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PROCESS FOR THE DETERMINATION OF PEPTIDES CORRESPONDING TO
IMMUNOLOGICALLY IMPORTANT EPITOPES AND THEIR USE IN A
PROCESS FOR DETERMINATION OF ANTIBODIES OR BIOTINYLATED
PEPTIDES CORRESPONDING = TO IMMUNOLOGICALLY  IMPORTANT
EPITOPES, A PROCESS FOR PREPARING THEM AND COMPOSITIONS

. CONTAINING. THEM

The technical problem underlying the present invention

is 'to provide peptides corresponding to immunologically

important epitopes on bacterial and viral proteins, as well
as the use of said peptides in diagnostic or immunogenic

‘compositions.

~ Recent developments in genetic engineering as well as
the chemistry of solid phase peptide synthesis have led to
the increasingly wider use of synthetic peptides in
bilochemistry and immunolegy. Protein sequences which become
available as & result of molecular cloning technigues can
be synthesized chemically in large quantities for
structural, functional, and immunological studies. Peptides
corresponding to immunologically important epitopes found
on viral and bacterial. proteins have also proven to be
highly specific reagents which can be used for antibody
detection and the diagnosis of infection.

Despite the many advantages synthetic peptides offer,
there are a number of disadvantages associated with their
use, Because of their relatively short size (generally less
than 50 amino acids in 1length), their structure may
fluctuate between many different conformations in the
absence of the stabilizing influence of intramolecular
interactions present in the fulle-length protein.
Furthermore, the small size of these peptides means that
their chemical properties and solubilities will freguently
be quite different from those of the full-length protein
and that the contribution of individual amino acids in the
peptide sequence toward determining the overall. chemical
properties of the peptide will be proportionally greater.

Many lmmunclogical assays regquire that the antigen
used for antibody detection be immobilized on a solid
support. Most enzyme-linked immunosorbent assays (ELISA)
make use of polystyrene as the solid phase. Many proteins
can be stably adsorbed to the solid phase and present
sequences which are accessible for subsequent interactions
with antibodies. Beciuse of th@ir small size, direct
adsorption of peptides to the solid phase frequently gives
rise to unsatisfactory results for any of a number of
reasons. i

Firstly, = the peptide may not possess the correct
overall charge or amino acid composition which would enable
the peptide to bind to the solid phase. Secondly, the same
amino acld residues which are required for binding to the
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golid phase may also be required for antibody recognition
and therefore not available for antibody binding. Thirdly,
the peptide may become fixed in an unfavorable conformation
upon binding to the solid phase which renders it
unrecognizable to antibody molecules. In many cases, it is
neither possible nor necessary to distinguish between these
possibilities. Binding to the solid phase can be increased
and made less sensitive to the specific chemical properties
of a peptide by first coupling the peptide to a large
carrier molecule. Typically, the carrier molecule is a
protein.

¥hile the amount of peptide bound to the solid phase,
albeit indirectly, can in some cases be increased by this
method, this approach suftfers from the fact that the
linkage between the peptide and the carrier protein
) frequently involves the eide chains of  internal
: trifunctional amino acids whose integrity may be
indispensable for recognition by antibodies. The binding
avidity of antisera for the internally modified peptide is
frequently very much reduced relative to the unmodified

peptide or the native protein.

The production of antisera to synthetic peptides also
requires in most cases that the peptide be coupled to a
carrier. Again, the coupling reaction between an internal
trifunctional amino acid of the peptide and the carrier is
likely to alter the immunogenic properties of the peptide.

There exist many methods for performing coupling
reactions and most of the procedures in current use are
discussed in detail in Van Regenmortel, M.H.V., Briand,
J.P., Muller, 8., and Plaué, S.; Laboratory Techniques in
Biochemistry and Molecular Bioclogy, wvol. 18, Synthetic
Polypeptides as Antigens, Elsevier Press, Amsterdam, New
York, Oxford, 1988, In .addition to these procedures,

D unprotected peptides can also be biotinylated using
commercially available reagents such as N~
hydroxysuccinimidobiotin or biotinamidocaproate N-
h{droxysuccinimide ester. Many of these reagents are
discussed in Billingsley, M.L., Pennypacker, K.R., Hoover,
C.G., and Kincaid, R.L., Biotechniques (1987)5(1):22-31.
Biotinylated peptides are capable of being kound by the
proteins streptavidin and avidin, two proteins which
exhibit extraordinarily high affinity binding to biotin.

In certain instances, it is possible to selectively
couple blotin to an unprotected peptide or an unprotected
peptide to a carrier. This may be accomplished by
synthesizing the peptide with an additional trifunctional
amino acid added to one of the ends which is capable of
participating in the coupling reaction. This approach will
only be successful, however, as long as this amino acid is
not a critical residue in the immunogenic sequence of
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interest and as long as the coupling agent chosen  is
sufficiently selective. No single technique is applicable
to all unprotected peptides regardless of their amino acid

composition.

% The etiological agent responsible for non-A, non-B

L hepatitis has been identified and termed hepatitis C virus

- (HCV). Patent application EP-A-0 318 216 discloses

sequences corresponding to approximately 80% of the viral

genome, The avallability of these sequences rapidly led to

the elucidation of the remainder of the coding sequences,

particularly those located in the 5' end of the genome

(Okamoto; J. Exp. Med, 60, 167~177, 1990). The HCV genonme

is a linear, positive-stranded RNA molecule with a length

of approximately 9400 nucleotides. With the exception of

o rather short untranslated regions at the termini, the

!" genome consists of one large, uninterrupted, open reading

' frame encoding a polyprotein of approximately 3000 amino

acids. This polyprotein has been shown to be ¢leaved co-

translationally into individual viral structural and non-

structural (NS) regions, The structural protein region is

further divided into capsid (Core} and envelcpe(EL and E2)

proteins. The NS regions are divided into NS-1 to NS-§
regions.

A number of independent patent applications have
employed a variety of strategies to determine the locations
of diagnostically important amino acid sequences and many
of these studies have led to the identification of similar
regions of the HCV polyprotein.

The NS4 region has mainly been studied in EP-A-0 318

216, EP-A-D 442 394, US-5,106,726, EP-A-0 489 986, EP-A-0
484 787, and EP-A-0 445 801, Unfortunately only 70% of
HCV-infected individuals produce antibodies to NS4, neither
‘ the synthetic nor recombinant proteins containing sequences
’ - from this reglon are adequate for identifying all infected
gserum samples. The nuclecocapsid or Core region has been
studied in patent applications EP-A-0 442 394,
Us-5,106,726, EP-A-0 489 986, EP-A-0 445 801, EP-A-0 451
891 and EP-A-0 479 376. It was found that these peptides
often used as nmixtures, were more frequently recognized by
antibodies (85-90%) 1in sera from chronically infected
individuals than were the peptides derived from NS4. The
NS5 region was studied in patent applications EP-A-0 489
986 and EP-A-0 468 527. Depending on the serum panel used,
more than 60% of NANB hepatitis can be shown to contain
antibodies directed against these peptides. The NS3 region
was alsoc studied in patent application EP-A-0 468 527. All
available evidence suggests that the most dominant epitope
of NS3 are discontinuous in nature and cannot be adequately
represented by synthetic peptides. The El1 region which is
potentially interesting as a region from the outer surface
of the virus particles (possible immunogenic epitopes) was
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studied in both patent applications EP-A-0 468 527 and EP-
A=-0 507 615. The E2/NS1 region was studied for the same
reascn as El. Comparisons of this region from different HCV
variants elucidated that thie protein contains variable
region which are reminiscent of the HIV V3 loop region of
gpl20 envelope protein. Four peptides were found in EP-A-0
468 527 which were shown to contain relatively infrequently
recognized epitopes.. Finally, the NS2 region of HCV was
analyzed in EP-A-0 486 527. However, the diagnostic value
of this region is not clear yet. vVirtually all patent
applications concerning diagnostically useful synthetic
peptides for antibody detection descrive preferred
combinations of peptides. Most of these include peptides
from the HCV core protein and NS4. In some cases, peptides
from NS5 (EP-A-0 489 968 and EP-A-0 468 527), and El1 and
E2/N51 are included (EP-A~-0 507 615 and EO-A-0 468 527).

F

YT

' Different patent applications have addressed the
problem of finding diagnostically useful epitopes of human
immuncdeficiency virus (HIV). An important immunodominant
region containing cyclic HIV-1 and HIV-2 peptides was found
in patent application EP-A-0 326 490. In EP-A-0 379 949,
this region was asserted to be even more reactive with
HIV-specific antibodies in case a biotin molecule was
coupled to these cyclic HIV peptides. SU - A - 161 22 64
also describes the use of a biotinylated peptide in a solid
phase immunoassay for the detection of HIV antibodies.

Other applications have looked for useful HIV epitopes in
the hypervariable V3 loop region of gpl20 (such as EP-A-0
448 095 and EP-A-0 438 332).

us Patent nunber 4,833,071 provides peptide °
compositions for detection of HTLV I antibodies.

; Deciding whether or not an epitope is diagnostically
useful is not always straightforward and depends to an
extent on the specific configuration of the test into which
it is incorporated. It should be ideally an immunodominant
epitope which is recognized by a large percentage of true
positive sera or should be able to complement other
antigens in the test to increase the detection rate.
Epitopes which are not frequently recognized may or may not
be diagnostically useful depending on the contribution they
make towards increasing the detection rate of antibodies in

i true positive sera and the extent to which incorporation of

bs these epitopes has an adverse effect on the sensitivity of

o the test due to dilution of other stronger epitopes.

Peptides can thus be used to identify regions of
proteins which are specifically recognized by antibodies
produced as &a result of infection or immunization. 1In
general, there are two strategies which can be followed.
One of these strategies has been described by Geysen, H.M.,
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Meloen, R.H., and Barteling, S§.J.; Proc. Natl. Acad. Sci.
USA - (1984) 81:3998-4002. Thisg approach involves the
synthesis of a large series of short, overlapping peptides
on polyethylene rods derivatized with a noncleavable linker
such that the entire length of the protein or protein
fragment of interest is represented.

L binding is detected using an anti-immunoglobulin; enzyme
conjugate. A positive reaction immediately identifies the
' location and sequence of epitopes present in the protein
! sequence. This technique has the advantage that all
i peptides are uniformly linked to the solid support through
;. their carboxy-terminus., While thisg method allows for very
accurate mapping of 1linear epitopes, the 1length of the
peptides which can be reliably synthesized on the rods is
b limited. This may sometimes Present problems i{f the length
of the epitope exceeds the length of the peptides
synthesized. .

A second approach to epitope mapping involves the
synthesis of larger peptides, generally between fifteen and
thirt¥ amino acids in length, along the sequence of the
protein to be analyzed. Consecutive peptides may be
contiguous but are preferably overlapping. Following
cleavage, the evaluation of antibody binding to the
individual peptides is assessed and the approximate
positions of the epitopes can be identified. an example of
this approach is given in Neurath, A.R., Strick, N., and
Lee, E.8.Y.; J. Gen. Virol. (1990) 71:85~95. This approach
has the advantage that longer peptides can be synthesized
which presumably more closely resemble the homologous

sequence in the native protein and which offer better
. targets for antibody binding. The disadvantage of this
i approach is that each peptide is Chemically unique and that
" the conditions under which each peptide can be optimally

coated onto a solid phase for immunological evaluation may
vary widely in terms of such factors as pH, ionic
b strength, and buffer composition. The quantity of peptide
which can be adsorbed onto the solid phase is also an

uncontrolled factor which is unigue for each peptide.

]
5
[ ol
=
e
5
O
@
®
o
s ]
t
o3
o
T
]
o
]
©
3
ct
;.
<
o
]
ct
e
(3
=~
[}
(2
o

(=3
0
B
=
—
(4
ke
s
(2 g
(¢}
o]
®
/]
1
-
ct
=
0
]
[
2
=
Q
o)
[
rh
'Y
=)
g
®
o}
ﬁ
-
e
(13
/]
=
o
<
-
=
(Ve
(]
{4
o
o
r
-
(o}
N

Another aim of the present invention is to provide
modified peptides corresponding to immunologically  useful
epitopes which could not be identifieq through classical
epitope mapping techniques, -
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Another aim of the present invention is to provide a
process for the in vitro determination of antibodies using
gald peptides, with said process being easy to perform and
amenable to standardization.

Another aim of the invention is to provide a process
for -the determination of peptides corresponding to
immunologically important epltopes on bacterial and viral
proteins,

Another aim of the invention is to provide a method
for preparing protein sequences used in any of said
methods.,

Another aim of the invention is to provide a method
for preparing protein sequence which can be used in a
process for the determination of their epitopes or in an in
vitro method for the determination of antibodies.

Another aim of the invention is to provide
intermediary compounds useful for the preparation of
peptides used in the above-mentioned methods.

Another aim of the present invention is also to
provide compositions containing peptides dJdetermined to
correspond to immunologically important epitopes on
proteins for diagnostic purposes.,

Another aim of the present invention is also to
provide conpositions containing peptides determined to
correspond to immunologically important epitopes on
proteins for vaccine purposes.

According to the present invention, a series ofr
biotinylated peptides representing immunologically
important regions of viral proteins have been identified
and prepared by solid phase peptide synthesis. These
peptides have been identified to be very useful for (i) the
detection of antibodies to HCV, and/or HIV, and/or HTLV-I
or II. In some preferred arrangements, these peptides were
also found or are at least expected, to he useful in
stimulating the production of antibodies to HCV, and/or
HIV, and/oxr HTLV-I or II in healthy animals such as BALB/C
mice, and in a vaccine composition to prevent HCV and/or
HIV, and/or HTLV-I or II infection.

As demonstrated in the Examples section of the present
invention, the use of biotinylated peptides also allows the
determination of immunologically important epitopes within
a previously determined protein sequence. The determination
of imrunologically important eplitopes using non-
biotinylated peptides, which are covalently coupled to the
solid phase, often fails to localize these epitopes.
Especially in case of localization of structural epitopes,
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the use of biotinylated peptides seems to be quite

- guccessful.

(1) According <to the present invention, a peptide
composition useful for the detection of antibodies to HCV,
and/or HIV, and/or HTLV-I or II comprise peptides
corresponding to immunologically important epitopes being
of the structure:

(A)~(B)~(X)=¥-[amino acids),~Y-(X)-2Z
where
- {amino acids], is meant to designate the length of the
peptide chain where n is the number of residues, being an
integer from about 4 to about 50, preferably less than
about 235, more preferably less than about 30, and
advantageously from about 4 to about 25;

- B represents biotin;

~ X represents a Dbiotinylated compound/ which is
incorporated during the synthetic process;

- Y represents a covalent bond or one or more chemical
entities which singly or together form a linker arm
separating the amino acids of the peptide proper from the
biotinyl moiety B or X, the function of vwhich is to
minimize steric hindrance which may interfere with the
binding of the biotinyl wmoiety B or X to avidin or
btreptavidin, wherein Y is not a covalent bond, it is
advantageously at least one chemical entity and may consist
of as many as 30 chemical entities but will consist wmost
frequently of 1 to 10 chemical entities, which may be
identical or different, more preferably glycine residues,
f=-alanine, 4-aminobutyric acid, 5-aminovaleric acid, or 6-
aminohexanoic acid;

- B and X belng enclosed in parentheses to indicate that
the presence of biotin or a biotinylated compound in these
positions is optional, the only stipulation being that B or
X be present in at least one of the positions shown:;

- A, vhen present, as indicated by parentheses, represents
(an) amino acid(s), an amino group, or a chenmical
modification of the amino terminus of the peptide chain;

= & represents (an) amino acid(s), an OH-group, an NH2~
group, or a linkage involving either of these two chemical
gxoups wherein the amino acids are selectively chosen to be
mmunodominant epitopes which are recognized by a 1large
percentage of true posistive sera or are able to complement
other antigens in the test to increase the detection rate
and B interacts with the selected amino acids to produce a
compound with greater diagnostic senstivity.

i
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The peptide composition comprises at least one and
preferably a combination of two, three, four or more
biotinylated peptides chosen from the following sequences:

1. Human immunodeficiency virus type 1 Envelope Peptides:
a. gpél

1. gp4l, isolate HTLV-IIIB
(A}-(B)-(XJ-Y-Ile-Trp-Gly—Cys-Ser~Gly-Lys-Ile-Cys—Y-(X)—z

2.
(Aj-(B)-X)-Y-Ile-Trp—Gly-Cys~Ser-Gly-Lys-Leu-Ile-Cys-
Thr—Thr-Ala-Val—Pro-Trp-Asn-Ala-Ser-Y—(x)-z

3 a '
(A)e(B)-(X)~Y-Glu-Arg-Tyr-Leu-Lys-Asp-Gln-Gln-Leu-Leu-
Gly-I1e-Trp-Gly-Cys-Ser-Gly-Lys-Leu-Ile-Y-(X)-z

4.
(A)-(B)-(X)-Y-Lau-sln-Ala-Arg-Ile-Leu-Ala-Val-Glu-Arg—
Tyr-Leu-Lys—Asp-Gln-Gln-Leu-Y-(X)-z

5. gp4l, isolate Ant70
(A)-(B)-(X)-Y-Leu-Trp-Gly-ch-Lys-Gly-Lys-Leu-Val-
Cys~Y-(X) =2

6. gp4l, isolate ELT
(A)-(B)-(X)-Y-Asp-Gln-Gln-Leu-Leu-Gly-I1e—Trp-Gly-Cys—Ser-
Gly-Lys-His-Ile~Cys-Thr-Thr—Asn-Va1-Pro-Trp-Asn-Y-(X)-z
b. 120 . '

gpl. Partial V3 loop sequence, consensus
(A)-(B)-(X)-Y-Asn-Asn-Thr-Arg-Lys-Ser-Ila-His-Ile-Gly-
Pro—Gly-Arg—Ala-Phe-Tyr-Thr-Thr-Gly-Glu-Ile-Ile—Gly-Y-
{X)-2

l.a. Complete V3 loop Sequence, consensus
(A)-(B)-(X)-Y-CYS-Thr-Arg-Pro-Asn-Asn-Asn-Thr-Arg-Lys-
Ser-Ile—His-Ile-cly-Pro-Gly—Arg-Ala-Phe-Tyr-Thr-Thr-
Gly—Glu-Ile-Ile-Gly-Asp-Ile-Arg-Gln-Ala-His-Cys-Y-

(X) -2

2. Partial V3 loop sequence, isonlate HIV-1 SF2
(A)-(B)-(X)-Y-Asn-Asn-Thr-Arg-Lys-Ser-Ile-Tyr-Ile-Gly—
Pro-Gly-Arg-Ala-Phe-His-Thr-Thr-Glyfhrg-Ila-Ile-Gly-Y-
(X)-2

3. Partial V3 loop sequence, isolate HIV-1 sC
(A)-(B)-(x)-Y-Asn-Asn-Thr—Thr-Arg-Ser-Ile-His-Ila-Gly-
Pro-Gly-Arg-Ala—Phe-Tyr—Ala-Thr—Gly-Asp—Ile—Ile—Gly-Y-
(X)-~2

4. Partial V3 loop sequence, isolate HIV-1 MN
(A)-(B)-(X)-Y-Tyr-hsn-Lys—Arg—Lys-Arg-Ile-His-Ile-Gly-
Pro-Gly-Arg—Ala-Phe-Tyr—Thr-Thr-Lys-Asn-Ile—Ile—Gly-Y-
(X) -2z

X,
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5. Partial V3 loop sequence, isolate HIV-1 RF

(A) - (B}~ (X) -¥-Asn-Asn-Thr-Arg=-lys-Ser-Ile-Thr-Lys-Gly-
Pro-Gly-Arg-Val-Ile-Tyr-Ala-Thr-Gly-Gln-Ile-Ile-Gly-¥-
(X)~Z _

6. Partial V3 loop sequence, isolate HIV-1 mal
(A) - (B)=(X) ~¥-Asn~Asn~-Thr-Arg-Arg-Gly-Ile-His-Phe-Gly-
Pro-Gly=-Gln-Ala-Leu-Tyr-Thr-Thr-Gly-Ile-Val-Gly-Y-
(X)~-Z

7. Partial V3 loop sequence, isolate HTLV-IIIB
(A)~(B) ~(X) -¥-Asn-Asn-Thr-Arg-Lys-Ser~Ile~-Arg-Ile-Gln-
Arg-Gly-Pro-Gly-Arg-Ala-Phe-Val-Thr-Ile-Gly-Lys-Ile-~
Gly-Y-(X)-2

8. Partial V3 loop sequence, isolate HIV-1 ELI
(A)=(B)=(X)-¥-Gln-Asn-Thr-Arg-Gln-Arg-Thr-Pro-Ile-Gly-
Leu-Gly~-Gln-Ser-Leu~Tyr-Thr-Thr-Arg-Ser-Arg-Ser-¥-(X) -2

9. Partial V3 loop sequence, isolate ANT70
(A)~(B)-(X)-¥-Gln-Ile-Asp~Ile-Gln-Glu-Met-Arg-Ile-Gly-
Pro-Met~-Ala~-Trp-Tyr-Ser-Met-Gly-Ile-Gly-Gly-Y-(X)-2

10. Partial V3 loop sequence, Brazilian isoclate,
Peptide Vv3-~3638
(A) =~ (B)~(X) -¥Y-Asn-Asn-Thr-Arg-Arg-Gly-Ile~His-Met-Gly-Trp-
Gly=-Arg-Thr-Phe-Tyr-Ala-Thr-Gly-Glu-Ile-Ile-Gly-¥-(X)~-Z

11. Carboxy-terminus, HIV-1 gpl2o0
(A)=(B)~(X)~-¥Y-Arg-Asp-Asn-Trp-Arg-Ser-Glu~-Leu-Tyr~Lys-
Tyr-lys~Val-Val~Lys-Ile-Glu-Pro-Leu-Gly-Val-Ala~-Pro-
Thr-Lys-Ala-Lys-Arg-Arg-Val-Val-Gln-Arg-Glu~Lys-
Arg=Y-(X)~-Z

2. Human immunodeficiency Virus type 2 Envelope Peptide
a. gp4l, isolate HIV-2 rod

(A)~(B)-(X) -¥-Ser-Trp-Gly-Cys-Ala-Phe~-Arg-Gln-val-Cys-
Y-(X)-2

b.
{A)=(B)-(X) -¥-Lys-Tyr-Leu-Gln-Asp-Gln~-Ala-Arg-Leu-Asn-
Ser-Trp-Gly-Cys—Ala-Phe-Arg~Gln~-Val-Cys-¥-(X) -2

c. gpl20, isolate HIV-2 NIHZ
{A)~(B)~-(X)-¥=-Asn-Lys-Thr-Val-leu~-Pro-Ile-Thr-Phe-Met-
%ef-cly-Phe-Lys-Phe-His-Ser-Gln—Pro-Val-Ile-Asn-Lys-Y—
X)~2

d. Partial V3 loop sequence, Peptide V3=GBl2
{A)-(B)~(X)-¥=-Asn-Lys-Thr-Val-Val=-Pro-~Ile~Thr-Leu-Met-Ser-
Gly-Leu-Val-Phe-His-Ser-Gln-Pro-Ile-Asn-Lys-Y¥~-(X) -2

e. Partial V3 loop sequence, Peptide V3=239
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-‘”(A)-(B)—(X)-Y-Asn-Lys-Thr-Val-Leu-Prb-Val-Thr-Ile-Met-Ser-
g Gly-
Leg—Val-Phe-His-Ser-Gln-Pro-Ile-Asn-Asp-Y-(X)-z

3. Chimpanzee immunodefij iency Virus _
a. 41
(A)E$B)-(X)-Y-Leu-Trp-Gly-Cys-Ser-Gly-Lys-Ala—Val-0ys-
¥=-(X)-2

4. Simian immunodeficiency Virus -

a. Transmembrane protein, isoclate SIVagm(TY01)
(A)-(B)-(x)-Y-Ser-Trp-Gly-Cys-Ala-Trp-Lys-Gln-Val-ch-
Y- (X) -2,

b. Transmembrane protein, isolate SIVmnd
(A)-(B)-(X)-Y-Gln-Trp-Gly-Cys-Ser-Trp-Ala—Gln-Val-Cys-
Y=(X)~2

5. HTLV-I and HTLV-II Virus

Peptide I-gp4é6-3

(A)—(B)-(X)-Y-Val-Leu-Tyr-Ser-Pro-Asn-Va1-Ser-Va1-Pro-
ser-Ser-Ser-Ser-Thr-Leu-Leu-Tyr-Pro-Ser-Leu-Ala-Y-(X)-z
Peptide I-gp46-5

(A)-(B)—(X)-Y-Tyr-Thr-Cys-Ile—Val-ch-Ile—Asp-Arg-Ala-Ser-
Leu-Ser-Thr-Trp-His-Val-Leu-Tyr-Ser—Pro-Y-(X)-z

Peptide I-gp46-4

(A)-(B)-(X)-Y-Asn-Ser-Leu-Ile-Leu-Pro-Pro-Phe—Ser-Leu-Ser-
Pro-val—Pro—Thr-Leu-Gly-Ser-Arg—Ser-Arg-Arng-(X)-z

Peptide I-gp46-6

(A)-(B)-(X)-Y-Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Ile—Trp-Phe-Leu-
Asn-Thr-Glu-Pro-Ser-Gln—Leu-Pro-Pro-Thr-Ala-Pro-Pro-Leu-
Leu-

Pro—His-Ser—Asn-Leu-Asp-His-I1e—Leu-Glu~Y-(X)-Z

Peptide I-p21-2

(A)—(B)—(X)-Y-Gln-Tyr-Ala-Ala-G1n—Asn-Arg-Arg-Gly—Leu—Asp-
Leu-Leu-Phe—Trp-clu-Gln-Gly-Gly-Leu-ch-Lys-Ala-Leu-Gln-
Glu-Gln-c¥s-Arg-Phe-Pro-Y-(X)-z

Peptide I-p19

(A)—(B)-(X)-Y-Pro-Pro-Pro-Pro-Ser-Ser-Pro-Thr-His-Asp—Pro-
Pro-hsp-Ser-Asp-Pro-Gln-Ile-Pro-Pro-Pro-Tyr-Val-Glu—Pro-
Thr-

Ala-Pro-Gln-val-Leu-Y-(X)-z

This Sheet Has Been

[T




11

Peptide II-gp52-1

(A,-(B)-(X)-Y-Lys-Lys-Pro-Asn-Arg-Gln-Gly-Leu-Gly-Tyr-Tyr-
ser-Pro-SerrTyr-Asn-Asp-Pro-Y-(X)-z '

Peptide II-gp52-2

(A)-(B)-(X)-Y-Asp-Ala-Pro-Gly-Tyr-Asp—Pro-Leu-Trp-Phe-Ile-
Thr-Ser-Glu-Pro-Thr-Gln-Pro-Pro-Pro-Thr-ser—Pro-Pro-Leu-
Va1-His-Asp-Ser-Asp-Leu-Glu-His-Val-Leu-Thr-Y-(X)-z

Peptide II-gps52-3:

(3)-(3)-(x)-Y-Tyr-Ser-Cys-Met-Val-Cys—val-Asp-Arg~Ser-Ser-
Leu-Ser-Ser-Trp-His-Val-Leu—Tyr-Thr-Pro-Asn-Ile-Ser-Ile-
pzo-sln-Gln—Thr-Ser-Ser-Arg-Thr—Ile—Leu-Phe-Pro-Ser-Y-(X)-Z

Peptide II-pi1g

(A)-(B)-(X)-Y-Pro-Thr-Thr-Thr-Pro-Pro-Pro-Pro-Pro—Pro-Pro-
ser-Pro-Glu-Ala-His-Val-Pro-Pro-Pro-Tyr-Val-Glu-Pro—Thr-
Thr-Thr-Gln-Cys-Phe-Y-(X)-z

antisera fron infected humang Or primates are considered
particularly advantageous, All these above-mentioneq
pPeptides are new.

be synthesizeq according to classica) methods.

be identical to any particular HCV sequence as long as the
Subject compounds  are Capable of Providing for

amnino aciq substitutjions where such changes might pProvide
for certain advantages in their use. The peptides wiil]
Preferably be as short as possible while still maintaining
all of the sensitivity of the larger Béquence. In certain
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Bases, it may be desirable to join two Or more peptides
Fogether into a single structure. The formation of such a
omposite may involve covalent or non-covalent linkages.

- Of particular intgrest are bjiotinylated peptides of
FHCY into which cysteine, thioglycollic acid, or other
fithiol~-containing compounds have been incorporated into the
speptide chain for the purpose of providing mercapto-groups
which can be used for cyclization of the peptides.

- The following peptides from the Core region of Hcv
were determined as Corresponding to immunologically

important epitopes.

1. Peptide I or core 1 ({(aa.

acid sequence:

(I)
(A)-(B)-(X)-Y-Met-Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-

Thr—Lys-Arg—Asn-Thr~Asn-Arg-Arg—Pro-Gln-Y-(X)-z

1-20) has the following amino

2. Peptide II or cCore 2 {aa. 7-26) has the amino acid

seguence:

(II) ~
(A)-(B)-(X)-Y-Pto-Gln-Arg-Lys-Thr-Lys-Arg-Asn—Thr—Asn-

Arq-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly-Y-(X)-z

Of particular interest is the oligopeptide IIA (aa. 8 to

18):
(IIA)
(A)-(B)-(X)-Y-Gln-Arg-Lys-Thr-Lys-Arg—Asn~Thr-Asn-Arg-

Arg-Y-(X)-2. -

3EI§§?tide III or Core 3 (aa 13-32) has the sequence:
(4)—(5)-(X)-Y-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-
Lys—Phe-Pro-Gly-cly-Gly-Gln-Ile-Val-Gly-Y-(X)-z

42 prtide IV or Core 7 (aa 37-56) has the sequences:
Iv :
(A)-(B)-(X)-Y-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-'
Arg-Ala-Thr-Arg-Lys-Thr~Ser-Glu-Arg-Ser-Y-(x)-z

Of particular interest is the oligopeptide IVa or Core 6§

(aa. 31 to 50):

(Iva)
(A)-(B)-(X)-Y-Va1-Gly-Gly-val-Tyr-Leu-Leu-Pro-Arg-Arg-

Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr—Arg-Y-(X)-z

5. Peptide V or cCore 9 (aa 49-68) has the Sequence:

(V)
(A)-(B)-(x)-Y-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-

Arg-c1y-Arg-Arg—G1n—Pro—Ile-Pro-Lys-Va1-Y-(X)—z

' 'I‘hisSheetHasBeen
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'particular interest is the o

ligopeptide va (aa. 55 to
s

Va '
_ g)_{a)-(XJ-Y-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-Gln-Pro-
'119—Pro-Lys-VaI-Arg-Arg-Pro-Glu-Gly-Arq-Y-(X)-z

6. Peptide VI or core 11
' seqguence:

(VI)
(A)-(n)-(x)-Y-Arq-Arg-Gln-Pro-Ile—Pro-Lys-Val-Arg-Arg-
Pro-Glu-G1y~Arg-Thr-Trp-A1a—GIn-Pro-Gly-Y-(X)-z

(aa 61-80) has the following

7. Peptide ?II (aa 73-92) or core 13 has the seguence:
VII)

(g)-(B)-(X)-Y-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-

Trp-Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys—Gly-Y-(X)-z

8. Peptide Core 123 (aa. 1-32):
(A)-(B)-(XJ-Y-Met-Ser-Thr-I1e-Pro-Gln-arg-Lys-Thr-Lys-
Arg-Asn-Thr-Asn—Arg-Arg-Pro-Gln—Asp-Val-Lys—Phe-Pro—Gly-
Gly-Gly-Gln-I1e-Va1-Gly-Y-(X)-z

9. Peptide Core 7910 (aa. 37-80): :
(A)—(B)-(x)-Y-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg—Arg—Gly-Pro—
Arg-Leu-Gly-Va1-Arg-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-

Ser—Gln-Pro-Arg-Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-val-Arg-
Arg-Y-(X)-2

The following Peptides from the Ns4 re

gion of HCV were
found to correspond to immunologi

cally important epitopes.

Peptide VIII or NS4-1 or HCV1l (aa 1688 - 1707} has the
sequence:

(VIII) '
(A)-(B)-(X)-Y-Leu-Ser-Gly-

Lys-Pro-Ala-Ile-Ile-Pro-Asp-
Arg—Glu-Val-Leu-Tyr-Arg-Gl

u-Phe-Asp-Glu-Y-(X)-z

Peptide IX or Hcv2 (aa 1694 - 1713)
(IX)

(A)-(B)—(X)-Y—Ile-Ile-Pto-

Glu-Phe-Asp-Glu-Met

has the sequence:
Asp-Arg-Glu-val-Leu-Tyr-Arg-
-Glu-Glu-Cys—Ser-Gln-Y-(X)-z

Peptide Hcv3
(A)-(B)-(X)-Y—Val-Leu-Tyr-Arg-Glu—Phe-Asp-Glu-Met-Glu-Glu
-Cys-Ser—Gln-His-Leu—Pro—Tyr-Ile-Glu-Y-(X)-z .

Peptide X or HCV4 (aa 1706 - 1725) has the sequence:
(X}

(A)-(B)—(X)-Y-Asp—Glu-Met—Glu-Glu-Cys—Ser-Gln-His-Leu-
Pro-Tyr-I1e-Glu-Gln-Gly-Met-Met-Leu-Ala-Y-(X)-z

11. Peptide XTI or NS4-5 or HeCVs (aa 1712 - 1731) has the
sequence:
(X1) o
This Sheet Has Been Repla
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);(3)-(x5-Y-Serécln-ﬂis—Leu-Pro-Tyr-Ile-Glu—Gln-Gly-
et-Met-Leu-Ala~Glu-Gln-Phe~Lys-Gln-Lys-¥-(X)~2

2. Peptide XII or HCVé (aa 1718 ~ 1737) has the sequence:

II
.({?—(%)-(X)-Y-Ileeclu—cln-Gly-Het-Met-Leu-Ala—Glu-Gln-
phe-Lys-Gln-lys-Ala~Leu~-Gly-Leu-Leu~Gln-¥~ (X} -2

13. Peptide XIII or NS4-7 or HCVZ (aa 1724 - 1743) has the

sequence:
(XIIX)

(A) - (B) - (X) ~¥-Leu-Ala=Glu-Gln~Phe-Lys-Gln-Lys-Ala-Leu~
G1y-Leu-Leu—Gln-Thr-Ala-Ser-Arg-Gln-Ala-Y-(X)-z

14. Peptide XIV or HCV8 (aa 1730 - 1749) has the sequence:
XIV)

(i)-(n)-(X)-Y-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-

Ser-Arg-Gln-ala-Glu-Val-Ile-Ala-Pro-Ala~¥~-(X)-2

15. Peptide NS4-27 or HCV9 (aa. 1712 ~ 1743):

(A) - (B) - (X) -¥~Ser-Gln-His~Leu-Pro-Tyr~Ile-Glu-Gln-Glu-Met-
Leu-Ala=Glu-Gln-Phe-Lys-Gln-lys—Ala-Leu-Gly-Leu-Leu~-Gln-
Thr-Ala-Ser-Arg-Gln-Ala-¥-(X)~2 -

16. Peptide NS4ie:
(A) - (B) = (X} -¥=-Gly-Glu-Gly-Ala-Val~Gln-Trp-Met~Asn-Arg-~
Leu-Ile-Ala-Phe~Ala-Ser-Arg-Gly-Asn-His-¥Y-(X)~2

The following peptides of the NS5 region of HCV were found
to correspond to immunclogically important epitopes.

Peptide XV or NS5-25 (aa 2263 - 2282) has the sequence:
{XV) .

(A)~(B) - (X) ~¥-Glu-Asp-Glu-Arg-Glu~Ile-Ser-Val-Pro-Ala-
Glu-lle-Leu~Arg-Lys~Ser-Arg-Arg-Phe~Ala=¥-(X)-Z

Peptide XVI or NS5-27 (aa 2275 ~ 2294) has the sequence:
(XVI) '
(A)~-({B)-(X)~¥Y~leu-Arg-Lys-Ser-Arg-Arg-Phe-Ala-Cln-Ala=
Leu-Pro-Val-Trp-Ala~-Arg-Pro-Asp-Tyr-Asn-Y-(X) -2

Peptide XVII or NS5-29 (aa 2287 - 2306) has the seguence:
(XVII)
(A)~(B)-(X)-¥Y-Val-Trp-Ala-Arg~Pro-Asp-Tyr-Asn-Pro-Pro-
Leu-Val=Glu-Thr-Trp~Lys-Lys-Pro-~Asp-Tyr-Y~(X)-2

Peptide XVIII or NS5-31 (aa 2299 - 2318) has the seguence:
(XVIII)
{A)~(B)=(X)-¥Y-Glu-Thr~Trp-Lys-Llys-Pro-Asp~Tyr-Glu-Pro-
Pro-Val-val-His-GCly-Cys-Pro~Leu~Pro~Pro-Y~(X)-2

Peptide XIX or NS5-33(aa 2311 ~ 2330) has the sequence:
(XIX)
(A)~(B)~(X)-¥-Val~-His~Gly-Cys-Pro-Leu~-Pro-Pro-Pro-Lys~

This Sheet Has Been Replaced
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Ser-Pro-Pro-vVal-Pro-Pro-Pro-Arg-Lys-Lys-¥-(X)-Z
p:ptide N8S5-2527 (aa. 2263 to 2294):
i(A)-(a)-(X)-Y-G1u-Asp-Glu-Arg-Glu-Ile-Ser—Val-Pro-Ala-Glu-
7le-Leu-Arg-Lys-Ser-Arg-Lys-Ser-Arg-Arg-Phe-Ala-Gln-Ala-
Leu-Pro-Val-Trp-Ala-Arg-Pro-Asp-Tyr-Asp-Tyr-Asn-Y-(X)-2

The following peptides from the N-terminal region of the
E2/NS1 region of HCV were found to correspond to
{mmunologically important epitopes.
peptide XXa (aa. 383-416)

(3) = (B) = (X) =¥-Gly-Glu~-Thr-Tyr-Thr-Ser-Gly-Gly-Ala-Ala-
ser~-His-Thr-Thr-Ser-Thr~-Leu-Ala-Ser-Leu~Phe-Ser-Pro-
Gly-Ala-Ser-Gln-Arg-Ile-Gln-Leu-Val-Asnh-Thr-Y-{X)«Z

peptide XXa-1 (aa. 383-404)

(A) - (B) = (X) ~¥~-Gly-Glu-Thr-Tyr-Thr-Ser-Gly-Gly-Ala-Ala-
Ser-His-Thr-Thr-Ser-Thr-Leu-ala-Ser-Leu~Phe-Ser-
¥=-(X)-Z

peptide XXa-2 (aa. 393-416)
(A)={B)=(X)-Y~Ser~-His~-Thr-Thr=-Ser-Thr-leu~-Ala-Ser-Leu~
Phe-Ser~Pro~-Gly-Ala-Ser-Gln—-Arg-Ile-Gln-Leu-Val~Asn~-
Thr-Y-(X)-2

peptide XXb (aa. 383-416)
(A)-(B)~(X)~-¥-Gly-His-Thr-Arg-Val-Ser~Gly-Gly-Ala-Ala~
Ala~Ser-Asp-Thr-Arg-Gly-Leu-Val-Ser-Leu-Phe-Ser~-Pro-
.Gly-Ser-Ala-Gln-Lys-Ile-Gln~Leu-Val-Asn-Thr-Y-(X)~2
pept;de XXb-1 (aa. 383-404)
(A)-(B);(x)-Y-Gly-Hié;Thr—Arg-Val-sér-cly-Gly-Ala—Ala-
Ala-Ser-aAsp-Thr-Arg-Gly-Leu-Val~Ser-Leu-Phe-Ser-
¥-(X)-2

peptide XXb-2 (aa. 393-416)
(A)-(B)?(X)-Y-Ala-Ser-Asp-Thr-Arg-Gly-Leu-Val-Ser-Leu-
Phe~Ser-Pro-Gly-Ser-Ala-Gln-Lys-~Ile-Gln-Leu-Val-Asn-
Thr-Y-(X)=-2

peptide XXc (aa. 383-416)
{A)-(B)-(X)~Y-Gly-His~-Thr-Arg-Val-Thr-Gly-Gly-Val-Gln-
Gly-His~-Val-Thr-Cys-Thr-Leu-Thr-Ser-Leu-Phe~Arg-Pro-
Gly-Ala-Ser-Gln-Lys-Ile-~Gln~Leu~-Val-Asn~Thr-¥-(X) =2

peptide XXc-1 (aa. 383-404)
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fth)-(n)-(XJ-Y-Gly-His-Thr-Arq-Val-Thr-Gly-Gly—Val-Gln-
_fG;y-ﬂis-Val-Thr-Cys-Thr—Leu-Thr—Ser-Leu-Phe-Arg-Y-(x)-z

peptide XXc-2 (aa. 353-416)

(A) - (B) - (X) ~¥-Gly-His-Val-Thr-Cys-Thr-Leu-Thr-Ser-Leu-
Phe-Arg~Pro-Gly-Ala-Ser-Cln-Lys-Ile-Gln-Leu-Val-Asn-
Thr-¥=(X)-2

peptide XXd (aa. 383-416)

{(A) =(B) = (X) -¥-Gly-His-Thr-His-Val-Thr-Gly-Gly-Arg-Val-
Ala-Ser-Ser-Thr-Gln-Ser-Leu-Val-Ser-Trp-leu-Ser~Gln-
Gly-Pro-Ser-Gln-Lys-Ile-Gln-Leu-Val-Asn-Thr-Y-(X) -2

peptide XXa-1 (aa. 383-404)

(A)=(B) - (X) ~¥-Gly-His~-Thr-His~-Val~-Thr-Gly-Gly-Arg-Val=-
Ala-Ser-Ser-Thr-Gln-Ser-Leu~Val-Ser-Trp-Leu-Ser-¥-(X)-2
peptide XXd-2 (aa. 393-416)

(A)=(B)~-(X)-¥-Ala-Ser~Ser-Thr-Gln~Ser-Leu-Val-Ser-
Trp-Leu-Ser-Gln-Gly-Pro-Ser-Gln-Lys~Ile-Gln-leu-Val-
Asn-Thr-¥-(X) -2

peptide XXe (aa. 383-416)

(A) = (B) = (X) ~¥-Gly-Asp-Thr-Ris-Val-Thr~-Gly~-Gly-Ala-
Gln-Ala~-Lys-Thr-Thr-Asn-Arg-Leu-Val-Ser-Met-Phe~-Ala~-
Ser-Gly-Pro-Ser-Gln-Lys-Ile-Gln-Leu-Ile-Asn-Thr-¥-
(X)-2

peptide XXe-l1l (aa. 383-404)

(A)-(B)=(X)-¥Y-Gly-Asp-Thr-His-Val-Thr-Gly-Gly-Ala~-
Gln-Ala-Lys-Thr-Thr-Asn-Arg-Leu-Val-Ser-Met-Phe-Ala
-¥~-(X)-2

peptide XXe-2 {aa. 393-4186)
(A)-(B)=(X)-Y¥-Ala~Lys-Thr-Thr-Asn-Arg-Leu-Val-Ser-
Met-Phe-Ala-Ser-Gly-Pro-Ser~-Gln-Lye-Ile-Gln-Leu-Ile-
Asn-Thr-Y-(X) -2

peptide XXf (aa. 383-416)
(A)-(B)-(X)-Y~-Ala-Glu-Thr-Tyr-Thr-Ser-Gly~Gly-Asn-
Ala-Gly-His-Thr-Met~Thr-Gly-Ile-Val-Arg-Phe-Phe-Ala-
Pro-Gly-Pro-Lys-Gln-Asn-Val-His-Leu-Ile-Asn-Thr-Y-(X)=2
peptide XXf-1 (aa. 383-404)
(A)-(B)-({X)-Y¥-Ala-Glu-Thr~-Tyr-Thr-Ser-Gly-Gly-Asn-Ala-
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Met-Thr-Gly-Ile-Val-Arg-Phe-Phe-Ala-¥~(X)-2

f}j,;g_ely-nis-rhr-uet-rhr-cly-Ile—Val-Arg-Phe-
pro-Gly-Pro-Lys—Gin-Asn~Val-His-Leu-Ile-Asn~

peptide XXg (aa. 383-416)

5)-(x)-Y-Ala-clu-Thr-Ile-Val—Ser-Gly-Gly-Gln-Ala-
Rvo-21a-Met~Ser-Gly-Leu-Val-Ser-Leu-Phe-Thr-pPro-
a-Lys-Gln-Asn-Ile~Cln-Leu-Ile-Asn~Thr-¥-(X)-2Z

peptide XXg-1 (aa. 383-404)

)-(x)-Y-Ala—Glu-Thr-I1e-Va1-Ser-Gly~Gly—G1n-A1a-
rg-Ala-Met~-Ser-Gly-Leu-Val-Ser-Leu-Phe-Thr-¥Y=-(X)-2

peptide XXg-2 (aa. 393-416)

(3)-(X)-Y-Ala-Arq-Alé-Met-Ser-Gly-Leu-Val-Ser—Leu-
Thr-Pro-Gly-Ala~-Lys~Gln-Asn~Ile-Gln~-Leu-Ile-Asn-
¥=-{X} -2

peptide XXh (aa. 383-416)

B) - (X)~¥~Ala-Glu-Thr-Tyr-Thr-Thr-Cly-Gly-Ser-Thr-~
Arg-Thr-Thr-Gln-Gly-leu-Val-Ser-Leu-Phe-Ser-Arg-
a1a-Lys-Gln-Asp-Ile-Gln-Leu-Ile—Asn—Thr-Y-(x;-z

peptide XXh-1 (aa. 383-404)
¢
B) = {X) ~¥-Ala-Glu-Thr-Tyxr-Thr-Thr-Gly-Gly-Ser-Thr-
Arg~Thr-Thr-Gln-Gly-leu-Val-Ser~Leu~-Phe~-Ser-Y-(X) -2

peprtide XXh~-2 (aa. 393-416)

(B)-(X)-Y-Ala-Arg-Thr—Thr-Gln-Gly-Lau-Val-Ser-Leu-
3e€;?rg-cly-Ala-Lys-Gln-Asp-Ile-Gln—Leu-Ile-Asn-
- -z

' The above-mentionned sequences correspond to epitopes
ocalized on the HCV type-1 isolate HCV-1 (Choo et al.
3¢; Natl. Acad. Sci. 88, 2451-2455, 1991) and HC-J1
kamoto et al., Jap. J. Exp. Med. 60, 167-177, 1990)
quence. It is, however, to be understocd that also
tides from other type-1 HCV isolate sequences which
‘respond to the above-mentioned immunologically important
lons may also be comprised in the composition according
the invention. An example of variant HCV sequences also
Ealling within the present invention may be derived from
M‘H?;;J)isolata (Kato et al., Proc. Natl. Acad. Sci. 87,
- 8).
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éhe following peptides derived from the same regions as the
' above-cited peptide regions from the type 2 HCV sequences.

peptide XX/2

(A) - (B) = (X) ~¥-Ala-Gln-Thr-His-Thr-Val-Gly-Gly-Ser-Thx-
Ala-His-Asn-Ala-Arg-Thr-Leu-Thr~Cly-Met-Phe-Ser-Leu~-
Gly-Ala-Arg~Gln-Lys-Ile-Gin-Leu-Ile-Asn-Thr-Y-(X)~-2
peptide XX/2-1

(A) - (B) -{X) -¥-Ala-Gln-Thr-His-Thr-Val=Gly-Gly-Ser-Thr-
Ala-His-Asn-Ala-Arg~Thr-Leu-Thr-Gly-Met-Phe-Ser-Y-(X) -2

peptide XX/2-2
(A) -(B)~(X) ~¥-Ala-His-Asn-Ala-Arg-Thr-Leu-Thr-Gly-Met-
Phe-5er-Leu-Gly-Ala-Arg-Gln-Lys—-Ile-Gln-Leu-Ile~Asn=~
Thr-Y-(X)~-2
peptide VIII=2 or NS4=-1 (2)

(A)—(B)-(X) -¥-Val-Asn-Gln-Arg-Ala-Val~Val-Ala-Pro-Asp-
Lys-Glu-Val-Leu-Tyr-Glu-Ala-Phe-Asp-Glu~¥=(X) -2

peptide IX-2

(A) ={B)-(X)~-¥-Val-Ala-Pro~Asp-lys—-Glu-Val-Leu-Tyr-Glu-
Ala-Phe-Asp-Glu-Met-Glu-Glu~-Cys-Ala-Ser-¥-(X)~2

peptide X-2

(A)~=(B) - (X)-Y-Asp-Glu-Met-Glu-Glu-Cys—-Ala-Ser-Arg~Ala-
Ala-Leu-Ile-Glu~Glu-Gly-Gln-Arg-Ile-Ala-¥-(X)-2

peptide XI-2 or NS4-5 (2)

(A)-(B)=(X)~Y¥-Ala-Ser-Arg~Ala-ala-leu~Ile~-Glu-Glu-Gly~
Gln-Arg-Ile-ala~Glu-Met-leu-Lys-Ser-~Lys-Y-(X)~-2 :

peptide XII~-2

(A)=(B)-(X)-¥-Ile~Glu~-Glu-Gly-Gln-Arg~Ile~Ala-Glu~Met-
Leu-Lys~Ser-lys-lle-Gln-Cly-Leu-Leu-~Gln-¥~-(X) -2

peptide XIII-2 or NS4-7(2)

(A)~(B)=-(X)-¥-Ile-Ala-Glu-Met-Leu-~lys-Ser-Lys~Ile-Gln-
Gly~Leu-Leu~Gln-Gln-Ala-Ser-Lys~Gln-Ala-¥-(X)~-Z

peptide XI1V-2

(A) -({B)~(X)~Y¥-Ser-Lys-Ile-Gln-Gly~-leu~Leu-Gln-Gln-Ala-
Ser-Lys-Gln-Ala-Gln-Asp~Ile-Gln-Pro-Ala-Y-(X)~2
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peptide Xv-2

(A) - (B) = {X) -Y-Arg-Ser-Asp-Leu-Glu-Pro-Ser-Ile-Pro-Ser-
Glu-Tyr-Met-Leu-Pro-Lys-Lys~Arg-Phe-Pro-(X)-Y-2

peptide XVI~2

() -{B)~(X) -¥-Met-Leu-Pro-Lys-Lys~Arg-Phe-Pro-Pro-Ala-
Leu-Pro-Ala~-Trp-Ala-Arg-Pro-Asp-Tyr-Asn-Y-(X) -2

peptide XVII-2

(A) - (B) =(X) -¥Y-Ala-Trp-Ala=Arg-Pro-Asp-Tyr=-Asn-Pro-Pro-
Leu-Val-Glu~Ser-Trp-Lys-Arg-Pro-Asp-Tyr-Y-(X)~2 -

peptide XVIII-2

3 (A) - (B) - (X) -¥-Glu-Ser-Trp-Lys-Arg~Pro~Asp-Tyr-Gln-Pro-
Ala-Thr-Val-Ala-Gly-Cys-Ala-Leu-Pro-Pro-Y-(X)-2

3 peptide XIX-2

(A)-(B)-({X) -¥-Val-Ala-Gly-Cys-Ala-Leu-Pro-Pro-Pro-Lys-
Lys-Thr-Pro-Thr-Pro-Pro-Pro-Arg-Arg-Arg-¥-(X)-2

The above-mentioned sequences correspond to epitopes
localized on the HCV type-2 isolate HC-J6 sequence (Okamoto
et al., J. Gen. Virology 72, 2697-2704, 1991). It is,
however, to be understood that also peptides from other
type-2 HCV l1solate sequences which correspond to the
above-mentioned immunologically important regions may also
be comprised in the composition according to the invention.
Examples of variant sequences also falling within the
present invention may be derived from HCV isolate HC-J8
(Okamato et al., Vireclogy 188, 331-341, 1992).

The following peptides from the NS4 region of HCV type
3. are also preferred peptides according to the present
invention::

Peptide NS4-1 (3)
(A)=(B)=(X)-¥-Ieu-Gly-Gly-Lys-Pro~Ala-Ile-Val-Pro-Asp~-Lys-
Glu-Val-leu-Tyr-Gln-Gln-Tyr-Asp-~Glu-Y-(X) -2

Peptide NS4-5 (3)
(A)=(B)-({X)-¥-Ser-Gln-Ala-Ala-Pro-Tyr-Ile~-Glu~Gln-Ala-Gln-
Val-Ile-Ala-His-Gln-Phe-Lys-Glu-Lys-Y-(X)~-2

Peptide NS4=7 (3)
(A)-(B)-(X)-¥-Ile~Ala-His-Gln-His-Gln-Phe-Lys-Glu-Lys~Val~
Leu-Gly-leu-Leu-Gln-Arg-Ala-Thr-Gln-Gln-Gln-Y-(X) -2

It is to be understood that also other peptides
corresponding to HCV type-3 isolate sequences which
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correspond to immunologically important regions as
determined for HCV type-1l and type-2 may also be comprised
in the composition according to the invention.

The composition according to the present invention may:
also comprise hybrid HCV peptide sequences consisting of
combinations of the core epitopes of the HCV core (table 9)
HCV NS4 (table 10) or the HCV NS5 (table 11} region
separated by Gly and/or Ser residues, and preferentially
the following hybrid@ HCV seguences: _

Epi-152

(A)=(B}-{X)~¥~Ile-Pro-Asp-Arg-Glu-Val-leu-Tyr-Arg-Gly-Gly-
Lys~-Lys-Pro-Asp-Tyr-Glu-Pro~Pro-Val-Gly-Gly-Arg-Arg-Pro-
Gln-Asp~-Val~-lys~Phe-Pro=-Y-(X) =2

Epi-33B3A

(A) = (B) ~(X) ~Y~-Trp-Ala-Arg-Pro~Asp-Tyr-Asn-Pro-Pro-Gly-Gly-
Gln~Phe-lys-Gln-Lys-Ala-Leu-Gly-leu-Gly-Ser-Gly-vVal-Tyr-
Leu-Leu-Pro~-Arg-Arg-Gly-¥-(X)~2

Epi-4B2A6

(A) =(B) - (X) ~¥Y-Arg-Gly-Arg-Arg~Cln-Pro~Ile-Pro-Lys-Gly-Gly-
Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Ser-Gly-Pro-Val=val-
His-Gly-Cys-Pro~Leu~-Pro~Y=(X)~2

The composition according to the present invention may
also comprise so called biotinylated mixotope sequences
consisting of peptides containing at each position all the
amino acids found in the naturally occurring isolates, with
said peptides being derived from any of the above-mentioned
immunologically important regions (see Figure 14).

(2) A preferred mixture of biotinylated peptides for
detecting and/or immunizing against Hepatitis ¢ virus,
Human Immunodeficiency Virus  type 1 and Hunan
Inmunodeficiency Virus-type 2 consists of:

A. II, III, IVa, Va, IX, XI, XITI, XV, XVI,
XVIII,

la.3, la.4, la.b, 1b.la, 2b, 24,

B. II, III, IVa, Va, IX, IX-2, XI, XI-2, XIII,
XIII-Z' XV, XV"Z, XVI' XVI"Z, XVIII, XVIII"'Z’
la.3, la.4, la.b, 1b.la, 2b, 24.

(3) A preferred mixture of blotinylated peptides for
detecting and/or immunizing against Human Immunodeficiency

‘Virus types 1 and 2 and Human Lymphotropic Virus types I

and II consists of:




21

1a.3, la.4, 1b.1, 2b, 2¢c, 24, I-gp46-3, I-gp46-4,
I~-gp46-5, I-gp4s-6, II-gpS52-2, II-gp52-3, I~
p21-2, I-pl9, II-pl9.

(4) Another preferred mixture of biotinylated peptides for
detecting and/or immunizing against Hepatitis C Virus,
guman Immunodeficiency Virus types 1 and 2 and Human
Lywphotropic Virus types I and II consists of;

la.3, la.4, la.8, 1b.la, 2d, II, III, IVa, Va,
IX, 'XI, XIII, XV, XVI, XVIII, XXa-2, XXc-2,
gp46"6' II‘gp52'3, I"pzl"z, I-plgl
II-p19,

(5) The present invention relates also to compositions of
biotinylated peptides which are considered particularly
advantageous, for diagnostic as well as immunogenic
purposes for Hepatitis € Virus, and which advantageously
conprise the following mixtures:

A. I, I1II, 1va, Va,

B. Ir, III, Iva, Va,

c. IX, XI, XIII,

D. XV, XVI, XVIII, XIX,

E. XXc-2, XXa-1, XXa-2, XXh-1, XXh-2,
XXg-2, X%X/2-2,

F. Ix"z, xI-Z' XI:I"Z,

G. XVv-2, XVI-2, XVIII-2, XIX-2,

H. IX, IX-2, XI, XI-2, XIII, XIII-2,

I. XV, Xv=2, XVI, XVI-2, XVIII, XVIII-2,
XIX, XIX-2,

Je II, III, Iva, Va, IX, IX-2, XI, XI-2,
XI1X, XI11I-2, XV, XV-2, XVI, XVI-2,
XVIII, XVIII-2,

K. II, III, Iva, va, IX, XI, XIII, XV,
XvI, XVIII,

L. I1, 111, 1v, v, IX, XI, XIII, XV, XVI,
XVIII,

M. II, III, Iva, va, IX, XI, XIII, XV,
XvI, XVIII, XXa-2, Xic-2, XXg-2,
XXh-2,

(6) The present invention relates also to compositions of
blotinylated peptides which are considered particularly
advantageous, for dlagnostic as well as immunogenic
purposes for Human Immunodeficiency Virus, and which are
advantagecusly selected from the following mixtures:

for type 1:

A. la.3, la.4, la.5, la.b
B. la.3, la.4, 1lb.1, 1b.3, 1b.§, 1b.10,
CC 1bl1' 1b-2, 1b-3' 1b.4' 1b05, 1b16'
1b.7, 1b.8, 1b.9, 1b.10
D. ib.1, 1b.2, 1b.3, 1b.4, 1b.§, 1b.10,
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AR A |




22

E. ia.3, la.4, la.5, la.b, 1b.la.

for type 2:
v b, 2¢, 24, 2e.
for types 1 and 2: . _
A. la.3, la.4, 1b.1, 2b, 2¢, 24,
B. la.3, 1la.4, 1lb.la, 2b, 24.

(7) The present invention relates also to compositions
comprising biotinylated peptides which are considered

rticularly advantageous, for dlagnostic as well as
g:munogenic purposes for Human T-cell Lymphotropic Virus
and are advantageously: selected from the . following
mixtures:

for Human T-Lymphotropic virus type I:

Peptides I-gp46-3, I-gp46-4, I-gp46-5,
I-gp46-6, I-p21-2, I-ple

£or Human T-Lymphotropic virus type II:

Peptides II-gp52-1, II-gp52~2, II-gp52-3,
I-gp46-4, II-pl9, I-p21-2.

for Human lymphotropic virus types I and II:

Peptides I-gp46-3, I-gpd6-4, I-gpd6-5, I-gpd6-6,
I1I-gpS52-1, IIgpS52-2, II-gp52-3, I-p2l-2,
I-pl9, II-pl9.

The synthesis of the peptides may be achieved in
solution or on a solid support. Synthesis protocols
generally employ t~-butyloxycarbonyl-~ or 9-
fluorenylmethoxycarbonyl-protected activated amino acids.
The procedures for carrying out the synthesis, the amino
acid activation <techniques, the types of side-chain
production, and the cleavage procedures used are amply
described in, for example, Stewart and Young, 50lid Phase
Peptide Synthesis, 2nd Edition, Pierce Chemical Company,
1984; and Atherton and Sheppard, Solid Phase Peptide
Synthesis, IRL Press, 1989,

(8) The present invention also relates to a process for in
vitro determination of antibodies using the above defined
biotinylated peptides, wherein said bioctinylated peptides
are praferably in the form of streptavidin-biotinylated
peptide complexes or avidin-biotinylated peptide complexes.

_ In the complex of streptavidin~biotinylated peptides
or avidin-biotinylated peptides, the peptides may be
biotinylated either N-terminally, C~-terminally or
nternally.

S —
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& This approach for the determination of antibodies is
H not limited with respect to peptide length and avoids the
difficulties inherent in coating peptides directly onto the
golid phase for immunological evaluation.

The use of bhiotinylated peptides, in the process of
the invention, makes the anchorage of peptides to a solid
support such that it leaves their essential amino acids
free to be recognized by antibodies.

The expression anchoring peptide to a solid support
means the attachment of the peptide to a support via
covalent bonds or non-covalent interactions such that the
peptide becomes immobilized. '

The solid support can be nitrocellulose, polystyrene,
nylon cr any other natural or synthetic polymer.

The expression "their essential amino acids are left
free to be recognized by antibodies® means that amino acid
side chains of the peptide proper are neither chemically
modified in any way nor involved in the interaction between
the peptide and the solid phase.

The use of biotinylated peptides in the process of the
invention enables said biotinylated peptides to be free.to
assune a wide range of conformations, among which at least

one is appropriate for the binding of antibodies to said
biotinylated peptides.

Any biotinylated peptide can be selected to be used in
the process of the invention. However, some of them are
able to be anchored on solid support and to react with
antibodies specifically recognizing the epitope within this
peptide even without being biotinylated and without being
involved in a complex of avidin of streptavidin. In this
case, the use of biotinylated peptides results in an
apparent increase of the antigenicity of peptides with
respect to the antigenicity observed when the peptides are
not biotinylated. The expression %apparent" is meant to
indicate an observed change obtained under similar test

conditions without regard to the absolute cause of the
phserved change. '

' By "antigenicity" is meant the property of a peptide
5.to be bound by an antibody.

¥ By "increase of antigenicity" is meant that a positive
signal is obtained for a dilution which is at least two
imes the dilution of the non-biotinylated peptides. Said
Positive signal is of the same magnitude as the one
btained for non-biotinylated peptides.

v
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In other words,. obtaining a 'positiva signal can be
obtained for a smaller amount of biotinylated peptide,
compared to the amount of non-biotinylated peptide.

The present invention also illustrated a process for
the identification of epitopes in a protein sequence
comprises the following steps:

~- the preparation of peptides corresponding to portions of
the amino acid sequence ¢f the protein or polypeptide to be
analyzed, said peptides being either contiquous, or
preferably overlapping each other, the amount of
overlapping being at least 3 amino acids, and preferably
about 6 to about 12, the length of the peptides being at
" least about 5 aminc acids and no wmore than about 50,
preferably no more than about 40 amino acids, and more
preferably from 9 to about 30 amino acids, with sald
peptides being characterized in that they are biotinylated;

- binding the peptides to a solid phase through the
interaction between the biotinyl group and streptavidin or
avidin and measuring antibody binding to the individual
peptides using classical methods.

(2) The present invention also relates to a process for
the in vitro determination of antibodies to HIV or
diagnosis of HIV infection by using a peptide composition
as defined above in an immunoassay procedure, wherein the
biotinylated peptides used are in the form of complexes of
streptavidin-biotinylated or of avidin-biotinylated
peptides.

(10) The present invention relates also to a process for
the in vitro determination of antibodies to HCV or
diagnosis of HCV infection by using a peptide composition
as defined above in an immunoassay procedure, wherein the
biotinylated peptides used are in the form of complexes of
- streptavidin-biotinylated or of avidin-biotinylated

peptides,

'(11).The present invention relates also to a process for
he in vitro determination of antibodies to HTLV I or II or

i composition as defined above in an immunoassay procedure,
b Wherein the biotinylated peptides used are in the form of
fcomplexes of streptavidin-biotinylated or of avidin-
blotinylated peptides.

. A preferred method for carrying out the in vitro
determination of antibodies is by means of an enzyme-1linked
Eumunosorbant assay (ELISA). This assay employs a solid
phase which is generally a polystyrene microtiter plate or
g§2d. The solid phase may, however, be any material which
apable of binding a protein, either chemically via a
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covalent linkage or by passive adsorption. In this regard,
nylon-based membranes are also considered to be
particularly advantageous. The &olid phase is coated with
atreptavidin or avidin and after a suitable period, excess
unbound protein is removed by washing. Any unoccupled
binding sites on the solid phase are then blocked with an
irrelevant protein such as bovine serum albumin or casein.

A solution containing the mixture or selection of
biotinylated peptides is subsequently brought into contact
with the streptavidin- or avidin-coated surface and allowed
tc bind. Unbound peptide 1is ©removed by washing.
Alternatively, biotinylated peptides are allowed to form
complexes with either avidin or streptavidin. The resulting
complexes are used to coat the so0lid phase. after 2
suitable incubation period, unbound complex is removed by
washing. An appropriate dilution of an antiserum or other
body fluid is brought into contact with the solid phase to
which the peptide is bound. The incubation is carried out
for a time necessary to allow the binding reaction to
occur. Subseqguently, unbound components are removed by
washing the solid phase. The detecticn of immune complexes
is achieved by using heterologous antibodies which
specirically bind to the antibodies present in the test
serum and which have been conjugated with an enzyme,
preferably but not limited to either horseradish
peroxidase, alkaline phosphatase, or g-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 which can be detected visually or measured

spectrophotometrically. :

Other deteéction systems known in the art may however
be employed and include. those in which the amount of
product formed is ' weasured electrochemically or
luminometrically.- The detection system may also employ
radicactively labeled antibodies, in which case the amount
of immune complex is guantified by scintillation counting
or counting. In principle, any type of immunoclogical test
for the detection of antibodies may be used, as long as the
- test makes use of the complex between either streptavidin
. gr avii:i; and (a) biotinylated peptide(s) synthesized as
escribed.

Also included are competition assays in which
streptavidin~ or avidin- biotinylated peptide complexes in
£solution are permitted to compete with the solid phase-
f bound antigen for antibody binding or assays in which free
ipeptide in solution is permitted to compete with solid
'_phasa-bound streptavidin or avidin: biotinylated peptide
icomplexes. By way of example, the mnany ¢types of
fimmunological assays for the detection and quantitation of
ptibodias and antigen are discussed in detail (Tijssen,
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, Practice and Theory of Enzyme Immunoassays, Elsevier
ress, Amsterdam, Oxford, New York, 1985).

The immunological assays may be restricted to single
piotinylated peptides. Preferably, however, a mixture of

piotinylated peptides is u§ed which includes more than one
" epitope derived from the infectious agent(s) to which the
presence of specific antibodies is to be measured.

Ancther preferred method for carrying out the im vitro
determination of antibody detection is the line immunocassay

(LIA) .

This method of antibody detection consists essentially
of the following steps:

- the antigens, in the form of biotinylated peptide:
streptavidin or avidin complexes, to be tested or used are
applied as parallel lines onto a membrane which is capable
of binding, covalently or nen-covalently, the antigen to be
tested, '

- unoccupied binding sites on the membrane are blocked with
an irrelevant proteiln such as casein or bovine serum
albumin,

-~ the membrane is cut inte strips in a direction
rpendicular to the direction in which the antigen
(biotinylated peptide) lines are applied,

~ an appropriate dilution of an antiserum or other bkody
fluid (containing antibodies to be detected) is brought
into contact with a strip to which the antigens are bound
and allowed to incubate for a period of time sufficient to
permit the binding reaction to occur, '

- unbound conponents are removed by washing the strip,

~ the detection of immune complexes is achieved by
incubating the strip with heterologous antibodies which
specifically bind to the antibodies in the test serum and
which have been conjugated to an enzyme such as horseradish
peroxidase, :

- the incubation is carried out for a period sufficient to
allow binding to occur,

- the presence of bound conjugate is detected by addition
of the required substrate or co-substrates which are
converted to a colored product by the action of the enzyme,
- the reactions are detected visually or may be quantified
by densitometry.

(12) As demonstrated in the Examples section the present
invention relates also the the use of a peptide composition
as defined above, for immunization against HIV, and/or HCV,
and/or HTLV I or II infection.

(13) The present invention also relates to a method for
preparing the biotinylated peptides used in the invention
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jnvolves the use of N-a~Fmoc-X (N-y-biotin) or N-a-Fmoc-X
(N-y-biotin) derivative, wherein X represents
NHE = CaH - COOR

(CHz) o

where n is at least 1 but less than 10 and is preferably
between 2 and 6, cne amino group being attached to the Cao
atom while the cother being attached to carbon Cy, which is
the most distal carbon in the side chain; or their esters
obtained with alcohol ROK and more particularly
pentafluorophenyl ester; ' '

- y representing position y with respect to the carbon

atom carrying the COOH group in the radical.

: This biotin derivative will be called intermediary
product, and the above-defined intermediary products are
new compounds determined according to the process of the
invention.

{(14) In an advantageous method for preparing the compounds
of the invention, the dintermediary product can be
represented by one of the following formula:
N-ag~Fmoc~ (N-y-biotin) is N-~a-Fmoc-lysine (e-biotin) or
N-a-Frnoc-ornithine (N-§-biotin)
{15) The N-terminal biotinylated peptides can be prepared
agcording ta the method which comprises the following
steps:
- addition of the successive amino acids duly protected
onto the resin to give:
Fmoc ~ AA, ..... AA,; = resin,
= deprotection of the NH,-terminal for instance by means of
piperidine,
- addition of the intermediary product:

(B}

I

Fmoc - L

through its COOH onto the NH,-terminal to obtain:

(T)
Fmoc - L ~ Mh aveew AA‘ - resj-n,
= deprotection of the NH,-terminal group of the compound
obtained, cleavage from the resin, extraction and

purification of the peptide cbtained, biotinylated at its
amino terminal, the steps of side chain deprotection and

e —————
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eptide cleavage being liable to be performed
simultaneously or separately, and particularly

deprotection of the RNH,~terminal group of the
" intermediary group, for instance by means of piperidine,

~ cleavage from the resin for instance with an acid such as
rrifluorcacetic acid, in the presence of scavengers such as
ethanedithiol, thicanisole, or anisole,

.= extraction of the peptide with a solvent such as
diethylether to remove most the acid and scavengers,

- purification, such as with HPLC to obtain:

(B)
HzN"L"AAn ss e ve AA1

Biotin can be conveniently coupled to the free amino-
terninus of an otherwise fully protected peptide chain
using alsc conventional activation procedures. Since biotin
possesses one carboxyl group and no amino groups, biotin
essentially functions as a chaln terminator. Preferred
activating agents for in situ activation include but are
not . limited to benzotriazol-1-yl-oxy-
tripyrrolidinophosphonium hexafluorcphosphate(PyBOP),
0-benzotriazol-1l-yl-N,N,N',N'~tetramethyluronium
hexafluorophosphate (HBTU), and O-(lH-benzotriazol-l-yl)=~
N,N,N!', N!'-tetramethyluronium. _
tetrafluoroborate (TBTU). The activation procedures
employing these and related compounds are known to those .
versed in the art of solid phase peptide synthesis and the
coupling of biotin does not entail a significant departure
from standard coupling protoccls.

Biotin in a pre-activated form may also be used.
Either N-hydroxysuccinimidobiotin or biotinamidocaproate
N-hydroxysuccininide ester are conveniently employed and
both are commercially available. This method of coupling
has been described by lLobl, T.J., Deibel, M.R., and Yemn,
A.W., Anal. “Biochem. " (1988) 170(2):502~511. Following
addition of the N-terminal biotin, the peptide is cleaved
from the resin in the presence of scavengers, the choice of
which will depend on the usual considerations of peptide
amino acid composition and the nature of the protecting
groups used.

(16) The carboxy terminal biotinylated peptides involved in
the process of the invention can be prepared according to a
method which comprises

- coupling of a carboxy-activated form of the intermediary
product as defined above to a cleavable linker attached to
the resin, for instance to obtain the following compound:

(B)
|
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Fmoc - L - resin,
deprotection of the & amino group of the intermediary
rcompound, for instance by means of piperidine to obtain:

HN - L - resin,

. successive addition of the subseguent amino acids AaAq....
AA, duly protected onto -

(B)
HN - L - resin,
| (B)
Fmo¢ = AA, ... AA, - Ll- resin,

to obtain:

- deprotection of the NH;-terminal for instance by means of
piperidine,

- deprotection of the compound obtained, cleavage from the
resin, extraction and purification of the peptide obtained,
biotinylated at its carboxy terminal end, the steps of side
chain deprotection and peptide cleavage being liable to be
performed simultaneocusly or separately, and particularly

- deprotection of the NH,-terminal, for instance by means .
of piperidine,

- cleavage from the resin for instance with trifluorocacetic
acid, in the presence of scavengers such as ethanedithiol,
or thioanisole, or anisole,

- extraction of the peptide with a solvent such as
diethylether to remove most of the acid and scavengers,

- putification, such as with HPLC to obtain:

(?)
_M,,....AA,"L

(17) The internally biotinylated peptides can be prepared
according to a method which comprises the following steps:

- addition of successive amino acids duly protected onto
the resin to give:

Fmoc - AA“ seane AA] - l‘esin,

= deprotection of the NH,~terminal,
= addition of the intermediary product:
(B)
|
Fmoc - L '
through its COOH onto the NH,~terminal to obtain:
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v Fmoc - L - AAn ssv e M1 - réSin,
e deprotection of the a amino group of the intermediary
i ompound, for instance by means of piperidine to obtain:

: L-Mn-oooo M1-reSin,
' addition of the subsequent amino acids duly protected
onto the resin to give: _ :
(?)

FMOC — ARy ssece AAy = L = ARy cc0ss AA( - resin,
- deprotection of the NH2 terminal group of the compound
obtained, cleavage from the resin, extraction and
purification of the peptide obtained, biotinylated at its
amino-terminal, the steps of side chain deprotection and
eptide cleavage being liable to Dbe performed
simultaneocusly or geparately, and particularly,
- deprotection of the NH,-terminus, for instance by means
of piperidine,
- cleavage from the resin for instance with trifluoroacetic
acid, in the presence of scavengers such as ethanedithiol,
or thioanisole, or anisole, :
- extraction of the peptide with a solvent such as
diethylether to remove most of the acid and scavengers,
- purification, such as with HPLC to obtain:

(B)

|
Mn tv e M“ -L - AA,, reanoe AA1

Under certain circumstances, it may prove particularly
advantageous to be able to biotinylate a peptide internally
or at its carboxy-terminus. Such instances arise, for
example, when the amino acid sequence of a peptide
corresponds to the amino-terminal sequence of a protein.
Attachment of a biotin to the amino-terminus of such a
peptide results in a structure which is significantly
different from that found in the native protein and may, as
a consequence, adversely affect the binding properties of
biochemical properties of the peptide. It is also possible
that even for peptides corresponding to internal protein
sequences, their recognition by binding proteins or
immunoglobulins may depend on which end of the peptide and
the manner in which it is presented for binding. The
importance of peptide orientation has been described by
Dyrberg, T. and Oldstone, M.B.A., J. Exp. Med. (1986)

164:1344-1349.

In order to be able to incorporate a biotinyl moiety
into a peptide in a position and sequence independent
manner, efforts were made to synthesize a suitable reagent
which can be coupled using conventional procedures. A
convenient reagent for C-termlnal or internal biotinylation
is N-e-biotinyl-lysine. Provided the a-amino group of this

ect Has Been Replaced

i



31

compound is suitably protected (Fmoc and tBoc), this
reagent may be used to introduce a biotin anywhere in the
peptide chain, including at the amino terminus, by the
standard procedures used in solid phase peptide synthesis.
The synthesls of the t-Boc-protected derivative has been
described (Bodansky, M., and Fagan, DT., J. Am. Chem. Soc.
(1977) 99:235-239) and was used to synthesize short
peptides for use in studying the enzyme activities of
certain transcarboxylases,

Unlike the t-Boc derivative, the synthesis of N-a-
Fmoc-Lys (N-¢-biotin) has not been described and given the
growing interest in Fmoc-based synthesis strategies, this
compound is considered particularly advantageous.

There are a number of possible routes which can be
taken to arrive at the desired Fmoc-protected compound.
These are shown in Figure 1. In the first approach,
commercially available N-a-Fmoc-Lys (N-e~-tBoc) can be used
as the starting material. The N-¢-tBoc protection is
removed using trifiuorocacetic acid and a scavenger such as
water, A slight molar excess of the N-a-Fmoc-lysine so
obtained is then reacted with carboxy-activated biotin. The
resulting product can be readily purified by selective
extractions and standard chromatographic techniques. In an
alternative approach, N-a-Fmoc-lys (N-e-biotin) can be
produced from commercially available N-e-biotinyl lysine
(biocytin) by reaction with fluorenylmethylsuccinimidyl
garbonate. Numerous examples of these reactions which can
be used as guidelines are given in Atherton and Sheppard,
Solid Phase Peptide Synthesis, IRL Press, 1989.

The strategy shown in Figure 1 (method A) may also be
applied to synthesize N-a-Fmoc-ornithine (N-&-biotin) from
commercially available N-a-Fmoc-ornithine (N-§-tBoc). The
ornithine derivative differs from the lysine derivative
only in the length of the side chain which; for the
ornithine derivative, is shorter by one carbon atom.
The N-a-Fmoc-Lys can be conveniently incorporated into the
peptide chain using the same reagents for 4in situ
activation described for free biotin.

Alternatively, N~-a-Fmoc~Lys (N-e~biotin)-0O-
pentaflucrophenyl ester can be conveniently synthesized
from N-a-Fmoc-Lys (N-e-biotin) and pentafluorophenyl
trifluorocacetate using the base-catalyzed
transesterification reaction described by Green, M. and
Berman, J., Tetrahedron Lett. (1990) 31:5851-5852, for the
preparation of O-pentafluorophenyl esters of amino acids.
This active ester can be used directly to incorporate N-a-
Fmoc-Lys {N-e-biotin) into the peptide chain.
The class of above-defined intermediary products can be
prepared according to a method which comprises the
following steps:
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- reaction of a diamino-, monocarboxylic acid previously
described with fluorenylmethysuccinimidylcarbonate or
fluorenylmethyl chloroformate under conditions of carefully
controlled pH to give the singly protected N-c-Fmoc
derivative,

- or alternatively, use of commercially available N-a-
Fmoc-protected diamino-monocarboxylic acids when the side
chain amino group is provided with a protecting group which
is different from the Fmoc group used to protect the a-
anino group, the side chain amino group protection being
liable to be eselectively removed under conditions which
leave the N-a-Fmoc group intact,

- purification of the mono-protected N-a-Fmoc-diamino-
monocarboxylic acid derivative by selective extractions and

chromatography,
- reaction of the derivative obtained with a carboxy-
activated derivative of blotin, such as N-

hydroxysuccinimide biotin, to obtain the (N-e-Fmoc)-(N-y-
biotin) derivative which is the desired intermediary
product, :

- purification of the intermediary product by selective
extractions, precipitations, or chromatography.

When the biotinylated peptides used in the process of
the invention are to be provided with linker arms, these
chemical entities may be conveniently attached to elither
the N~ or C-terminus of a peptide sequence during solid
phase synthesis using standard coupling protocols, as long
as the amino groups of these compounds are provided with
appropriate temporary amino group protection.

All these specific biotinylated peptides are new.
DESCRIPTION OF THE FIGURES:

All the samples and sera mentioned in the figures and
tables are randomly chosen samples and sera, containing
antibodies produced as a result of naturally occurring
infection by a viral agent.

Figure 1 represents the strategles for the synthesis
of N-a-Fmoc-lysine (N-e-Biotin).

More particularly:

Method A corresponds to the synthesis of (N-a-Fmoc-
Lys (N-e-biotin) from N-¢-Fmoc-Lys (N-e-tBoc) and
Method B corresponds to the synthesis of (N-a-Fmoc-Lys(N-
€-biotin) from N-e-blotinyl lysine.

Figure 2 represents the diagram obtained in reverse
phase chromatography of the precursors involved in the
preparation of the intermediary products defined above, and
of the intermediary compounds. ' '
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The reverse phase chromatography has been carried out
in the following conditions: .-

- gradient specifications:
buffer A: 0.1% TFA in H20,
buffer B: 0.1% TFA in acetonitrile,
column: C2/C18 reverse phase (Pharmacia, Pep~S),
detection wavelength: 255 nanometers:;
- gradient:
0% B from 0 to 1 ninute,
0% B to 100% B from 1 minute to 60 minutes,
0% B from 60 minutes to 70 minutes.

The first diagram corresponds to method A (see Figure
1) and the second diagram corresponds to method B (see
Figure 1).

Figure 3a represents the antibody binding to HCV
peptide IX (in an ELISA).
The upper left curve corresponds to sample 8320,
The upper right curve corresponds to sample 8242.
The lower left curve corresponds to sample 8243,
The lower right curve corresponds to sample 8318,

In each of these samples, the optical density (at 450
nn) is plotted against the ccating concentration expressed
in ug/ml.

The curve with crosses corresponds to non-biotinylated
HCV peptide II and the curve with dots corresponds to
biotinylated HCV peptide II.

Figure 3b represents the antibody binding to HCV
peptide XI (in an ELISA).

The upper left curve corresponds to sample 8320.
The upper right curve corresponds to sample 8326,
The lower left curve corresponds to sample 8242.
The lower right curve corresponds to sample 8243.

In each of these samples, the optical density (at 450
gm) is plottad against the coating concentration expressed
- in pg/ml.

The curve with crosses corresponds to non-biotinylated
HCV peptide XI and the curve with dots corresponds to
biotinylated HCV peptide XI.

Figure 3c represents the antibody binding to HCV
peptide XVI (in an ELISA).

The upper left curve corresponds to sample 8326.
The upper right curve corresponds to sample 8242.
The lower left curve corresponds to sample 8243.
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The lower right curve corresponds to sample B31B.

In each of these samples, the optical density (at 450
nn) is plotted against the coating concentration expressed

in pg/ml. ~

%k The curve with crosses corresponds to non-biotinylated
HCV peptide XVI and the curve with dots corresponds to
% biotinylated HCV peptide XVI.

Figure 4 corresponds to the detection of biotinylated
peptides coated directly (in an ELISA). .

The first curve corresponds to biotinylated HCV
peptide II, the second curve to biotinylated HCV peptide XI
and the third curve to biotinylated HCV peptide XVI.

In each of these sanples, the optical density (at 450
nm) is plotted against the coating concentration expressed
in #9’/ ml. .

Figure 5 represents the structures of N~ and C-
terminally biotinylated HIV-1 peptides (hereabove
designated by la.l) originating from the transmembrane (TM)
pretein of HIV-1.

Figure 6a represents the detection of core epitopes in
the Core region of HCV using overlapping 9-mers (in an
ELISA).

The sera used are indicated above each diagram.
The ordinates correspond to the optical density
at 450 nm.

The abscissae correspond to the sequence of the
protein in which the location of the epitope(s) is to be
determined. For purposes of graphic illustration, the
optical density is assigned to the first amino acid in the
respective nine-mer sequences.

Figure 6b represents the detection of core epitopes in
the NS4 region of HCV using overlapping 9-mers (in an
ELISA).

The sera used are indicated above each diagran.
The ordinates correspond to the optical density
at 450 nm.

3 The abscissae correspond to the seguence of the
E protein in which the location of the epitope(s) is to be
3dstgrmined. For purposes of graphic 1illustration, the
jOPtical density is assigned to the first amino acid in the
irespective nine-mexr sequences.
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} Figure 6c represents the detection of core epitopes in
'the NS5 region of HCV using overlapping 9-mers (in an

¥ ELISA) .

The sera used are indicated above each diagram.
The ordinates correspond to the optical density
at 450 nm.

The abscissae correspond to the segquence of the
protein in which the location of the epitope(s) is to be
determined. For purposes of graphic illustration, the
optical density is assigned to the first amino acid in the
respective nine-mer sequences.

Figure 7a corresponds to the positions of biotinylated
20-mers with respect to overlapping 9-mers (in an ELISA).

The abscissae corresponds to the protein sequence in
which the epitope(s) is to ba determined.

Figure 7b corresponds to the positions of biotinylated
20-mers with respect to overlapping 9-mers (in an ELISA).

The abscissae corresponds to the protein sequence in
which the epitope(s) is to be determined.

Figure 7¢ corresponds to the positions of biotinylated
20-mers with respect to overlapping 9-mers (in an ELISA).

The abscissae corresponds to the protein sequence in
which the epitope{s) is to be determined.

o

Figure @8 represents a comparison of antibody
recognition of biotinylated and unbiotinylated HCV peptides
by line immunoassay (LIA).

Figure 9 »represents a comparison of antibody
recognition of |Dbiotinylated core peptides by 1line
immunoassay (LIA). _

The shorter and longer peptides are compared.

Figure 10 represents an evaluation of type-specific
HCV NS4 peptides by Line immunoassay (LIA).

Figure 11 represents <the anmino acid sequence of
peptides NS4-a to NS4-e,

Figure 12 represents the composition of hybrid HCV
peptides.

Figure 13 represents the antibody vrecognition of
hybrid HCV peptides.
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Figure 14 represents the construction. scheme for

: mixotope peptides from the N-terminus of E2/NS1 of HCV type

1.
Figure 15 represents the mixotope synthesis strategy.

Figure 16 represents the synthesis of multiple antigen
peptides (MAPs). _

Figure 17 represents the recognition of E2/NS1
peptides by sera from rabbits immunized with E2/NS1 "b"
peptide MAPs.

Figure 18 represents the recognition of a commercially
available serum panel with a number of biotinylated HTLV-I
and HTIV-II peptides incorporated into LIA strips.

Table 1 ~represents the antibody recognition of
unbiotinylated HIV-1 and HIV-2 peptides (designated by TNM-
HIv-1 and TM-HIV-2) and biotinylated HIV-1 and HIV-2
peptides (hereabove referred to as la.l and 2a, and also
designated by TM~HIV-1 Bio and TM~EIV-2 Bio) in an ELISA.

Table 2 Yrepresents the comparison of antibody
recognition of unbiotinylated and biotinylated peptides
from the V3 sequence of isclate HIV~-1 mn (also referred as
1b.4) in an ELISA.

Table 3 represents the comparison of antibody
recognition of the biotinylated V3i-mn peptide (referred to
as 1b.4) bound to streptavidin and avidin, in an ELISA.

Table 4 ©represents the comparison of antibody
recognition of Dbiotinylated and unbiotinylated HCV
peptides, in an ELISA.

More particularly:

Table 4A corresponds to the antibody binding to HCV
peptide XI.

Table 4B corresponds to the antibody binding to HCV
peptlde XVI.

Table 4C corresponds to the antibody binding to HCV
peptide II.

Table 4D corresponds to the antibody binding to HCV
peptide III.

Table 4E corresponds to the antibody binding to HCV
peptide V.
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Table 4F correspands to the antibody binding to HCV
peptide IX.

Table 4G corresponds to the antibody binding to HCV
peptide XVIII.

Table 5 represents a comparison of antibody binding to
biotinylated and non-biotinylated peptides, at different
peptide coating concentrations, in an ELISA.

Table 6 represents the comparison of N- and C-
terminally biotinylated TM~HIV-1 peptide (referred to as
1a.1), in an ELISA.

" Table 7 represents a comparison of antibody
recognition of unbiotinylated and carboxy-blotlnylated HCV
peptide I.

Table 8 represents the use of mixtures of biotinylated
HIV and HCV peptides for antibody detection, in an ELISA. :

Table 9 represents sequences of the core epitopes of
the HCV Core protein.

Table 10 represents sequences of the core epitopes of
the HCV NS4 protein.

Table 11 represents sequences of the core epitopes of
the HCV NS5 protein.

Table 12 represents the antibedy binding of various
Core, NS4, and NS5 biotinylated 20-mers by 10 test sera.

Table 13 vrepresents the antibody recognition of
individual E2/NS1 peptides (percent of all sera giving a
positive reaction).

Table 14 represents the overall recognition of HIV
V3-loop peptides,

Table 15 represents the recognition of HIV peptides
acccrdlng to the geographical region.

Table 16 represents the recognition of European,
African and Brazilian HIV-l-positive sera to HIV-I V3-loop
peptides Vi-con and V3-368.

Table 17 represents the recognition of HIV-2 positive
sera to two HIV-2 V3 loop peptides.

Table 18 represents the antibody recognition of hybrid
peptides.
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All amino acid sequences are given in the conventional
and universally accepted three-letter code and where
indicated in the one-letter code. The peptide seguences
are given left to right which, by convention, is the
direction from the amino terminus to the carboxy-terminus.

A number of unconventional codes are also used to
represent chemical groups or modifications and are defined
as follows:

Group ' Code

Ac acetyl

Bio D-biotinyl

Fmoc 9-fluorenylmethoxycarbonyl
tBoc tertiary butyloxycarbonyl

EXAMPLE 1: PEPTIDE SYNTHESIS

All of the peptides described were synthesized on
TentaGel S~RAM (Rapp Polymere, Tibingen, Germany)}, a
polystyrene~-polyoxyethylene graft copolymerfunctionalized
with the acid-labile linker4-(a-Fmoc-amino-2',4'~
dimethoxybenzyl) phenoxyaceticacid (Rink, Tetrahedron Lett.
(1987) 28:3787) in order to generate peptide carboxy-
terminal amides upon
cleavage. t-~Butyl-based side chain protection and Fmoc-a-
amino-protection was used. The guanidine-group of arginine
was protected@ with the 2,2,5,7,8-pentamethylchroman-6=-
sulfonyl moiety. The imidazole group of histidine was
protected with either t-Boc or trityl and the sulfhydryl
group of cysteine was protected with a trityl group.
Couplings were carried out using preformed O~
pentafluorcphenyl esters except in the case of arginine
vhere TBTU was used as the activating agent in the presence
of 1.5 equivalents of the base N-methylmorpholine,
Occasionally, glutamine and asparagine were also coupled

"ueing TBTU activation. In these cases, the trityl-protected
derivatives of these amino acids were employed. Biotin was
coupled using either TBTU or HBTU. All syntheses were
carried out on a Milligen 9050 PepSynthesizer (Novato,
California) using continuous £low procedures, Following
cleavage with trifluoroacetic acid in the presence of
scavengers and extraction with diethylether, all peptides
were analyzed by Cl8-reverse phase chromatography.

3 EXAMPLE 2: SYNTHESIS OF N-o-Fmoc-Lys (N-¢-biotin)
E A. Method A

E: Commercially available N-g-Fmoc-L-lysine (N=-g~
f tBoc) (1.5 grams) was treated with 20 milliliters of 95%
 trifluoroacetic acid, 5% H,0 for 2 hours at room
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rature. Most of the acid was then evaporated under a
m of nitrogen. Ten milliliters of water was added and
4 olution was extracted 3 times with diethylether. The
flecous phase was then evaporated to dryness in vacuo over
;fsphorus pentoxide. The resulting powder (N-a-Fmoc-L-
Piine) wvas analyzed by reverse phase chromatography and
Pivealed a homogeneous product which was, as expected, more
fvarophilic than the starting material.

g - N-ag-Fmoc-lysine (190 mg, 0.49 mmol) was dissolved in 8
pilliliters of 0.1 M Dorate duffer, pH 8,7. N-
hydroxysuccinimidobiotin (162 mg, 0.47 mmol) was dissolved
l{in 4 milliliters of dimethylformamide and added to the
Fsolution of N-a-Fmoc-lysine. The pH was monitored and
feitrated as necessary, with NaOH. After 2 hours, the
Fsolution was acidified with HC1l to pH 2.0, at which time a

o

Fwhite precipitate was obtained,

Following extraction with ethylacetate and
I’ centrifugation, the white precipitate was found at the H20:
[ ethylacetate interface. Both phases were removed and the
i precipitate extracted twice with 10 mM HCl, once with
7 ethylacetate, followed by two extractions with
diethylether. The precipitate was dissolved in DMF and
precipitated by addition of diethylether. The crystalline
powder was then dried in vacuo over phosphorus pentoxide.
The resulting product was analyzed by reverse phase
chromatography and revealed a major peak which, as
expected, eluted later than N-a-Fmoc-Lys. A very small
peak of N-a-Fmoc~Lys was also cobserved. (Figure 2a).

B. Method B

Commercially availlable N-¢-biotinyl lysine (biocytin,
Sigma, 249 mg, 0.67 mmol) was dissolved in 8 milliliters of
1 M Na2C03 and cooled on ice. Fluorenylmethylsuccinimidyl
carbonate (222 mg, 0.66 mmol) was dissolved in 2
milliliters of acetone and was added to the biotinyl lysine
solution over a period of 30 minutes with vigorous
stirring., Stirring was continued for S5 hours at room

~ temperature. The pH was maintained between 8 and 9 by
addition of 1 M Na,CO; as necessary. The acetone was then
evaporated off under vacuum, and 1.0 M HCl was added until
the pH of the solution was approximately 2. Upon
acidification of the solution, a white precipitate appeared
which was washed twice with 10 mM KCl, twice with ethyl
acetate, and twice with diethylether. The precipitate was
dissolved in DMF and precipitated by addition of
diethylether. The crystalline powder was then thoroughly
dried in vacuo over phosphorus pentoxide. The resulting
product was analyzed by reverse phase chromatography and
revealed a major peak which eluted with the same retention
time (30.5 minutes) as the product obtained using method 1
(Figure 2b).
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B 5: METHODS FOR THE DETERMINATION OF PEPTIDES
BESONDING TO IMMUNOLOGICALLY IMPORTANT EPITOPES IN AN

R LINKED IMMUNOSORBENT ASSAY (ELISA) USING SPECIFIC
'BODIES :

,wggze peptides were to be coated directly, stock
tions of the peptides were diluted in sodium carbonate
¥sexr, PH 9.6 and used to coat polystyrene microtiter

Eies at a peptide concentration of 2 to 5 micrograms per
F111iter for 1 hour at 37°C,

'yn cases where biotinylated peptides were to be
Valuated, plates were first coated with streptavidin in
odium carbonate buffer, pH 9.6 at a concentration of 3
Kicrograms per milliliter for 1 hour at 37°C. The plates
Mere then washed to remove excess, unbound protein. A
Narking solution of the biotinylated peptide at 1 microgram
ey milliliter in sodium carbonate buffer was then added to
tlie wells of the microtiter plate and incubated for 1 hours

\ 37 e c.

! once the plates had been coated with antigen, any
remaining free binding sites on the plastic were blocked
ith casein, After washing, a dilution of the appropriate
antisera, usually 1:100, was added to the wells of the
plates and incubated for 1 hour at 37°'C,

7 After washing to remove unbound material, specific
antibody binding was detected by incubating the plates with
geat anti-human immunoglobulin antibodies conjugated to the
enzyme horseradish peroxidase. Following removal of unbound
conjugate by washing, a solution c¢ontaining H0, and
3,3',5,5'-tetranethylbenzidine was added.

Reactions vere stopped after a suitable interval by
addition of sulfuric acid. Positive reactions gave rise to
a yellow color which was guantified using a conventional
microtiter plate reader. Absorbance measurements were made
at a wavelength of 450 nanometers and all data are
expressed as an optical density value at this wavelength.

EXAMPLE 4: USE OF BIOTINYLATED HIV PEPTIDES FOR THE
DETECTION OF HIV-SPECIFIC ANTIBODIES

Experiments were performed to evaluate antibody
recognition of short, 10 amino acid-long, N-acetylated
peptides corresponding to other contained within the
transmembrane proteins of RIV-1 and HIV-2. Direct coating
of these peptides in the wells of microtiter plates gave
very poor results when antibody binding was evaluated in an
ELISA. Since it was suspected that the peptides did not
bind well to the polystyrene solid phase, the peptides were
resynthesized in the same way except that biotin was
attached to the amino terminus of the peptides, separated
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iirom the decamer peptide sequence by three glycine residues
¥ wnose function it was to serve as a linker arm. The
peptides used for the comparison were as follows:

I TH-HIv-1:
E Ac-lle-Trp~Gly-Cys—Ser-Gly-Lys-Leu~Ile~
E Cys-NH2

TM~-HIV-1 Bio
Bio-Gly-Gly-Gly-Ile-Trp~Gly~Cys—Ser-Gly~Lys-Leu-Ile~-
Cys~NH2

TM-HIV-2 _
Ac=Ser-Trp-Gly-Cys—-Ala-Phe~-Arg~Gln-val-
Cys-NH2 '

T™™~-HIV~2 Bio
Bio~Gly~Gly~Gly-Ser-Trp-Gly-Cys-Ala~Phe-Arg-Gln-vVal-
Cys—-NH2

The biotinylated peptides were loaded onto microtiter
plates which had been coated with streptavidin., Antibody
binding to these peptides was compared to antibody binding
to the unbiotinylated peptides which were coated directly
onto microtiter plates. The results are shown in Table 1.
It is evident that the biotinylated peptides from the HIV-1
or HIV-2 transmembrane proteins bound to streptavidin are
recognized very well by antisera from HIV-1 or HIV-2
infacted persons respectively. This is in contrast to the
unbiotinylated versions of these peptides coated directly
onto the polystyrene plates. Addition control experiments
showed that the increase in antibody binding was the result
of the specific interaction between the biotinylated
_peptide and streptavidin, since there was no difference in
antibody recognition of the biotinylated or unbiotinylated
peptides when both were coated directly onto the microtiter
plate.

Some peptides, particularly ones which are 15 amino
acids in length or longer, bind sufficiently to the solid
phase to allow the detectlon of specific antibodies which
recognize (an) epitope(s) present in the peptide sequence.

To ascertain whether biotinylation would also improve
antibody recognition of longer ©peptides, both the
biotinylated and unbiotinylated versions of the partial V3
loop seguence of isclate HIV-1 mn were synthesized. The
sequence and method of synthesis of both peptides were
identical except at the amino terminus. The unbiotinylated
peptide was simply acetylated whereas in the biotinylated
version, two glycine residues were added as a linker arm to
separate the peptide from the biotinyl moiety.
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The sequences of the two peptides used are as follows:

& biotinylated V3 mn peptide

% ryr-Asn-Lys-Arg-Lys-Arg-Ile-His-Ile-Gly-Pro-Gly-Arg-
1a-Phe-Tyr-Thr-Thr-Lys-Asn-Ile-Ile-Gly-NH2,

2

I piotinylated V3 mn peptide (peptide 1b.4)
'Bio~Cly-Gly-Tyr-Asn-lys-Arg-~lys—-Arg~-Ile-Hig-Ile~Cly-
fpro-Gly-Arg~Ala-Phe-Tyr-Thr-Thr-Lys~Asn-Ile-Ile- _

.

T
& The unbiotinylated peptide was coated directly onto
the wells of a polystyrene nicrotiter plate while the
iotinylated peptide was bound to wells which had
reviously been coated with streptavidin. The results shown
n Table 2 demonstrate that antibody binding to the
bioctinylated peptide is superior to antibody binding to

peptide coated directly onto the plastic.

EXAMPLE 5: USE OF BIOTINYLATED PEPTIDES - AVIDIN COMPLEXES
FOR ANTIBODY DETECTION _

Having demonstrated that antibody recognition of this
peptide is improved when the peptide is biotinylated and
bound to streptavidin, an additicnal experiment was
performed +to determine whether streptavidin could be
substituted by avidin. The results shown in Table 3
indicate that this is the case and that biotinylated

peptides bound to avidin are recognized very efficiently by
specific antibodies. ’

EXAMPLE 6: USE OF BIOTINYLATED HCV PEPTIDES FOR DETECTION
OF HCV SPECIFIC ANTIBODIES ,

In order to determine whether the enhanced antibody
recognition of biotinylated peptides was a general
phenomencn, a number of additional twenty amino acid-long
peptides wers synthesized which correspond to sequences
derived from the hepatitis C virus (HCV) polyprotein. The
amino acid sequences evaluated were as follows:

a. HCV peptide XI

Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-
Ala-Glu-Gln-Phe-Lys-Gln-1ys

b, HCV peptide XVI

Leu-Arg-Lys-Ser-Arg-Arg-Phe-Ala-Gln-Ala-Leu-Pro-Val-
Trp-Ala-Arg-Pro-Asp~Tyr-aAsn

c. HCV peptide II ,

This Sheet Has Been Replaced




A%

44

Ecin-Arg-Lys-Thr-Lys-Arg-Asn-Thr-Asn-Arg~Arg-Pro-
¥ sp-Val-Lys-Phe~Pro-Gly

HCV peptide III

_ﬁg;Asn—Thr-ASn-Arg-Arg—Pro-Gln—hsp-Val-Lys-Phe-Pro—
;4&;51y—G1y-Gln-Ile-Val-Gly

A f HCV peptide V

%;r-hrq-hys-Thr-ser—Glu-Arg-Ser-Gln—Pro-Arg-GIY'Arg'
Mrg-Gln-Pro-Ile~Pro-Lys-Val

HCV peptide IX

g'Yle-Ile~Pro-Asp-Arg-Glu~-Val-Leu-Tyr-Arg~Glu-Phe~Asp-
ju=-Met-Glu-Glu-Cys-Ser~Gln

HCV peptide XVIII

Glu-Thr-Trp-Lys~Lys~Pro-Asp-Tyr-Glu~-Pro-Pro-val-val-
‘His-Gly~-Cys~-Pro-Leu=-Pro-Pro

: In each case, two versions of the peptide were
synthesized. In the unbiotinylated version, the peptide was
acetylated at the amino terminus. The biotinylated versions
were all N-terminally biotinylated. A linker arm consisting
of two glycine residues separated the biotinyl moiety from
the amino acids comprising the HCV sequence.

The unblotinylated peptides were adsorbed onto the
wells of polystyrene microtiter plates at a concentration
of 3 micrograms per milliliter.

The biotinylated peptides were bound at a
concentration of 1 microgram per milliliter to
streptavidin-coated microtiter plates. Sera known to
contain antibodies to these peptides were used for the
evaluation and were tested at a 20~-fold dilution. The
results of these comparisons are shown in Table 4, a to g.

These results clearly indicate that antibody
recognition of biotinylated peptides bound to streptavidin
is enhanced relative to that of peptides coated directly
oento the wells of the microtiter plate.

EXAMPLE 7: INFLUENCE OF COATING CONCENTRATION ON ANTIBODY
DETECTION

To investigate further the enhanced antibody
recognition of ©biotinylated HCV peptides bound to
streptavidin or avidin as compared to direct adsorption on
plastic, the influence of peptide coating concentration was
investigated. Three peptides (HCV peptides II, XI, and XVI)
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Qere coated in concentrations ranging from 10 nanograms per
nilliliter to 3 micrograms per milliliter in a volume of
Fro0 microliters per microtiter plate well. For direct
Fsoating, the unbiotinylated versions of these peptides were
Fused. The biotinylated versions of these peptides were used
F'to coat wells to which streptavidin had previously been
& adsorbed. Sera known ¢o contain antibodies to these
~ peptides were used at a dilution of 1 to 100 to evaluate

the magnitude of antibody binding.

The numerical results of this experiment are shown in
Table 5 and are depicted graphically in Figure 3, a-c.

It is evident <that with few exceptions, the
blotinylated peptide is recognized very well even at the
lowest concentration tested (10 nanograms per milliliter, 2
' nanograms per well). In many cases, optical density values
- close to the maximum attainable are observed at a peptide
concentration of only 30 nanograms per mnilliliter (6
nanograms per well)., In contrast, however, the
unbiotinylated peptides adsorbed directly onto the plastic
are poorly bound by antibody, 1f at all.

EXAMPLE 8: INFLUENCE OF BIOTINYLATION OF PEPTIDES O
COATING EFFICIENCY OF THE PEPTIDES ON A SOLID PHASE :

To determine if the absence of a signal was due to
lack of peptide adsorption when the peptides were coated
directly, an additional experiment was performed. In this
case, the biotinylated versions of the peptides were coated
directly onto the plastic at the same concentrations used
in the previous experiment for the unbiotinylated versions.
To ascertain whether biotin-labeled peptide was bound, the
microtiter plates were incubated with a streptavidin:
horseradish peroxidase conjugate. Since each peptide
contains a single biotinyl group, the resulting optical
densities are a measure of the amount of peptide bound,
although the absolute amount of bound peptide is not known.
'The results presented graphically in Figure 4 demonstrate
that plastic-bound peptide can be detected. As expected,
the curves are different for each peptide which i1s a
reflection of their chemical uniqueness. Two of the
peptides, HCV peptides XI and XVI, appear to bind only
weakly to the wells of the polystyrene microtiter plate and
this poor binding is reflected in the low optical density
values obtained in the ELISA. Since the binding of the
biotinylated peptides to streptavidin-coated wells results
in very good antibody recognition, it is obvious that poor
binding of the peptide to the solid phase is not a
limitation when use is made of interaction between biotin
and streptavidin.

On the other hand, one of the peptides, HCV peptide
II, ehows very significant binding to the solid phase,
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{cularly at higher coating concentrations. However, at
oating concentration did the signal obtained when the
Joptide was. coated directly ever equal the signal obtained
g on the biotinylated peptide was bound to streptavidin,
Bsiice even at the lowest concentration tested, the
prevreptavidin-bound biotinylated versions of this peptide
Flearly gives a positive signal with the antisera testedq,
Ekre results would seem to indicate either that the direct
Ksoating of this peptide is extraordinarily inefficient or
that other factors are important besides the simple binding
¥of peptide to the solid phase.

Although difficult to quantify, one of the factors
Falnost certainly involves the manner in which the peptide
Bi{s bound and available for antibody binding. In the case of
fmeptides coated directly onto the solid phase, it 1is
irtually inevitable that some proportion of the peptide
olecules will interact with the solid phase through amino
~acid side chains which are also essential for antibody
‘recognition. These peptide molecules will therefore be
unable to participate in the binding reaction with
‘antibodies, This problem is not encountered with the
biotinylated peptides which are all bound to the solid
‘phase through the interaction between biotin and the solid
phase~bound streptavidin.

EXAMPLE 9: USE OF C-TERMINALLY BIOTINYLATED HIV PEPTIDES
FOR SPECIFIC ANTIBODY RECOGNITION

‘ In order to determine whether the peptides
biotinylated at their carboxy-terminus also give use to
enhanced antibody recognition, a = carboxy-biotinylated
version of the TM-HIV-1 peptide was synthesized. N-a-
Fmoc-Lys (N-e-biotin) prepared by method A as described was
coupled directly to resin functionalized with the acid
lablle linker 4-({a-Fmoc~amino-2',4'~dinethoxybenzyl)
phenoxyacetic acid after removal of the linker-bound Fmoc
group with 20 percent piperidine. The coupling was
performed using a 3-fold molar excess of N-a~Fmoc-Lys (N-
€~biotin) relative to resin functional groups. Carboxyl
group activation was achieved using one egquivalent of HBTU,
one equivalent of l-hydroxybenzotriazole and 1.5
equivalents of N-methylmorpholine. N-methyl morpholine was
dispensed as a 0.6 M solution in dimethylformanmide
containing 40 percent dimethylsulfoxide which was necessary
to achieve complete dissolution of the N-a-Fmoc-Lys (N-e-
biotin)., Inspection of the Fmoc deprotection peak following
coupling of the N-a-Fmoc-Lys (N-é-biotin) indicated that
coupling had proceeded smoothly and efficiently. Two -
glycine residues were coupled to separate the biotinyl
lygine ¢from the TM~-HIV-1l amino acid seguence. Following
synthesis of tle peptide, the amino terminus was acetylated
with acetic anhydride. The resulting structure of the
carboxy-biotinylated peptide differs significantly from the
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Feptide biotinylated at the amino terminus. A comparison of
Phese structures is shown in Figure 5,

B In order to evaluate antibody recognition of these two
Teptides, the peptides were bound individually to
betreptavidin-coated microtiter plates and tested using a
¥oanel of antisera from HIV-1 sercpositive donors. The
¥results of this comparison is shown in Table 6. Clearly,
¥ antibody recognition of the C-terminally biotinylated
f peptide compares very favorably with that of the N-
erminally biotinylated peptide. These results also confirm
the utility of the reagent N-a-Fmoc-lys (N-e¢-biotin) for
carboxy~-terminal biotinylation.

EXAMPLE 10: COMPARISON OF ANTIBODY RECOGNITION OF HCV
FEPTIDE I, COATED DIRECTLY (UNBIOTINYLATED) OR BOUND TO
STREPTAVIDIN-COATED PLATED (CARBOXY-TERMINAL BIOTINYLATION)

A similar experiment was performed using a peptide
which binds relatively well to polystyrene ELISA plates in
order to determine whether the carboxy-biotinylated form of
the peptide would result in superior antibody recognition
relative to the unbiotinylated form of the peptide. The
peptide chosen was HCV peptide I, which was synthesized in
the following versions:

a., unbiotinylated version:

H2N-Met-Ser-Thr-Ile~-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-—
Arg-Asn~-Thr-Asn-Arg-Arg-Pro-Gln-CONH2

b. carboxy-biotinylated version:

H2N-Met~-Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys~
Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-~Gly-Gly-Lys (Bio) =
CONH2.

A spacer consisting of two glycine residues was added
at the carboxy~terminus to physically separate the HCV
portion of the peptide proper from the Lys(N-e-Bio).
Synthesis was performed on resin functionalized with 4-(a~
Fmoc-amino=-2',4'-dimethoxybenzyl) phenoxyacetic acid linker
in order to generate carboxy-terminal amides upon cleavage.
Coupling of the N-a-Fmoc-Lys(N-e-biotin) to the linker was
performed using a 3-fold molar excess of the intermediate
product relative to the linker. Activation of the N-o-
Pmoc~Lys (N-e-biotin) was achieved using one eguivalent of
TBTU, one equivalent of 1-hydroxybenzotriazole, and 1.5
equivalents of  N-methylmorpholine. The coupling of all
other amino acids was performed according to conventional
protocols., Following cleavage of the peptides in
trifluorocacetic acid in the presence of the appropriate
scavengers, the peptides were precipitated and extracted
with diethylether.
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Unbiotinylated HCV peptide I was coated directly onto
- the wells of a polystyrene ELISA plate at a concentration
. of 3 micrograms per milliliter in sodium carbonate buffer,
pH 9.6. Biotinylated HCV peptide I was bound to
. streptavidin-coated wells using a stock solution containing
the peptide at a concentration of 1 microgran per
milliliter. The resulting plates were then incubated in
parallel with a panel of sera from HCV-seropositive donors.
The results of this comparison are shown in Table 7. The
piotinylated peptide clearly  gives superior results
relative to the unblotinylated <version of the same
sequence. Two of the sera (8326 and 8244) recognize the
blotinylated version of this peptide far better than the
unbiotinylated version. The specificity of the antibody
reaction is also reflected by the low optical density
values obtained for 5 serum samples from uninfected donors
(r88, Fas9, F76, F136,and F6). '

P

a
5
P

EXAMPLE 11¢ USE OF MIXTURES OF BIOTINYLATED HIV AND HCV
PEPTIDES

In many cases, the use of mixtures of peptides is
required to give the desired result. Mixtures of peptides
may be used for the detection of antibodies directed
against one or more proteins of a single virus, or for the
detection of antibodies directed against proteins of
several viruses in a single test. Such tests are
considered particularly advantageous for the screening of
blocd donations for their suitability for wuse in
transfusions and as a source of blood products. In such
cases, ELISA plates or other solid supports coated with
suitable mixtures of peptides may be used to screen samples
for the presence of antibodies to one or more infectious
agents whose presence would render the sample unsuitable
for use, For the diagnosis of specific infectious agents,
appropriate mixtures of peptides are required in order to
obtain accurate determinations. Antibodies to individual
viral antigens derived from one or more infectious agents
may be individually detected and identified simultaneously
when use is wmade of test systems in which individual
peptides or mixtures of peptides are bound to the solid
phase but are physically separated as <they are, for
example, in the line immunocassay, such that individual
reactions can be observed and evaluated. Such tests require
the use of an appropriate combination of peptide mixtures
to achieve the desired result.

It is frequently preferable to use mnmixtures of
peptides rather than a single peptide for the diagnosis of
ongoing or past infections. Since individual responses to
single epitopes may be gquite variable, more reliable
results are often obtained when several immunologically
important epitopes are present in the antibody test.
However, since each peptide is chemically unique, it is
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grequently difficult to incorporate all of the desired
‘peptides into one test, particularly when the peptides are
to be coated directly onto the solid phase. Not all
peptides are capable of binding to the solid phase and the
peptides in the mixture may also exhibit very different
optimal coating conditions in terms of pH, lonic strength,
and buffer composition.

To determine how well biotinylated peptides would
function in a mixture when bound to streptavidin- or
avidin-coated plates, two mixtures were made af the N-
terninally biotinylated versions of the HIV-1 peptides TM-
HIV-1 (hereabove referred to as la.l) and V3-mn (hereabove
referred to as 1b.4), the RIV~2 peptide TM~HIV-2 (hereabove
referred to as 2a), and the hepatitis C virus peptides 1I,
IX, and XVIII. Mixture A contained each of the six
bictinylated peptides at a concentration of 1 microgram perxr
milliliter (6 micrograms per milliliter peptide, total)
while in wmixture B, each peptide was present at a
concentration of 0.1 microgram per milliliter (0.6
microgram per milliliter peptide, total). The individual
peptides were coated at a concentration of 1 microgram per
milliliter. For purposes of comparison, mixtures A and B
were also coated directly onto the wells of a microtiter
plate. Samples from HRIV-1, HIV-2, and HCV~-sercpositive
donors were tested and compared to sera from seronegative
blood donors. A cut~-off absorbance value of 0.250 was used
to determine whether a reaction was positive or negative.
Absorbance values equal or greater than 0.250 were
considered positive while absorbance values below this
value were considered negative. The zresults of this
experiment are shown in Table 8. '

Based on the reactions to the individual peptides, all
of the HCV serum samples were negative for antibodies to
either HIV-1l or HIV-2. One HIV-2 sample (no. 1400) had
antibodies to HCV peptide XVIII. Of the HIV samples tested,
there was no indication of cross reactivity and the ELISA
based on individual peptides is specifiec.

Both wixtures A and B gave good results when bound to
avidin-coated nmicrotiter plates. As expected, these
nmixtures were recognlzed by HIV-1l, HIV-2, and HCV-positive
sera but not by sera from seronegative blood donors. In
contrast, when these mixtures were coated directly onto the
microtiter plates, the results were considerably less
satisfactory, with many samples giving a reaction which
fell below the cut-off value applied. These results serve
to illustrate quite convincingly the enhanced immunological
recognition of biotinylated peptides bound to avidin as
compared to peptides coated directly onto the solid phase
as well as the advantages of using mixtures of peptides for
multiple antibody detection.
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"'r, EXAMPLE 12 USE OF BIOTINYLATED PEPTIDES FOR MAPPING OF
*- EPITOPES IN DIAGNOSTICALLY USEFUL REGIONS OF HCV

It was demonstrated in Example 6 that several
diagnostically important regions of the HCV polyprotein,
such as Core, NS4, and NS5, can be identified using
overlapping 20-mer biotinylated peptides, Extensive
gerological testing identified the most useful 20-mer
biotinylated peptides which permitted to develop a line
immunocassay utilizing these blotinylated peptides. However,
it was desirable to know more exactly where in these 20
amino acid-long sequences the epitopes were located. One
reason is that, i1f shorter sequences c¢ould be identified,
it would be possible to make synthetic peptides containing
two or three epitopes without the peptide beconming
prohibitively long.

Epitopes present in a position of the putative HCV
proteins were mapped using the method originally described
by Geysen, H.M., Meloen, R.H., and Barteling, §.J.; Proc.
Natl, Acad, 8Sci. USA (1984) 81:3998~4002. Consecutive
peptides nine amino acids in length with an eight amino
acid overlap were synthesized on polyethylene bpins
derivatized with a non-cleavable linker. This peptide
length was chosen because it is larger than the size of
typical linear epitopes which are generally betwesen 5 and 7
amino acids in length. By synthesizing 9-mers, the
probability that epitopes would be missed was minimized.

The regions in the HCV polyprotein which were scanned
contain Core sequences (aa. 1 to 80), NS4 (aa. 1688 to
175%5), and NS5 (aa. 2191 to 2330). These regions correspond
to the previously determined 20-mers: Peptide I to VII
(Core 1 to 13), Peptide VIII to XIV (NS4~1 to 9), and
peptide XV to XIX (NS5-13to 33).

Following synthesis, all peptides were N-acetylated
prior to side chain deprotection in order to remove the
unnatural positive charge at the amino terminus,

The peptides were then assayed for their ability tc be
racognized by antibodies present in sera from BECV
seropositive donors. The results of these experimenta are
shown in Fiqure 6a to 6c. The optical density values shown
are the average of duplicate determinations and have been
assigned to the first amino acld of the 9-mer sequence.

The antibody binding profiles for 10 different HCV
sera are shown in figure 6a. It is clear that the core
protein of HCV presents well-defined linear epitopes which
are readily stimulated by synthetio peptides., At least
superficlially, most sera appear to give very esimilar
patterns. Closer inspection, however, reveals that there
are individual differences. The various regions of the HCV
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f.ore protein which are recognized by antibodies are perhaps
Fmore properly termed epitoplc clusters rather than epitopes
fas such, since each region is undoubtedly composed of
F geveral overlapping epitopes which are difficult, if not
E' {mpossible, to distinguish using polyclonal sera. An
I attempt was made to identify core epitopes in each of the

epitopic clusters. Used in this sense, the word "core"”
refers to the mninimal amino acid sequence recognizable by
" antibodies. It should be emphasized, however, that amino
- acids in “addition to the core sequence may improve

reactivity particularly in the case of polyclonal sera. An
analysis of the epitopes is given in Table 9. By comparing
the reactions of the various sera, subdomains of epitopic
clusters could be identified. Some sera react predominantly
with one subdomain and not with others, while other sera
recognize all of the subdomains but still allow the
gubdomains to be distinguished because each forms 2
~ ghoulder in the large peak which defines that particular

epitopic clusters. Table 9 and Figure 7a shows the
jocations of the core epitopes with respect to the
sequences of the 20-mers.

The series of 9-mers corresponding to each of the 20~
mer Core peptides are shown in Figure 7a together with the
placement of each of these sequences in relation to an
antibody recognition profile for one of the antisera

tested.

The antigenic profiles for the NS4 protein obtained
with the 10 sera are shown in Figure 6éb. In general, the
reaction of these sera with the S-mers was less pronounced
than with the peptides from the Core protein. It was,
nevertheless, still possible to identify epitopic regions
in the N-terminal sequences of the viral NS4 protein. The
core sequences of these epitopes are analyzed in Table 10
and show their relation to the 20-mer synthetic peptides
which are dlagnostically important in this region. The 9-
mers corresponding to the different 20-mers are shown in
Figqure 7b together with their placement in relation to an
exanple of an antigenic profile. It can be seen that the
20—?ers correspond gquite well to the epitopes in this
region.

The portion of the NS5 protein which was scanned
corresponds to the region covered by the 20-mer peptides 13
to 33. The antigenic profiles obtained in this region are
ghown in Figure 6c. Again, an attempt was made to define
core epitopes and these are listed in Table 11. DLittle
antibody binding was observed in the amino terminal portion
of this sequence. In Figure 7¢, the 9-mers corresponding to
the 20-mer peptides N55-21 to KS5-31 are listed and their
positions are shown relative to one of the antigenic
profiles.
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In particular, it is apparent that, the importance of
the sequence represented by HCV peptide XVI (NS5-27) would
be severely underestimated based on the results obtained
with the overlapping 9-mers., The Iimportance of <this
sequence would also be underestimated if unbiotinylated HCV
peptide XVI (NSS5-27) were evaluated in an ELISA following
direct coating onto the microtiter plate {(see Table 4B).
However, the biotinylated version of this peptide when
bound to streptavidin~ or avidin-coated plates reveals the
presence of a very important epitope which is of diagnostic
value. -

In contrast to the often weak binding observed with
the 9-mers, the binding with the 20~mers was frequently
quite strong (see table 12). In several cases the
differences are dramatic. For example, serum 8241 does not
recognize any of the S-mers, whereas the binding to the
peptides HCV2 (peptide IX) and HCV5 (peptide XI) is very
strong. Moderate binding was also observed to the peptide
HCV7 (peptide XIII). This would seem to indicate that there
is an important structural component to these epitopes
which is present in the 20-mers but which is absent in the
9-mers. _

EXAMPLE 13 USE OF BIOTINYLATED PEPTIDES FOR IDENTIFICATION
OF EPITOPES IN THE N-TERMINUS OF NS1 REGION OF HCV LINE
IMMUNOASSAY

Epitopes can also be identified using the 1line
immunocassay (LIA). In general, unbiotinylated peptides bind
better to nylon membranes than to polystyrene ELISA platas. .
Nevertheless, biotinylated peptides complexed  with
streptavidin or avidin give superior results in the line
immunocassay than do their unbilotinylated counterparts bound
directly to the membrane. In order to illustrate this,
unbiotinylated and N-terminally biotinylated versions of
HCV peptides XXg-1 and XXg-2 were synthesized. The
unbiotinylated peptides were applied to the membrane as a
stock solution containing 100 micrograms per milliliter
peptide, whereas the biotinylated peptides were bound to
streptavidin and applied as a stock solution of 100
micrograms per milliliter <complex. The amount of
biotinylated peptide in the stock solution was therefore
approximately 10 micrograms per milliliter. Three human IgG
- control lines were also applied to the strips in order to
assist in evaluating <the intensity of the reactions.
Following application of the antigen lines, excess binding
sites on +the menmbrane were blocked with casein in
phosphate-buffered saline. The membrane was subsequently
cut into strips perpendicular to the direction in which
.the antigen lines were applied and the resulting strips
were incubated with a panel of sera from HCV-gercpositive
donors., Bound antibody was detected visually using goat
anti-human IgG antibodies conjugated to the enzyme alkaline
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hosphatase  after  addition of  S5-bromo-4-chloro-3-
§indolylphosphate and Nitro Blue tetrazolium. The results
"are shown in Figure 8. '

The specificity of the reactions is demonstrated by
I the absence of detectable antibody binding to any of the
i gcv peptides by three sera (33, 34, and 35) obtained from
HCv-seronegative donors. The reactions of sera 1 to 32 to
the unbiotinylated HCV peptides XX-1 and XX-2 are generally
absent or exceedingly weak. In contrast, many of the sera
tested recognized the biotinylated versions of these
peptides when complexed to streptavidin. The antibody
reactions to the biotinylated peptides are significantly
stronger in spite of the fact that only approximately one-
tenth the amount of peptide was present in these stock
solutions compared to the amount present in the stock
solutions of the unbiotinylated peptides. The results
obtained using the biotinylated peptides demonstrate the
presence of a diagnostically useful epitope in these
peptide sequences which is " not evident when the
unbiotinylated versions of the peptides are used.

A total of 8 sequences spanning the hypervariable N-
terminus of the HCV E2-NS1 region (aa 383 to 416 of the HCV
polyprotein) of different HCV isolates were chosen for
further evaluation. These aligned sequences (One-letter
code) are as following: :

XXa GETYTSGGAASHTTSTLASLFSPGASQRIQLVNT (1)
XXb GHTRVSGGAAASDTRGLVSLFSPGSAQKIQLVNT (2)
XXc GHTRVTGGVQGHVTCTLTSLFRPGASQKIQLVNT (3)
XXd GHTHVTGGRVASSTQSLVSWLSQGPSQKIQLUNT (4)
XXe. GDTHVTGGAQAKTTNRLVSMFASGPSQKIQLINT (5)
XXf AETYTSGONAGHTMTGIVRFFAPCPKONVHLINT (6)
XXg AETIVSGGQAARAMSGLVSLFTPGAKQNIQLINT (7)
XXh AETYTTGGSTARTTQCLVSLFSRGAKQDIQLINT (8)

These sequences are derived from isolates described by
the following groups:

(1) Hijikata et al., Biochem. Biophys. Res. Comn.
175:220~228, 1991,

(2) unpublished results _

(3) Hijikata et al,, Biochen. Biophys. Res. Comm.
175:220-228, 1991,

(4) Kato et al., Proc. Natl. Acad. sci. USA B87:9524-9528,
198%0.

(S) Takamizawa et al., J. Virology 65:1105-1113, 1991.

{(6) Weiner et al., Virology 180:842-848, 1991.

(7) Okamoto et al., Japan. J. Exptl. Med. 60:167-177, 1990.
(8) Kremsdorfl et al., Abstract V64, Third International
Symposium on HCV, Strasbourg, France, September, 1951.
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§ince the sequences are rather long and because secondary
structure - related dirfficulties were predicted to occur
during synthesis, it was decided to split the sequences
intc two overlapping parts ("a'= amino acid 383 to 404 and
wp= amino acid 393 to 416 of the HCV polyprotein).
subdividing the sequence alsc allows the position of the
epitopes to be more accurately defined.

All of the peptides were N-terminally biotinylated,
complexed with streptavidin and used to prepare LIA-strips
(data not shown). .

When only the LIA-positive samples are considered, the
detection rate on the E2/NS1 peptides was found to be on
the order of 90 percent. The correlations Dbetween
recognition of the E2/NS1 peptides and LIA reactivity as
well as the scores for the individual peptides are shown in
Table 13. It was also clear from the observed reactions
that the primary epitope in this sequence is 1located
towards the carboxy-terminus of the hypervariable region.
There were exceptions to this, however. Each serum appeared
to have its own recognition pattern which underscores the
importance of using a mixture of different sequences if
this epitope is to be included as a line in the LIA. It
would also appear that either there is a considerable
degree of crossreactivity between the type la and type 1b
sequences, or that most people are doubly infected. It is a
sinple matter to distinguish Dbetween these two
possibilities by selectively removing the antibodies which
bind to one sequence and looking to see what the effect is
on antibody recognition of the other sequences. A number of
samples gave a rather weak reaction to one or more E2/NS1
peptides but were LIA negative. While most probably false
positive reactions, these sera may also be from people who
where previously infected but who have resolved the
infection.

EXAMPLE 14: USE OF COMBINED HCV PEPTIDES FROM THE CORE
REGION OF HCV FOR THE DETECTION OF ANTIEODIES BY LIA

In order to reduce the overall number of peptides in a
HCV ELISA or LIA, biotinylated peptides can be synthesize
which span other immunologically important peptides.
Examples of such "combined" HCV peptides from the core
protein NS3 region of HCV are given below:

_ —
Saquencs S
« 1 (I) MSTIPAEKPQRETRRNTNRRPQ
2 (1D XPQRRETXRNTNRRP -
3 l1tny RNTHRRRPRQDVEFPGGGQIVE
MBTIPRKPQRRXTKRNTNRRPQIDVEKFFGGAQIVaA
(3va) | VAGVYLLPRRGPRLGVRATR
7 IV LPRAGPRLGVRATRETSERS
ore 8 (v) TRETSERSQPRGEGRRQPIPRYV
e 10 (VI RSQPRCRRQPIPEVRRPEGR
OOVYLLPRROPRLGVRATRITSERSQPRGRRQPIPEKVRR

|
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11 of these peptides have been provided with a Gly-Gly
gpacers and a biotin at the amino terminus. The peptides
b ere evaluated in a line immuncassay experiment (LIA) and
Fcompared to the shorter core peptides. The results are
fshown in Figure 9. The longer core peptides compare very
B favorably to the shorter peptides and consistently give a
fmore intense reaction. This is could be explained if (i)
% the longer peptides incorporate two or more epitopes which
I were previously spread over two separate peptides and/or
b (2) there 1s any conformational contribution which may be
B¢ more prominent in the longer peptides.

EXAMPLE 15: USE OF COMBINED HCV PEPTIDES FROM THE NS4 AND
NSS REGIONS OF HCV FOR THE DETECTION OF ANTIBODIES BY LIA

Other peptides combine seguences in NS4 and NS5 which
are as following:

R #’- — e — i N
— —
——
/

. I Peptide Sequence
NS4-5 (X1} SOCHLPYIEBEBQGCMMLAEQFXQX :
ns4-7 {XIII) LAEQFXQKALIQLLOQTASRQA
N841-857 S.QHLPYI:QOM“&AEQFKQEA&GLLQTESIQK
NS5-28 (XV) EDEREISVPAEILRXSREREFA
N§5-27 (XVI) LRESRRFAQALPVWARDDYN
NE5-2527 EDERE!SV?iEILRKsREFAQlBPVwLnFDYN

The general advantage in using the longer peptides lies in
the fact that their use in an ELISA or LIA leaves more
space for the incorporation of other peptides carrying
immunologically important epitopes.

EXAMPLE 16: USE OF TYPE-SPECIFIC HCV NS4 PEPTIDES FOR THE
DETECTION OF ANTIBODIES BY LIA

Equivalent peptides containing HCV type 2 and type 3
NS4 sequences which correspond to the type 1 peptides found
to contain epitopes in NS4 were synthesized, The seguences
of these peptides are shown below for comparison:

“ Pepcide Sequence
us4-1 (1) LIOGXKPAIIPDREVLY
NS‘-I(_Z_) VNQRAVVAPDEKEVLY
NR4.5 (1) SQHLPYIEBEQOGMMLAER
NS4-5 (2} ASRAALYEZEGQRIAXE
N84-2? (1) LAEZQFKQXKALOLLQT
NS4-7 (2) IAENLESKIQALLQQ

LIA strips were prepared using these nine peptides which
were subsequently incubated with different sera. The
results are shown in figure 10. Two of the sera which were
previously negative on type 1 NS4 peptides gave a positive

i
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ffaction to the type 3 and type 2 peptides. This indicates
Rt it is possible to increase the NS4 detection rate
faing these peptides.

E;QHPLE 17: USE OF BICTINYLATED PEPTIDES FROM THE V3 LOOP
FREGION OF GP120 OF DIFFERENT HIV-1 TISOLATES IN A LINE
'IMMUNOASSAY FOR THE DETECTION OF HIV ANTIBODIES

3 In order to determine the general dlagnostic value of
fthe V3 loop region of gpl20, nine peptides derived from
fenis  region of nine different KIV-1 isolates were
f synthesized and included in a LIA. All nine peptides were
| provided with a Gly-Gly spacer and an N-terminal biotin.
i The aligned peptides (one-letter amino acid code) sequences
I are as following:

CON NNTRKSIHI~-GPGRAFYTTGEIIG 23
R SF2 NNTRKSIYI~-~-GPGRAFHTTGRIIG 23
¥ sC NNTTRSIHI--GPGRAFYATGDIIG 23
MN YNKRKRIHI~~GPGRAFYTTKNIIG 23
RF NNTRKSITK--GPGRVIYATGQIIG 23
MAL NNTRRGIHF--GPGQALYTTG~IVG 22
BH NNTRKSIRIQRGPGRAFVTIGKI~G 24
ELI QNTRQRTPI-=GLGQSLYTT-RSRS 22
ANT70 QIDIQEMRI--GP-MAWYSMG-IGG 21

The peptides were mixed with streptavidin in a slight meolar
eXCess over biotin binding sites and the
peptide:streptavidin complexes were separated from unbound
material over Sephadex G-25. Material eluting in the void
volume was used in the preparation of the LIA.

A total of 332 sera were. tested which had been
obtained from various geographical regions. Since it is
known that virus strains isolated in Europe or North
America exhibit less strain-to-strain variability than
African isolates, geographical differences in the V3-loop
sequence recognition were to be expected, The reactions of
the various 1lines were evaluated as positive (i) or
negative (o) (data not shown).

A complete evaluation of the sera is given in Table
14. In total, 307 of the 332 sera gave a reaction to at
least one peptide on the V3-loop LIA. Those sera which
falled to give a reaction to any peptide on the V3-loop LIA
were tested by Western Blot to determine whether the sera
were indeed positive for anti- HIV-I antibodies. It was
found that 6 sera were in fact negative. The total number
of positive sera tested was therefore 326, There were,
however, 19 sera which contained antibodies to gpl20 which
failed to react with any of the Vi-loop LIA, the percentage
of sera giving a positive reaction was, in global terms,
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,;;*, There '.were, however, significant geograpnical
faifferences. ‘These differences are shown in Table 15.

b, The total ﬁercentage of sera from !the different
;geographical“regions giving at least one positive réaction
bcan be summarized as follows:

European 100%
African 94%
Brazilian 92%

+additional evaluations with European samples indicate that
this percentage 1s, in fact, some what less than 100% (data

ot shown). African samples which failed to give a reaction
in the LIA have not been tested by Western Blot to confirm
‘the presence of other HIV antibodies.

That the Eurcpean sera would score well was expected.
e lower score obtained for the African sera was also not
itotally unexpected, since it is known that there is more
‘viral heterogeneity in Africa. Since V3-loop sequences of
African strains of HIV have not heen as extensively
characterized as the BEuropean or North American strains, it
is clear that we either do not have a representative
' sequence, or that attempting to¢ characterize African
'strains in terms of a consensus sequence is not possible
“axercise since there is too much sequence divergence. The
results obtained with the Brazilian sera were unexpected
“since nothing has ever been reported concerning BRIV
wvariability in Brazil. From these results, it appears that
the situation in Brazil more closely resembles the
tuation in Africa and not the situation in North America
or Europe.

m:nple 18: IMPROVED DETECTION OF HIV~1 ANTI-V3 DOMAIN

FANTIBODIES IN BRAZILIAN SERA USING A V3 SEQUENCE DERIVED
EFROM A BRAZILIAN ISOLATE,

* Brazilian serum samples which failed to recognize any
HIV~1 V3 loop sequences present on the previously described
LA strips but which were positive for antibodies which
[fecognized the HIV-1 gpl20 protein on Western blots were
g8lected for further study. In one of these samples, V3
JWOp sequences of virus present in the serum sample could
amplified using the polymerase chain reaction using
mers derived from the mwore constant regions flanking the
pervariable domain. The resulting DNA fragment was
wutequently cloned and the nucleotide sequence was
Etermined. A peptide corresponding to the deduced amino
1dr sequence encoded by this fragment was synthesized and
pted for its ability to be recognized by various HIV~-1

ibody-positive sera. The sequence of this peptide was
follows:

R

il




g R

- 58
.eptide V3-368:

fAsn Asn Thr Arg Arg Gly Ile His Met Gly Trp Gly Arg Thr Phe
fryr Ala Thr Gly Glu Ile Ile Gly

%A spacer consisting of two glycine residues was added to
b the amino terminus. Thereafter, the resulting N-terminal
E glycine residue was biotinylated. The ability of European,
f African, and Brazilian HIV-1 antibody-positive sera to
- recognize this peptide was investigated and compared to the
§ ability of these same sera to recognize the consensus
. sequence peptide in an ELISA. The two peptides were also
i evaluated together as a nixture. These results are
. gummarized in table 16. These results demonstrate that
with sera of European or African origin, the Vvi-368 peptide
does not result in an increased anti-v3 1loop antibody
detection over that which is observed with the Vicon
peptide. In contrast, the use of the V3-368 peptide
results in a marked improvement in V3 antibody detection
with Brazilian sera. Although this peptide is recognized
less frequently than the V3con peptide, the two peptides
complement each other to raise the detection rate from 83.3
percent using the Vicon peptide alone to 97.2 percent when
the two peptides are used together.

Example 19 ¢ ANTIBODY RECOGNITION OF HIV-2 V3 LOOP
SEQUENCES :

The outer membrane glycoprotein of HIV-2 (gpl0S) is
similar to that of HIV-1 with respect to its organization.
Like the gpl20 protein of HIV-1, the gpl05 protein of HIV-2
consists of domains of variable sequence flanked by domains
of relatively conserved amino acid sequence. In order to
detect antibodies specific for the V3 dowmain of HIV-2
produced in response to infection by this virus,
biotinylated peptides were synthesized corresponding to the
V3 sequences of the HIV-2/SIV isolates GBl2 and isolate SIV
mm 239 (Boeri, B., Giri, A., Lille, F. et al.; J. Virol.

(1992) 66(7):4546-4550). The segquences of the peptides
synthesized are as follows:

V3=-GBl2:

Asn Lys Thr Val Val Pro Ile Thr leu Met Ser Gly Leu Val Phe
His Ser Gln Pro Ile Asn Lys

V3-239:

Asn Lys Thr Val Leu Pro Val Thr Ile Met Ser Gly Leu Val Phe
His Ser Gln Pro Ile Asn Asp

Two glycine residues were added at the N-terminus of each
peptide to serve as a spacer and a biotin was coupled to
the a-amino group of the resulting N~-terminal glycine. The
peptides were bound to streptavidin and coated in the wells
of microwell plates. HIV-2 antibody-positive sera were
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¥ used to evaluate these two peptides in an ELISA. These
¥ results are summarized in Table 17. The results clearly
. demonstrate the usefulness of these two peptide sequences
k. ror the diagnosis of HIV-2 infection.

EXAMPLE 20: LOCALIZATION OF THE EPITOPE AT THE CARBOXY
TERMINUS OF C-100 WITH BIOTINYLATED PEPTIDES .

There have been various reports of an epitope located
towards the carboxy-terminal portion of the C=-100 protein
(EP-A-0 468 527, EP~-A-0 484 787), Reactivity of certain
gera toward this epitope and not to epitopes located within
the 5~1-1 fragment could explain why these sera gilve a
positive reaction on C-100 but not to the above-described
peptides described in the above~mentioned examples. The
five overlapping biotinylated peptides synthesized NS4-a,
b, ¢, d and e are shown in FPigure 11 and cover the
carboxy-terninus of C-100 except for the last three amino
acids. LIA strips prepared with these peptides were tested
using a series of HCV Ab-positive and negative sera. The
results of this experiment (data not shown) are summarized
below:

Peptide Nr. of reactive sera Percentage
NS4=-a -0 0%

NS4-b 2 3%

NS4-¢c 0 0%

NS4~-d 0 . 0%

NS4-e 16 27%

EXAMPLE 21: USE OF BIOTINYLATED HYBRID PEPTIDES CONTAINING
EPITOPES FROM DIFFERENT HCV PROTEINS

A fine mapping of the epitopes in the immunologically
most important regions of the HCV polyprotein using 9-mers
was performed as illustrated in Example 12. Using this
information, 3 peptide sequences were devised which
consisted of three 9-mer stretches of HCV sequence
separated by 2 amino acid-long spacers. In general, Gl¥-
Gly, Gly-Ser or Ser-Gly spacers were used to provide chain
flexibility. The arrangement of the epitopes in the three
hybrid peptides synthesized and their sequences are shown
in FPigure 12. The three peptides were evaluated on a LIA
strip. In the first evaluation, the sera originally used
for the epitope fine mapping experiments were used since
the precise interactions of these sera with the epitopes is
known. These results are shown in Figure 13 and are
summarized in Table 16. The order in which the epitopes
were incorporated into these three hybrid peptides was
arbitrary. It 4is advantageous, however, to link the
epitopes together in a limited number of peptide chains
rather than attempting to develop a test based on
individual 9-mers. The use of separate 9-mers would rapidly
gaturate the streptavidin binding sites on the plate (one
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F plotin binding site/9-mer) whereas incorporating the 9-mers
jnto a limited number of peptides as was done in these
experiments would enable one to bind 3 times as much (one
piotin binding site/three 9-mers).

EXAMPLE 22: E2/NS1 "b" SEQUENCE MIXOTOPE PEPTIDES

The results using synthetic peptides (see Examples
above) have indicated that most HCV seropositive sera
contain antibodies directed towards the hypervariable N-
terminus of E2/NSl. However, because of the hypervariable
nature of this region of the protein, it is necessary to
use a rather wide spectrum of sequences in order to detect
these antibodies in an acceptably high percentage of sera.
Analysis of available sequences revealed that the observed
amino acid substitutions were not entirely random and that
certain amino acids were preferred in certain positions
within the sequence. Since the hypervariable sequence is
rather long, this sequence who divided into two overlapping
portions ("a" and "b") to improve the quality of the
product and simplify the synthesis. Subdividing this region
also permitted the determination of that the portion of
this N- terminal segment of the E2/NS1 protein which was
most frequently recognized by antibodies was located in the
region encompassed by the "b" versions of these sequences.
Given the sequence information shown in Figure 14 a
"mixotope" was synthesized which contains at each positien
all the amino acids found in the naturally occurring
isolates examined. The strategy followed in the synthesis
of the mixotope is depicted in Figure 15. The strategy for
designing mixotopes is reviewed in Gras-massé et al.,
Peptide Res. (1992) 5:211-216. The resin was divided into
a number of portions egual to the numbar of amino acids to
be coupled. The coupling reactions were carried out
individually so as to avoid problems arising due to
differences in coupling kinetics between.the various aminoc
acids. Following the coupling reactions, the resin portions
were pooled and mixed thoroughly. The total number of
variants obtained for this 23 amino acid-long sequence was
+ 1,147 x 1010. The increasing number of variants as a
function of chain length as measured from the carboxy-
terminus or amino-terminus is shown in Figure 14. The
rationale behind the mixotope approach is that epitopes are
composed of amino acids whose contribution to antibody
binding is not equal. Antibodies may recognize an epitope
even though there may e a relatively large number of
(generally not random) substitutions in certain positions.
In this respect, the antigenic complexity of the mixotope
should be substantially less than the number of variants
comprising the mixture. For the sake of illustration, 1f it
is assumed that an average epitope is 6 amino acids in
length, it is possible to calculate the number variants for
each successive 6 amino acid long segment in the sequence.
The number of variants as a function of position in the
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-gauence is shown in Figure 14, The actual number of
Functional variant sequences will be equal to the number
Eyvown for any 6 amino acid-long sequence which happens to
korrespond to an epitope, divided by a degeneracy factor
equal to the number if tolerated substitutions in each
fposition of the epitope but modified to reflect the degree
to which the particular substitutions are tolerated.
Funfortunately, the exact position(s) of the epitope(s) are
¥ ot known. It should be stated explicitly that this is not
"a random peptide 1library. Key positions in the total
F sequence which do not tolerate substitut}ons,'as evidenced
Epy the absence of anino acid variations in naturally
 occurring isolates, are preserved. One disadvantage to this
§ synthetic approach is that rare amino acid substitutions
P are overrepresented and will tend to dilute out the more
E* commonly encountered amino acids. On the other hand, the
' possibility existed that overrepresentation of rare
ubstitutions might allow the detection of antibodies not
detectable with epitope sequences comprised of more
frequently encountered amino acids. Fellowing completion of
-the synthesis of the mixotope, all peptide chains were
provided with a (Gly)2 spacer and a biotin to facilitate
immunclogical evaluation. A multiple antigen peptide (MAP)
version of the mixotope may also be synthesized in
parallel.

One result of previous studies was that while
approximately 90 percent of HCV-positive sera could be
shown to contain anti-E2/NS1 antibodies directed against
the N-terminal hypervariable region with the 16 "a" and “b"
sequences Investigated. The apparent lack of these
antibodies in the remaining 10 percent of HCV antibody-
positive sera could be due to two factors: 1) these
patients fall to produce antibodies against this portion of
E2/NS1, or 2) has not yet been identified the correct
sequence with which to detect these antibodies. Based on
experiments with the HIV-I V3 loop, this latter possibility
did not seem at all unrealistic. LIA strips were prepared
which contained the 8 "b" sequences previously used in
addition to the mixotope. Sera were selected which
previously scored positive on at least one of the eight
defined sequences as well as sera which scored negative. In
total, 60 sera were tested, of which 56 previously gave a
positive reaction and {4 were previously found to be
negative. Of the 56 sera which had previously scored
positive, 21 reacted with only one or two of the peptides
on the strip or only gave a very weak reaction. (data not
shown) The nixotope was recognized by approximately one-
third of all the sera tested. The reaction of some sera to
the mixotope was surprisingly strong, however, it may be
possible that the collection of E2/NS1 sequences on which
the mixotope was based is not truly representative. It is
expected that the mixotope MAP will elicit the production
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:oad specificity antisera directed against the amino-
Binus of B2/NS1.

B'orE 23: USE OF BRANCHED HCV N-TERMINAL E2/NS1 REGION
BTIDES FOR RAISING ANTIBODIES

%. gseveral sequences from the N-terminus of E2/NS1 were
B ected for synthesis as multiple antigen peptides (MAP's)
fiing the technique described by Tam (Proc. Natl. Acad.
=i, USA 85:5409~ 5413,1988). The strategy used to
e nthesize the branched peptides 1s shown schematically in
§igure 16. Rabbits (two for each MAP) were given an initial
Fnjection and were boosted once before blood was drawn for
N rirst evaluation of antibody production. The antisera
F'ere tested on LIA strips containing a total of 16 E2
beptides (sequences derived from 8 type 1 isolates, “a" and
[np* versions of each). Examination of the LIA atrips
fyeveals that there is considerable cross-reaction between
Fthe antibodies raised in the rabbits and the variocus E2
Epeptides on the strips (Figure 17). The fact that both "a"
Fand "b" versions can be found which are recognized by the
Fdifferent antisera indicates that there is at least one
= epitope located in the region where these two versions

¥ overlap.

g EXAMPLE 24 DIAGNOSIS OF HTLV INFECTION USING BIOTINYLATED
¢ SYNTHETIC PEPTIDES :

HTIV-I and II are antigenically related members of a
fanily of oncogenic retroviruses. BTLV-I {nfection has
been shown to be assoclated with two disease syndromes:
HTLV-I-associated myelopathy/tropical spastic paraparesis
(neurological disorders) and adult T-cell leukenmia (ATL).
In contrast, HTLV-II has not been conclusively linked to
any known disease syndrome. This virus was originally
isolated from a patient with hairy cell leukemia, however,
~ no causal relationship between HTLV-II infection and the
disease state could be established. Since HTLV-I infection
has definitely been demonstrated te have the potential to
result in human disease while HTLV-II infection has not, it
is of clinical interest to be able to differentiate between
these two infectious agents. Since these two viruses are
antigenically highly 1related, it is difficult to
discriminate between HTLV-I and HTLV-II infections when
viral or recombinant antigens are wused for antibody
detection. A number of biotinylated peptides were
synthesized and evaluated for their ability to detect
antibodies raised in response to infection by either HTLV-I
or HTLV-II. Some of the peptides were chosen because they
contain epitopes which are highly conserved between HTLV-I
and HTLV-II and should therefore be useful reagents for
detecting HTLV infection without regard to virus type.
S8till other peptides were chosen because they contain
epitopes which should allow HTLV-I and HTLV-II infections
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#gp46-3'

io Gly Gly
~er Ser Thr

; ¢gp46-5:

Faio Gly Gly
fs:r Thr Trp

® Bio Gly Gly
® Thr Glu Pro
¥ His Ser Asn
I-p21-23
Bio Gly Gly
Leu Phe Trp
Cys Arg Fhe
I-pl9:

Bio Gly Gly
Asp Ser Asp
Pro Gln val
II-gp52-1:

Bico Gly Gly
Pro Ser Tyr

II-gp52~2:

Bio Gly Gly
Ser Glu Pro
Asp Ser Asp
II-gp52-3:

"Bio Gly Gly
Ser Ser Trp
Gln Thr Ser

II=pl19:

val
Leu

TYyr
His

Asn
Leu

Asp
Ser
Leu

Gln
Glu
Pro

Pro
Pro
Leu

Lys
Asn

Asp
Thr
Leu

Tyr
His
Ser

Leu
Leu

Thr
val

Ser
Gly

Ala
Gln
Asp

Tyr
Gln

Pro
Gln

Lys
Asp

Ala
Gln
Glu

Ser
Val
Arg

¥ be discriminated.

Tyr
TYr

Cys
Leu

Leu
Ser

Pro
Leu
His

Ala
Gly

Pro
Ile

Pro
Pro

Pro
Prao
His

Cys
Leu
Thr

63

The peptides synthesized are

Ser
Pro

Ile
Tyr

Ile
Arg

Gly
Pro
Ile

Ala
Gly

Pro
Pro

Asn

Gly
Pro
val

Met
Tyr
Ile

Pro
Ser

vVal
Ser

Leu
Ser

TYr
Leu

Gln
l.eu

Ser
Pro

Arg

Tyr
Pro
Leu

val
Thr
leau

Asn
Leu

Cys
Pro

Pro
Arg

Asp
Thr
Glu

Asn
Cys

Ser
Pro

Gln

Asp
Thr
Thr

Cys
Pro
Phe

Val
Ala

Ile

Pro
Arg

Pro
Ala

Arg
Lys

Pro
Tyxr

Gly

Pro
Ser

Ser

Asp

Phe

Ile
Pro

Arg
Ala

Thr
val

Leu

Leu
Pro

Asp
Ile
Ser

val

Arg

Ser

Trp
Pro

Gly
Leu

His
Glu

Gly

Pro

Arg
Ser

]thaqummui

"

Pro

Ala

Leu

Phe
Leu

Leu
Gln

Asp
Pro

Tyr

Phe
Leu

Ser
Ile

Ser

Ser

Ser

Leu
Leu

Asp
Glu

Pro
Thr

Tyx

Ile
val

Ser
Pro

Ser

Asn
Pro

L.eu
Gln

Pro
Ala

Ser

Thr
His

Leu
Gln
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fﬁio Gly Gly Pro Thr Thr Thr Pro Pro Pro Pro Pro Pro Pro Ser
f pro Glu Ala His Val Pro Pro Pro Tyr Val Glu Pro Thr Thr Thr

£ Gln Cys Phe

A number of these peptides wera used to prepare LIA
¥ strips for the detection of antibodies to HTLV. Several of
F the peptides, such as I-pl9 and I-gp46-4, which are derived
i from reglons of the HTLV~-I pl9 gag protein and envelcps
+ glycoprotein, respectively, are expected to be recognized
. py antibodies produced as a result of both HTLV-I and
£ grLV-IX infection since these seguences are highly
' homologous in the two viruses. Others, such as I-gp46-3,
¢ 1-gp46-6 for HTLV-I, and II-gp52-1, II-gp52-2 and II-gp52-3
¥ for HTLV-II may be useful for detection of antibodies as

well as discrimination. Since there is some homology
between the HTLV-I and HTLV-II sequences, cross—reactions
are to be expected. Nevertheless, the intensities of the
reactions to the various peptides should reveal the
identity of the wvirus to which the antibodles were
produced. '

An example of LIA strips prepared with a number of the
biotinylated HTLV-I and HTLV-II peptides is shown in figure
XXX. The LIA strips were evaluated using a commercially
available serum panel (Boston Biomedica Inc., mixed titer
panel, PRP203). The test results are in complete agreement
with the analysis provided by distributor. Only one sample
(nr. 9) is positive for HTLV-I. Sample nr.12 is detected
as positive because of the positive reaction to the peptide
I-p19. This sample could not be differentiated using these
peptides, nor could this sample be differentiated by any
other test used by the distributor of the serum panel.
Sample nr. 11 was found to be negative and all other
samples wWere found to be positive for RTLV-II. In an
additional experiment, an ELISA was performed using all 10
of the biotinylated HTLV-I and HTLV-II peptides. The
peptides were complexed with streptavidin individually and
then mixed prior to coating. Some of the samples from the
panel used to evaluate the LIA strips were used to evaluate
the peptides in the ELISA. These results are shown in
table . The ELISA in this configuration cannot be used to
differentiate HTLV-I and -II infecticons but should identity
HTLV-positive samples in general regardless of virus type.
The results further demonstrate the utility of these
peptides for the diagnosis of HTLV infection.
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TM-HIV-2 Bio

0.174 2.570
0.051 2.579
YEMO 0.162 2357
PL 0.000 1.559

| HIV-1 positive

VE 0.052 2.55) - 0.000
HIV-2 positive 1400 0.000 0.000 0.000 1.982
AG 0.000 0.000 0.000 2.323
53-3 . 0.000 0.000 0.000 2.365 |
Scronegative donors 194 0.000 0.000 (.000 4.000
|
195 : 0.000 0.000 0.000 0.000 |
180 0.000 . 0.005 0.000 0.000
204 0.000 0.001 0.000 0.000
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+ Comparison of antibody recognition of biotinylated and unbiotinyled peprides T NN
from the V3 sequence of isolate HIV-1 mn.

Sample identity

negative control

L

“pooeday] 120 SPH 19995 L

OOST 4

V3-mn

0.063
0.053
1.442
1.314
1.717
1.025
1389
1.442
0.531
0.791
0.388
0.736
0,951
1.106

—_—

V3-mn Bio

overflow®

overtlow®

overtlow’

overtflow”

*: Absorbance value greater than 3.000

.....



pooejday useg SeH 1954 S,

Table 3: Comparison of antibody recognition of the biotinylated V3-mn peptide bound

to streptavidin and avidin

Streptavidin

DV 1.041 1.748 o
PL 0222 0.983

1 3990 1.391 1.854

’_ VE 1.526 1.908

| 4436 | 0596 : 1.519

* Control 0.050 | 0.063




peptides.

Table 4A
Antibody binding to HCV peptide X1
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Table 48 :

89
91

95
99
100
104
105
110
111
112
113
116
120
11476
24758
266
8247
negative serum

1.038
0.616
0.100
0.329
1.033
0.053
0.912
1.187
0.495
0.197
0.109
0.814
0.474
0.205
0.313
0.762
0.193
0.253
0.833
0.058
0.964
0.068
0.071
0.712
0.059
0.063

Antibody binding to WCV peptide XVi

o ~ o -

Unbiotinylated peptide XVI

Peotide XVI

2435
1.239
1.595
1.599
2.847

1.522
1221

23519
1.530
2.169
1.484
2045
1.637
0.942
2.186
1.484
1.465
1.084
2.535
1.918
2.332
2197
0.062
2.262
0.018
0.067

69
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Table 4C : Antibody binding

Serum

8241
8242
8243
8247
8250
8271
8273
8274
8275
8276
3277
8278
negative serum

to HCV peptide 11

Unbiotinylated peptide II Pepride 11

0.444
| 1.682
2.181
1.518
0.110
0.912
2.468
2700
1.489
2133
1L.771
1.907
0.047

0.545
2.415
2.306
1.975
0.357
1.284
2.769
2.943
2.030
2348
2572
2.022
0.070
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Antibody binding to HCV peptide It

Serum

8241
8242
8243
8247
8248
| 8250
8271
8272
8273
8274
8275
8276
8277
negative serum

Unbiotinylated peptide III

I P e T =T Py ey

Peptide II1

2.066
2.197
2.368
2.398
2.918
2.626
2.066
2638
2.697
2.905
2.640
2.674
2.327
0.06
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Table 4F
Antibody binding to HCV peptide 1X

inbiotinylated peptide IX

Peptide IX

2.614 2.672
8316 0.133 0.367
8317 0.855 1.634
8318 1.965 2431
8320 0.721 0.896
8321 0.283 0.457
8326 2.219 2,540
negative serum 0.052 0.005
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Table 4G

Antibody binding to HCV peptide XVIII

Unbiotinylated paptide XVIII Peptide XVIII

L 79 1.739 2.105 <

| 83 1.121 1.232 I
88 0.972 1.858 R

| 89 2,079 2.309 .

o 1 91 2.202 2132 B
- 99 1.253 1.526 8 i
———— i ~
i | 104 1.864 1.998 I
— 105 1522 2,053 g
g — 1 110 1.981 | 2065 &
§§ 111 1363 1.542 % .
= 112 1172 1.408 A
— 116 1.534 1978 "
=3 | 120 1.599 2.031 $
i | 1 - | 2523 2691 g

33 1.463 1.813 i

39 0.068 0.213 :

47 2.117 2611 :

negative serum 0.001 0.001 't

b B e e i
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Feptideconcentrstion” 38 10 [ (%} 0.4 0.03 LX) ]
costingmethod** 1 2 ) 2 1 2 | 2 t b i 2
e e D S R e
Unhiotinylated HCV peptide 1I and HCV peptide 11 |
sample positive '
320 178 2,278 2.6M 2.1683 2.684 2.004 2718 1o 2157 t2n 2.5L9 0479
1242 ! 3427 0.5y 1.368 0408 1.365 0.23 1.299 0.058 1.481 0.048 t.1% : 0.@sl
124 1668 131 | Les2 1.223 1.608 0.831 1.639 0.181 1.597 0.057 1088 0.056 {
a3 2016 0.791 1.993 0.626 1.958 0.347 2.001 0.18} 2.181 0.095 2.0602 0.848 l
sample negative )
1747 0.064 D.NY 0.071 0.046 0.044 0.041 0.045 0.044 0.04S 0.043 0.045 0.04t
1781 0.057 0.053 e.05§ 0.053 0051 D035 °  0.047 D.046 0.049 n.05} 0.033 0.046
Unbiotinylated HCV peplide IX and HCV peptide IX
samplzpositive
132 5.7799 0.1 0.802 0.0v3 1.798 0.122 1.244 0.063 1.007 0.057 0.461 a.059
113 2,084 0.084 wn 0.068 227 0.078 2.284 0.008 2193 0.051 1.812 0.049
1 02 8. 0039 0u.177 0.052 0.793 0.048 091 0.046 0.496 0.847 0.215% 0.04Y
1243 1959 0.063 1.953 8.053 1.892 0.051 1.834 0.051 1.421 8.051 0.639 0.05¢
samplenegalive
1747 0.051 0.046 0.04y 0046 0.046 0.044 6042 -  B.045 0.044 0.045 0.043 0.045
1781 0.05) ouss Q.084 0.052 0.51 0051 | OMM7  00s2 0.048 0.049 0.049 .05}
Unbiotinylated HCY peptide XVIII and HCV peptide XVIIY
sample positive
$126 2,218 0.052 .30 0.053 a3 0.053 2.1 0.049 2219 0.05} 1.848 0.051
1212 0.749 0.033 0.3319 0.049 0.873 0.048 0.9¢ 0.047 i.188 0.049 1.188 0.048
129 067 0.037 0.627 0.053 0.629 0.054 0.001 0.051 U611 0.051 0.462 0.953 I
8318 2394 0.051 2.39 045 2392 o7 1409 0.047 2.308 0.047 1.701 0.048
l# samplc ncgative
14? 0.047 0.048 0.042 0.045 0.064 0.046 0.044 0.045 o.038 0.044 0.042 0.047
1781 0,083 0.055 g.048 0.054 0.048 0051 0.048 0.051 0.051 0.05} 0.045 0.053 |

iz microgramsper millitites

1. biotinylatedheptideon stseptavidinonied plate

1. unbiotinylatedreplidcconted directly




Table 7
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HCV antibody- HCV peptide I HCV peptide I
.positive sera| (coated directly) |carboxy-biotinyl-
ated (bound to
streptavidin-
coated wells)

8316 2.394 2.541 j
8318 2.385 2.404 !
8320 2.760 2.762
8326 0.525 1.775
8329 2.633 2.672
8333 2.143 2.545
8334 2.271 2.549
8336 1.558 2.016
8344 1.878 2.010
8248 2.042 2.493
8244 0.077 1.399
8243 2.211 2.541
f 8242 1.367 2.389
8364 2,705 2.705
8374 1.070 2.151 i .
8378 2.161 2.531 ¥
8330 1.985 2.651 Hl
8387 1,427 2.628 e
]
HCV antibody-

negative sera

F88 0.000 0.026
F89 0.017 0.001
F76 0.000 0.022 3
F136 0.006 0.002 I,
H F8 0.000 0.000 )
}
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Use of mixtutes of hiotinylaled peptides for antibody detection.

ablke 8:

Serun TH-uiv-1-8io -nlv-2-01¢ ' ¥3-nn-B10 HCY peptide 11-B10 | 1V peptide iX-8i0 | Jicy peptide XVii1-Bl0 flinture A . ni.-ture 8 { Mixture A | Mixture

Avidin Avidin Avidin Avidin Avidin Avidin Avidin Avidin Direct Direct
. coating coating
HCV 8243 | 0.108 0109 0114 1.430 1.213 0118 1.590 1.638 0.542 0.184
8247 | 0.042 0048 0.052 1.356 0.756 0046 0840 1.149 0.049 0.049

8248 | 0.043 Wid6 0.048 2.247 (L7 0.905 1.859 2.154 0.407 0.064

8269 | 0.053 (0.(049 0.056 1.213 0.051 1513 " 0.923 1.268 0.078 0.067

8290 | D.(M5 .047 0.050 0.060 (L1048 2323 1.210 1.761 0.559 0.787

' 0.046 0.045 (1L053 1.878 074 0.052 1.806 1.944 0.540 | 0.152

0.053 0050 0.056 2017 0.053 052 2.037 2.113 0773 0185

0.134 AL16] 0.143 1.592 0.270 .46 1.746 1.822 $4.908 0.4(13

0.048 0.050 0.053 1.539 0.052 0.049 1.591 1819 (0.335 0098

0.054 2.065 0.068 0.081 0.064 (L.058 | 1.833 1.880 0.054 0.056

0.051 ).781 0.055 - (124 0.052 1362 | g _-___—: 1.6Y2 2.031 0.214 01.326

ar—

0.046 0.046 2201 0.048 D049 0,049 §§ 2045 1845 0200 | 0052

1.974 1.05] 1.321 0052 (1.056 0.052 é =-—'._=_ 1.587 1L.776 0.052 0055

1.329 0.048 2.340 . 0047 0.049 0.047 § 1.969 1.742 0. 100 0.049

1.602 0.054 2319 0.054 0.0066 0.056 g:_=-_ c 2217 1.926 0.390 0.08)

I 0.046 0.047 0048 0.045 0450 0.047 | é 0.047 (049 0.045 | 0.049

0124 0.090 0.091 0.153 0008 0104 0152 | 0161 | noso | 0058

0.044 01.046 0.046 0.045 0.050 (.047 0.047 0.047 (.45 0048

0.052 0.057 0.059 0.057 0.062 0.053 _ 057 0059 0.049 0.056

—
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_ TABLE 9: Sequences of the Core Epitopes of the HCV Core Protein

HCY CORE FROTLH AMPIO 4ACDS 1-50

Peotions ot tore epilopes

Hs?lPK!CIKTKINTHRRPO COE!I
POARKTKRNTINRARPODYXKF PG COXE 2
MSTIPKPO!&TK&MTN!&PO CORE 1
POARTXKANTHRRPODVYXF PG CORE 2
PORXTKRNTINRARPODYKFDP G CORE 2
RNINRRPOODYKFPGGGEOL v goag 3
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~ TABLE 11: Sequences of the Corc Epitopes of the HCV NS5 Protein

PKSPPVPPPRKK

HS5-38

N3S-15

KS8-27

H55-29

1255-31

NE5-31
NE5-33
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"TABLE 12. Antibody Binding of Various Core, NS4, and NS5 Biotinylated 20-mers by the
10 Test Sera

. PEPTDE ELISA 10.0.1 _ .. . — -
SERUM | Core-2 | Core-3 | Cote-? | Coue-9 [ HEV-2 T HCV-5 [_HCV-7 ! NsS5-25 | NS5-27 | NS5-31
::4_2_ 2415 | 2.197 | 0632 2318 2,114 1625 1.252 0260 2.9 2453

0248 | 24411 2918 1.529 | 2821 | 0142 | 0.162 1963 _|_00s54 |_0208 | 1511 )

1
8332 | 1977 2,054 1,387 1455 0392 0.875 0.845 | 0047 | 2130 1 2.200
— 8339 2.030 2765 0.166 2698 2497 0.043 QU41 ] _1485 1 2359 2757
asso L {1882 1 2135 0.357 0085 1.779 | 0623 0530 | 0068 | 2249 | 0.182
8377|2181 2.358 0.221 0076 | 2368 | 2227 1.829 1.092 2.336 1.378__
8378 2140 | 2368 1089 ' 1228 | 1858 |_ 1449 2006 |
8303 2,463 2463 | 0870 |_2182_ | 2300 | 1.018 2.504_. 005! ) 2358
6241 0545 | 2086 | 0448 |_0274_| 242y | 2280 |_0860 | 0050 2456 ] 0273
E T IRE 2306 ' 2360 ! 1251 (1378 ! 2203 ' 2263 ! 2281 '

e
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TABLE 13: Antibody recognition of individual E2/NS1 peptides.
(percent of all sera giving a positive reaction.)

CL14-A 7{51) 13.7%
B 36(51) 70.6%
KATO-A 2(51) 3,92%
B 26 (51) 50.98%
HCJT4-A 32(51) 62.74%
B 41 (51) 80.39%
FRENCEH-A 30(51) 58.8%
B 42 (51) 82.35%
YEK-A 7 (51) 13.72%
B 49 (51} 96.07%
TAMI-A 12(51) 23.52%

B 36(s1) | 70.58%
18CH1-A 5(51) 9.8%
B '30(51) | s8.82%
CEIR-A 32(51) | 62.7%
B 40(51) | 78.43%
%
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" TABLE 14: Overall Recognition of V3-Loop Peptides

con |sc |mn |sF2 B |RP |Man |ELT |70 |
otal SUM 287 | 261 | 275 | 258 | 108 | 146 | 140 | 24 6
COUNT 326 | 326 | 326 | 326 | 326 | 326 326 | 326 | 326
gpi20 positive
¥ Reactive 8s | 80 ] 84| 79| 33| 45 43 7 2
r,al SUM 287 | 2612 | 275 | 258 | 108 | 146 | 2140 | 24 6
;  COUNT , 307 | 307 | 307 | 307 | 307 | 307 {307 | 307 {307
't HIV-V3 positive
: |
i % Reactive 93 | 85| 90| 8a| 35| 48] ae 8 2 !
L L \
1 ‘
;
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TA3LE 15: Reécognition of Peptides According to Geographical
Region

[ european v | AFRICAN | % | sRazILIAN ¥
Consensusg 98 | Consengus |__85 | Consensus 82
HIV-1 (8C) .| 98 |HIV-1 (MN) 85 |HIV-1 (MN) | 78 1

fl HIV-1 (SF2) | 98 |[HIV-1 (5F2) 79 | HIV-1 {SC) 75

I mzv-1 omy 97 |mrv-1 (se) | 73 |HIv-1(sF2) 72

EI_Y:I (RF) 75 | HIV-1 (MAL) 60 |HIV-1 (RP) 38

{ HIv-1 (MAL) 68 | HIV-1 (RF) 34 | HIV-1 (MAL) 30
HIV-1 (IIIB) | 61 |HIV-1 (IIIB) | 27 |HIV-1 (IIIB) | 26
HIV-1 (ELI) 8 |HIv-r (ELI) | 13 |HIV-1 (ELI)

ANT 70 2 _|ant 70 2| aNT 70_ |
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Table 16. Recognition of Europcan, African and Brazilian HIV-1 antibody-positive sera to
HIV-1 V3 loop peptides V3-con and V3-368

s

%
- f‘
S
1

X G
3

V3-con V3-368 Vicon + V33ﬂ
number tcsted 36 36 36
number positive 33 4 33
number negative 0 12 0
number borderline 3 20 3

African sera

percent positive 92
percent negative 0 33 0
percent borderline 8 56 ]

Vicon + V3-368

I number tested 45 45 : :

45
number positive 40 5 | 40 -
number negative 4 31 2
number borderline 9 3
percent positive 11 89 -
percent negative 69 4
percent borderline 2 20 7 -
._ Brazilian sera
| V3-con V3-368 V3con + V3-368
| number tested 36 3—6 36
H number positive 30 16 .35
.mbcr negative 1 5 1 i
ber borderline _ 5 15 0
peﬂ:em positive 833 44 4 97.2
"percent negative 2.8 13.9 28
percent borderline 13.9 ) 417 0
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V3-GBl2 V3-239
number tested 21 21
" number positive 21 19
ﬂ number necgative 0 0
number borderline 0 2

percent positive 100 90.5
percent negative 0 0
percent borderline 0 9.5
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Table 17. Recognition of HIV-2 positive sera to peptides from the V3 loop region of HIV-2
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Discrepancies

A . NS4 | NsS Cote | ua
Serum Esitoze | £xlone § Epilope 2 | Epi-152
8241 - i - | - ' 4 iwegk:
8242 | - - * ; -
824y |- - . -
| 8248 - = s —_—
| 8332 - . + ‘ ® ]
| oJJS - : M | * { d
3 e = | + ! -
3377 - I * : -
~ 8378 ~ - ! + : -
8333 . - = - + . -
8 K33 WS d Core . LiA
Serum Esiloze 3 fs'ione 33 Epilope 3A  Epi-3233A ]
Bzgdl - - d : - -
8z4 - - ¢ -
£z43 - - . -
8243 - - v -
8332 - < - . v
3338 - - ; . - ]
SE8 - - ] - ) -
8377 - - i - : - ]
8378 ! - ! v
8383 I S
c Core NS4 ) NS5 - LIA
Serum Ediloze 33 Exitone 2A | Enitope § ! Epi-22248
B241 - - i - , .
8242 . - ! - g :
8243 - +.= | - i - 1 ssr-
B248 - - - | - 1 - ]
__.8332 - et | - 1+ wsakl
8339 e : - I + i +
8358 . l - Y ?
8377 - e I - - -
8378 - ' > I - i .
8383 * : . 1 - : - ]
Tlns SheetHas
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TABLE 19: ANTIBCDY RECOGNITION OF HTLV PEPTIDES

"!E;—.:ﬂ_:-'n-==|===ﬂ====e==-.= . RS S L R e

-l TV

f raw.lwaﬂ:mwmgg& 10000 Whosr et TS AT Y
iL Serum aumter Oplical density 1[
f e ::=m=.-.=.—.—===-._==mu=a=====m=a==q..m.mma:ﬁ:ﬁi
l N.303
o - oo ——ne - .o ey a—
2 i 3.001
3 .64
N 4 _ 1.262
6 ) 3.00t
7 _ 2,623
9 2.607 (HTLV-) |
o 3,001
_u - L 0.038 {negative)
. 13 ) 3.00!
14 s, j - 3.001

13

0.850

1§

0.278

19

20

21

2.308

| 148
3001

22

0.812

S

2

3.001

24

0.208

oecommy

TS S SN BT M e AR TS MNTRIR SR L IR R S %ﬂ:;:a:&z:w:mmg;_ ATErmsrw sy

23

1521
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1. A process for the in vitro determination of peptides
corresponding to immunologically important epitopes
comprising the steps of:

CLAIMS

(a) preparing peptides corresponding to portions of
the amino acid segquence of the protein or polypeptide
to be analysed wherein said peptides are either
contiquous or preferably overlapping by at least 3
amino acids;

”

(b} biotinylation of said peptides: h

(¢) binding said biotinylated peptldes to a solid
phase by interaction of the biotylated group and
streptavidin or avidin; and

(d) measuring antibodies which bind to the individual
peptides.

2. The process according to Claim 1 wherein said a.a.
overlap by about 6 to about 12 amino acids.

3. A composition of matter which can be represented as
follows:

(A) =(B) =(X)~-Y~-[amino acids],-¥-(X) -z
where
- [amino acids], is meant to designate the length of the
peptide chain where n is the number of residues, being an
integer from about 4 to about 50, preferably less than
about 335, more preferably 1less than about 30, and
advantageously from about 4 to abut 25;

- B represents biotin,

- X represents a biotinylation compound which is
incorporated during the synthetic process,

= Y represents a covalent bond or one or more chemical
entities which singly or together form a linker arm
separating the amino acids of the peptide proper from the
biotinyl molety B or X, the function of which is to
minimize steric hindrance which may interfere with the
binding of the biotinyl moiety B or X to avidin or
streptavidin, wherein Y is not a covalent bond, it is
advantageouly at least one chemical entity and may consist
of as many as 30 chemical entities but will consist most
frequently of 1 to 10 chemical entities, which may be
identical or different, more preferably glycine residues,
A-alanine, 4-aminobutyric acid, S5-aminovaleric acld, or 6~
aninohexanoic acid,

IIIIlIII I||||| III|I I II IIII
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- B and X being enclosed in parentheses to indicate that
the presence of biotin or biotinylated compound in these
positions is optional, the only stipulation being that B or
X be present in at least one of the positions shown,

i
E - A, when present, as indicated by parentheses, represents
i (an amino acid(s), an amino group, or a chemical
R modification of the amino terminus of the peptide chain;

- 2 represents (an) amino aclid(s), an OH-group, an NH;-
group or a linkage involving either of these two groups,
wherein the amino acids are selectively chosen to be
immunodominant epitopes which are recognized by a large
percentage of true positive sera or are able to complement
other antigens in the test to increase the detection rate
and B interacts with the selected amino acids to produce a
compound with greater diagnostic sensitivity.

4. Peptide composition comprising at least one peptide
having an amino acid sequence selected from the groudp
consisting of :

(A) ={B)=(X)~-¥-Ile~-Trp-Gly~-Cys-Ser-Gly~-Lys-Ile-Cys-Y-(X)-2
(1a.1)

(A)~-({B)-X)-¥Y-Ile-Trp-Gly-Cys-Ser-Gly-lLys-Leu~Ile-Cys~-
Thr-Thr-Ala-Val-Pro-Trp-Asn-Ala-Ser~-¥-(X)~2Z (la.2)

{A) =(B) = (X) -¥~-Glu-Arg~-Tyr-Leu-Lys-Asp-Gln-Gln-Leu~Leu~-
Gly-Ile~-Trp-Gly-Cys-Ser-Gly-Lys-leu~-Ile-¥-(X)=Z (la.3)

(A} =({B) ={X)~¥-Leu-Gln-Ala~Arg-Ile-Leu-Ala-Val~-Glu-Arg-
Tyr-Leu-Lys-Asp-Gln-Gln-Leu-¥-(X)-2 (la.4)

(A) = (B) - (X) -Y-Leu-Trp-Gly-Cys-Lys~Gly-Lys-Leu-Val-
Cys-Y~-(X}-2 {(la.5)

(A)~(B) ~(X) -¥Y=Asp-Gln-Glr~Leu-Leu-Gly-Ile~Trp~Gly-Cys~-
Ser-Gly-Lys-His-Ile-Cys-Thr-Thr-Asn-Val-Pro-Trp-Asn—
. ¥=(X) =2 (1a.6)

(A)=-(B)~(%X)-Y-Asn-Asn-Thr-Arg-Lys-Ser~Ile-His-~Ile-Gly-
Pro-Gly-Arg-Ala-Phe-Tyr-Thr-Thr-Gly-Glu-Ile-Ile-Gly-¥-

(A)~(B) - (X)~¥Y-Cys~-Thr-Arg-Pro—Asn-Asn-Asn-Thr-Arg-Lys-
Ser-Ile-His~Ile-Gly-Pro-Gly-Arg-Ala-Phe-Tyr-Thr-Thr-
Gly-Glu~Ile-Ile-Gly-Asp-Ile-Arg-Gln-Ala-His-Cys-¥-
(X)-Z (1b.1a)

(A) - (B)-(X)=¥-Asn-Asn-Thr-Arg-Lys-Ser-Ile~Tyr-Ile~Gly~-
Pro-Gly-Arg—-Ala-Phe~His~Thr-Thr-Gly-Arg-Ile-Ile-Gly-¥-
(X) -2 {(1b.2)

T

et ——————
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(A)=({B)=(X)-Y-Asn-Asn-Thr-Thr-Arg-Ser-Ile-His-Ile-Gly~-
Pro-Gly~-Arg-~Ala-Phe-Tyr-Ala-Thr-Gly-Asp-Ile-Ile-Gly-Y-
(X) =2 (1b.3)

(A) =({B)~(X)-¥Y~Tyr-Asn-Lys-Arg-Lys-Arg-Ile-His-Ile-Gly-
Pro-Gly-Arg-Ala-Phe-Tyr-Thr-Thr-Lys~Asn-Ile-Ile-Gly-Y-
(X)-Z2 (1b.4)

51

(A)-(B)=(X) -Y¥-Asn-Asn-Thr-Arg-Lys-Ser~Ile-Thr-Lys-Gly-
Pro-Gly-Arg-Val-Ile-Tyr-Ala~-Thr-Gly-Gln-Ile-Ile-Gly~Y-
(X)-2 (1b.5)

(A)=(B)=(X)-¥-Asn-Asn-Thr-Arg~Arg-Gly-Ile-His-Phe-Gly-
Pro-Gly-Cln-Ala-Leu~Tyr-Thr-Thr-Gly-Ile-Val-Gly-Y~-
(X)-2 (1b.6)

(A)~(B)~(X)-¥Y-Asn-Asn-Thr-Arg-Lys-Ser-Ile-Arg-Ile-Gln-
Arg-Gly-Pro~Gly~Arg-Ala-Fhe-Val-Thr-Ile-Gly-Lys~-Ile-
Gly-Y-(X)~Z (1b.7)

(A)=(B)~(X)~Y-Gln-Asn-Thr-Arg-Gln-Arg-Thr-Pro-Ile-Gly-
Leu-Gly=-Gln-Ser-Leu-Tyr-Thr-Thr-Arg-Ser-Arg-Ser-¥-(X)~-2
(1b.8)

(A)=(B)~-(X)-¥~Gln~Ile-Asp-Ile-Gln-Glu-Met-Arg-Ile-Gly-
Pro-Met-Ala-Trp-Tyr-Ser-Met-Cly-Ile-Gly-Gly-¥-(X)-Z (1b.9)

(A)=(B)=(X)-¥~-Asn-Asn-Thr-Arg-Arg-Gly-Ile-His-Met-Gly~-Trp=~
G
Arg-Thr-Phe~-Tyr-Ala-Thr-Gly-Glu-Ile~Ile-Gly~-¥-(X)~2 (1b.10)

(A)-(B)~(X)-Y-Arg-Asp-Asn-Trp-Arg-Ser-Glu-Leu-Tyr~-Lys-
Tyr-Lys-Val-Val-Lys-Ile~-Glu-Pro-Leu-Gly-Val-Ala-Pro~-
Thr-Lys-Ala~-Lys~Arg-Arg-Val-val-Gln-Arg-Glu-Lys~-
Arg-Y¥-(X)=2 (1b.1l1)

(A)=(B) = (X) -Y~Ser-Trp-Gly-Cys-Ala-Phe-Arg-Gln-Val-Cys-
Y~-(X)-Z (2a)

(A)-(B)=(X)-¥-Lys-Tyr~-leu-Gln-Asp-Gln-Ala-Arg-Leu-Asn-
Ser-Trp-Gly-Cys~Ala~Phe~-Arg~Gln-Val-Cys~¥-(X}~-2Z (2b)

(A)~(B)~(X)-¥-Asn-Lys-Thr-Val-lLeu-Pro-Ile~-Thr~-Phe-Met-
Ser-Gly-pPhe-lys~Phe-His-Ser-Gln-Pro-val-Ile-Asn-Lys-¥-
(X)-2 (2c)

(A)-(B) - (X)-¥Y-Asn-Lys-Thr-Val-Val-Pro-Ile~Thr-Leu-Met-
Ser~Gly-Leu-Val-Phe-His-Ser-Cln-Pro-Ile-Asn-Lys-Y-(X)~-2Z
(2d)

(A)-(B)=(X)=¥-Asn-Lys-Thr-Val-leu-Pro~Val-Thr-Ile-Met~
Ser-Gly~-leu-val~Phe~His-Ser-Gln-Pro-Ile-Asn-Asp-Y~(X)-2
(2e)

This Sheet Has Been Replaced
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(A)-(B)-(X)-Y-Leu-Trp-Gly-Cys-Ser—Gly-Lys-Ala-Val-Cys-
Y-{X)~-Z (3a)

(A) - (B) = (X) ~Y-Ser-Trp-Gly-Cys~-Ala-Trp-Lys-Gln-Val-Cys-
Y- (X)-Z. (4a)

(A)-(B)-(X)-Y-Gln-Trp-Gly-Cys-Ser-Trp-Ala—Gln-Va1-Cys-
¥-(X)=2 (4b).

(A)-(B)-{X)~-¥-Val-Leu-Tyr-Sexr-Pro-Asn-Val-Ser-Val-Pro-
Ser-Ser-Ser-Ser~-Thr-leu-Leu-Tyr-Pro-Ser-Leu-Ala-Y-(X) -2
(I-gp46-3)

(A) =(B) - (X) ~Y=Tyr-Thr-Cys~Ile-Val-Cys~Ile-Asp-Arg-Ala-
Ser-Leu-Ser-Thr-Trp~His-Val~Leu-Tyr-Ser-Pro-¥-(X) -2 (I~
gp46-5)

(A) -(B) - (X) -Y-Asn-Ser-Leu-Ile-Leu-Pro-Pro-Phe-Ser-Leu-
Ser-Pro-ValPro-Thr-lLeu-Gly-Ser-Arg-Ser-arg-Arg~Y-(X)-2Z
(I-gp46-4)

(A) -(B) -(X) ~¥Y~-Asp-Ala-Pro-Gly-Tyr-Asp-Pro~Ile-Trp-Phe-
Leu-Asn-Thr-Glu-Pro-Ser-Gln-leu-Pro-Pro~Thr-Ala-Pro-
Pro-Leu-lLeu-Pro-His-Ser-Asn-Leu-Asp-His-Ile-Leu-Glu~Y-{X)-2
(I-gpa6-6)

(A)-(B)-(X)-¥-Gln-Tyr-Ala-Ala~-Gln-Asn-Arg~-Arg-Gly-Leu-
Asp-Leu-Leu-Phe-Trp-Glu-Cin-Gly-Gly-Leu-Cys~-Lys~Ala-Leu~
Gln-Glu~=Cln-Cys-Arg-Phe-Pro~¥-(X)-2 (I-p2l-2)

(A) -(B) ~(X) ~Y-Pro-Pro-Pro-Pro-Ser-Ser-Pro-Thr-His-Asp-Pro-
Pro-Asp-Ser-Asp-Pro-Gln-Ile-Pro-Pro-Pro-Tyr-Val-Glu-Pro-
Thr-Ala-Pro-Gln-Val-Leu-¥-(X)-2 (I-pl9)

(A)-(B) - (X) -Y-Lys-Lys-Pro-Asn-Arg-Gln-Gly~-Leu~Gly-Tyr-Tyr-
Ser-Pro-Ser-Tyr-Asn-Asp-Pro-¥-(X)-Z (II-gp52-1)

(A)~(B)-(X) -Y-Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Leu-Trp-Phe-Ile~
Thr-Ser-Glu-Pro-Thr-Gln-Pro—-Pro-Pro-Thr-Ser-Pro-Pro-Leu-
Val-His-Asp-Ser-Asp-Leu-Glu-His-Val-Leu-Thr-¥-(X) -2 (II-
gp52-2)

(A)=(B)~(X)=-Y-Tyr-Ser-Cys-Met-Val-Cys-Val-Asp-Arg-Ser-Ser-
Leu-Ser-Ser-Trp-His-Val-Leu-Tyr-Thr-Pro-Asn-Ile-Ser-Ile-
Pro~-Gln-Gln-Thr-Ser-Ser-Arg-Thr-Ile~Leu-FPhe-Pro-Sexr-Y-(X)-2
(II-gp52-~3)

(A)=(B) = (X) -Y-Pro-Thr-Thr-Thr-Pro-Pro-°Pro-Pro~Pro-Prxo-Pro-
Ser-Pro-Glu-Ala-His-Val=Pro-Pro-Pro-Tyr-val-Glu-Pro-Thr-
Thr-Thr-6ln-Cys—-Phe-¥-(X) -2 (II-pl9)

(A)~(B)~(X)-Y-Met-Ser~Thr-Ile~Pro-Lys-Pro-Gln-Arg-Lys-
Thr-Lys-Arg~Asn-Thr-asn-Arg-Arg-Pro-Gln-¥-(X)~2 (I)

. This Shect Has Been Replaced
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(A)=(B) - (X)-Y-Pro~Gln-Arg-Lys-Thr-lys-Arg~Asn-Thr-Asn-
Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly-Y-(X)-Zz (II)

(A)-{B)~(X)-¥Y-Gln-Arg-Lys-Thr-Lys-Arg-Asn-Thr-Asn-Arg-
Arg-¥~{X)=2. (I1Ia)

(A) = (B) ~(X) -Y-Arg-Asn-Thr-Asn~-Arg-Arg-Pro-Gln-Asp-val-
Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-¥Y-(X)~-Z (III)

(A) = (B) - (X) ~¥Y~Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly~Val-
Arg~Ala-Thr=Arg-Lys~-Thr-Ser-Glu-Arg-Ser-¥-(X)-zZ (IV)

(A) ~(B) - (X)~-¥~-Val-Gly-Gly~-Val-Tyr-Leu~Leu-Pro~-Arg-Arg-
Gly-Pro-Arg-leu-Gly-Val-Arg-Ala-Thr-Arg-¥-(X)=-2 (IVa)

(A) - (B) =(X) -Y-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln~Pro~
Arg-Gly-Arg-Arg-Gln-Pro-~Ile-~Pro~Lys-vVal-¥-(X)~Z (V)

(A)-(B)-(X)=¥-Arg-Ser-Gln-Pro-arg-Cly-Arg-Arg-Gln-Pro-
Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-¥Y-(X)=Z (Va)

(A) - {B) ~({X) ~¥~Arg~-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-
Pro-Glu-Gly-Arg-Thr-Trp-ala-Gln-Pro~Gly-¥=(¥) =2 (VI)

(A)-({B)-(X)-¥-Gly~Arg-Thr-Trp~Ala-Gln-Pro-Gly-Tyr-Pro-
Trp-Pro-Leu-Tyr-Gly-aAsn-Glu-Gly-Cys-Gly-¥-(X} -2 (VII)

(A) -(B) - (X) -¥-Met-Ser-Thr-Ile-Pro-Gln-Arg-lys-Thr-Lys-
Arg-Asn-Thr-Asn-Arg-Arg~-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly=~
Gly-Gly-Gln-Ile-Val-Gly-¥-(X)-Z (core 123)

(A)=(B)=(X) =¥-Gly-Gly-Val-Tyr-Leu~Leu-Pro-Arg-Arg-Gly-rro-
Arg-Leu-Gly-Val-Arg-Arg~Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-
Ser-Gln-Pro-Arg-Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-
Arg-¥=(X)-2Z (core 7910)

(A) -(B) - (X) -Y~Leu~Ser-Gly-Lys~Pro-Ala~TIle-Ile-Pro-Asp-
Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-¥-(X)=-2 (VIII)

(A)~(B)~(X)~¥-Ile~Ile~Pro-Asp~Arg~Clu-Val-Leu-Tyr-arg-
Glu-Phe-Asp-Glu~Met-Glu-Glu-Cys-Ser-Gln-¥-(X)-2 (IX)

(A) =(B) - (X) ~¥-Val~-Leu-Tyr-Arg-Glu~Phe-asp-Glu~-Met-Glu-Glu-
Cys-Ser-Gln-His~Leu-Pro-Tyr~Ile~Glu-Y=-(X) -2 (HCV3)

(A)-(B)-(X)-¥Y-Asp-Glu~-Met-Glu-Glu~Cys-Ser-Gln-His~-Leu~-
Pro-Tyr-Ile-Glu-Cln-Gly-Met-Met-Leu-Ala-¥-(X)-2 (X)

(A)~(B)~(X)~Y¥-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-
Met-Met-Leu-Ala-Glu-Gln~Phe-Lys~-Cln-Lys~-Y~ (X)~2Z
(XI)

(A)~-(B)-(X)-Y¥-Ile-Clu-Cln-Gly-Met-Met-Lleu-ala~Clu~-Gln~
Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu~-Leu-Gln-¥-(X)~2
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"
(A) = (B) =(X) -¥-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu~-
Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Y-(X)-Z (XIII)

(XII)

(A)-(B)-(X)-¥-Gln-Lys~-Ala-Leu-Gly-Leu-Leu~Gln-Thr-Ala-
Ser-Arg-Gln-aAla-Glu-Val-Ile-Ala-Pro-Ala=Y=(X) =2
(XIV)

(A) - (B)-(X)-Y-Ser-Gen-His~-Leu-Pro-Tyr-Ile-Glu~Gln-Glu-Met-
Leu-Ala-Glu-Gen-Phe-Lys-Gln-Lys-Ala-Leu~Gly-Leu-Leu-Gln-
Thr-Ala-Ser-Arg-Gln-Ala-Y«~(X)=2

(NS4-27)

(A) - {B) = (X) ~Y-Gly-Glu-Gly-Ala-Val-Gln-Trp-Met~Asn-Arg-Leu-
Ile-Ala-Phe-Ala-Ser-Arg-Gly-Asn~His-Y-(X)-Z
(NS4-e)

(A)=(B)=~(X)-¥-Glu-Asp-Glu-Arg-Glu-Ile-Ser-Val~Pro-Ala-
Glu-Ile-Leu-Arg-Lys-Ser-Arg-Arg~Phe~Ala-Y-(X)=2
(XV)

{(A) - (B)~(X)-Y¥-Leu-Arg-Lys-Ser-Arg-Arg-Phe-Ala-Gln-Ala~-
Leu~Pro-Val-Trp-Ala-Arg-Pro-Asp-Tyr-Asn-¥-(X)-2
(XVI)

(A)=(B)-(X)-¥-Val-Trp-Ala-Arg-Pro~Asp-Tyr-Asn-Pro~Pro-
Leu-Val-Glu-Thr-Trp-Lys-Lys-Pro-Asp~Tyr-¥-(X) -2
(XVII)

(A)=(B) - (X) ~¥-Glu-Thr-Trp-Lys~Lys-Pro-Asp-Tyr-Glu~Pro-
Pro-Val-Val-His~Gly-Cys-Pro-Leu-~Pro-Pro-Y¥«(X) =2
(XVIII)

(A)-(B)~(X)-Y¥-Val-His-Gly-Cys~Pro=-Leu=-Pro-Pro-Pro-Lys-
Ser-Pro-Pro-vVal-Pro-Pro-Pro-Arg-Lys-Lys-Y-(X)-2
(XIX)

(A) = (B) - (X) -¥~Glu-Asp~Glu~Arg-Glu-Ile-Ser-Val -Pro-Ala-
Glu-Ile-leu-Arg-Lys-Ser-Arg~Lys-Ser-Arg-Arg-Phe-Ala-
Gln-Ala-Leu-Pro-Val-Trp-Ala-Arg-Pro-Asp-Tyr-Asp-Tyr-
Asn—Y-(X)~2 (NS5-2527)

(A)=(B) = (X) ~¥-Gly-Glu-Thr-Tyr-Thr-Ser-Gly-Gly-Ala-aAla-
Ser-His-Thr-Thr-Ser-Thr-Leu-Ala-Ser-Leu-Phe-Ser-Pro-
Gly-Ala-Ser-Gln-Arg-Ile-Gln-Leu~-Val-Asn-Thr-Y-(X) -2
(XXa) -

(A) - (B) -(X) -¥-Gly-Glu-Thr-Tyr-Thr-Ser-cly~-Gly-Ala-Ala-
Ser-His-Thr-Thr-Ser-Thr-Leu-Ala-Ser-Leu-Phe-Ser-
¥=-(X)~2 :

(XXa~-1)

(A) = (B) =(X) ~¥-Ser-His-Thr-Thr-Ser-Thr-leu-Ala-Ser-Ieu-
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Phe-Ser-Pro-Gly-Ala-Ser-Gln-Arq—Ile—Gln-Leu-Val-Asn-
Thr-¥-(X)~2
{XXa~-2)

(A)-(B)-(x)-Y-dly-ﬂis-Thr-Arg-Val-Ser-Gly-Gly-Ala-Ala-
Ala-Ser-Asp~Thr-Arg-Gly-Leu-Val-Ser-Leu-Phe-Ser-Pro-
Giy-Ser-Ala-Gln-Lys-Ile~Cln~Leu-Val-Asn-Thr-¥=(X)=-2
(XXb)

(A)-(B)-(X)~Y-Gly-His~-Thr-Arg-Val-Ser-Gly-Gly=-Ala-Ala-
Ala-Ser-Asp-Thr-Arg-Gly-Leu-Val~ Ser—Leu-Phe-Ser-
Y-(X)-2

(XXb-1)

(A)=(B) - (X)-¥-Ala~-Ser-Asp-Thr-Arg-Gly-Leu-Val-Ser-Leu-
B Phe-Ser-Pro-Gly-Ser-Ala-Gin-lys-Ile-Gln-Leu-Val-Aen-
)* Thr-Y=-(X)-2
b (XXb-2)

- [f (A) - (B) - (X) ~¥~Gly-His-Thr-Arg-Val-Thr-Gly~-Gly-Val-Gln-
4 Gly-His-Val-Thr-Cys-Thr-Leu-Thr-Ser-Leu-Phe-Arg~Pro-
Gly-Ala-Ser-Gln-Lys-Ile-Gln-leu-Val-Asn-Thr-¥-(X)-2
(XXxc)

(A) =(B) - (X) -¥-Gly-His-Thr-Arg-Val-Thr-Gly-Gly-Val-Gln~
Gly-His-Val~-Thr-Cys-Thr-Leu-Thr-Ser-Leu~-Phe-Arg-Y-(X)-2
(XXc-1)

(A) - {B) ~(X) ~Y-Gly-His~Val-Thr-Cys-Thr-Leu-Thr-Ser~Leu-
R Phe-Arg-Pro-Gly-Ala-Ser-Gln-Lys-Ile-Gln-Leu-Val-Asn~-
P4 Thr-Y-(X)=2
= (XXc-2)

(A)-{B)=(X)~-Y~Gly-His~-Thr-His-vVal-Thr-Gly-Gly=-Arg-val-
Ala-Ser-Ser~Thr-Gln-Ser-lLeu-Val~Ser-Trp-Leu-Ser-Gln-
Gly~-Pro-ser-Gln-Lys-Ile-Gln-Leu-Val-Asn-Thr-¥Y-(X)-2Z
(Xxd)

(A) - (B) - ({X) -¥Y-Gly-His-Thr-His-Val-Thr-Gly~-Cly-Arg-Val-
Ala-Ser-Ser-Thr-Gln-Ser-Leu-Val-Ser-Trp-Leu-Ser-Y-(X)-2
(XXd-1)

(A)-(B)=-(X)~Y-Ala-Ser-Ser-Thr-Gln-Ser-Leu-Val-Ser-
Trp-leu-Ser-Gln-Gly-Pro~Ser-Gln-Lys-Ile-Gln-Leu-Val-
Asn~-Thr-¥-(X) -2

(XXd-2)

(A)-(B)-(X)-¥-Gly-Asp-Thr-His-Val-Thr-Gly-Gly-Ala~-
Gln-Ala-Lys-Thr-Thr-Asn-Arg-Leu-Val-Ser-Met-Phe-Ala-
Ser-Gly-Pro-Ser~G1n-Lys-Ile-Gln-Leu-Ile-Asn-Thr—Y-
(X)-2

(XXe)

(A)-(B)-(x)-Y-Gly-Asp-Thrénis-Val-Thr-Gly-Gly-Ala-
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Gln-Ala-Lys-Thr-Thr?Asn—Arg-Leu-Val-Ser—Met—Phe-Ala
Y- (X)~Z
(XXe~1)

(A)=(B)~(X)-Y-Ala-Lys~-Thr-Thr-Asn-Arg-Leu-Val-Ser-
Met-Phe-Ala~-Ser~Gly-Pro-Ser-Gln-Lys-Ile-Gln~Leu-Ile-
Asn-Thr=¥=(X)-2

(XXe-z)

(A)~(B)-(X)-¥-Ala-Glu-Thr-Tyr-Thr-Ser-Gly-Gly-Asn~-
Ala-Gly-His~-Thr~Met-Thr-Gly-Ile~-Val-Arg-Phe-Phe-Ala-
Pro-Gly-Pro-Lys~-Gln-Asn-Val-His-leu-Ile-Asn~Thr-¥Y-(X)~2
{XX£L)

(A)-(B)-(X)-¥-Ala-Glu~-Thr-Tyr-Thr-Ser~Gly-Gly-Asn-Ala-
Gly-His-Thr-Met~Thr-Gly-Ile-Val-Arg-Phe-Phe-Ala~-¥~(X)~2
(XX£-1)

(A)-(B) - (X)-Y-Gly-His-Thr-Met-Thr-Gly-Ile~Val=-Arg-Phe-
Phe-Ala-Pro-Gly-Pro-Lys—-Gln-Asn-Val-His-Leu-Ile-Asn-
Thr-Y-(X) -2

(XX£-2)

(A)-(B)-(X)~-Y¥-Ala-Glu~Thr-Ile-Val-Ser-Gly-Gly-Gln-Ala-
Ala-Arg-Ala-Met-Ser-Gly-Leu-Val-Ser-Leu-Phe~Thr-Pro~
Gly-hla-Lys-Gln-Asn-Ile-Gln-Leu-Ile-Asn-Thr—Y-(X)-z
(XXg)

(A)~-(B)-(X)~¥Y-Ala-Glu-Thr-Ile~-Val-Ser-Gly~-Gly-Gln-Ala~-
Ala-Arg-Ala-Met-Ser-Gly-Leu~-Val-Ser-Leu-Phe-Thr-Y-(X)=2
(XXg-1)

(A)={B)~-(X)-Y¥-Ala-Arg-Ala-Met-Sar-Gly-Leu-Val-Ser-Leu—
Phe-Thr-Pro-Gly-Ala-Lys-Gln-Asn-~Ile-Gln-Leu-Ile-Asn-
Thy=-Y=-({X)~Z

(XXg-2)

(A) ={B)-{X)~-¥-Ala-Glu-Thr-Tyr-Thr-Thr-Gly-Gly-~-Ser-Thr-
Ala-Arg-Thr-Thr-Gln-Gly~Leu-Val~Ser-Leu-Phe-Ser-Arg-
Gly-Ala-Lys-Gln-Asp-Ile-Gln-lLeu~Ile-Asn-Thr-Y-(X)~-2
(XXh)

(A)=(B) - (X)~-¥=-Ala-Glu-Thr-Tyr-Thr-Thr-Gly-Gly~Ser-Thr-
Ala=-Arg-Thr-Thr-Gln-Gly-Leu-Val~Ser-Leu-Phe~-Ser-Y-(X)~-2
{XXh~1)

(A)=(B)-(X)-¥-Ala-Arg-Thr-Thr-Gln-Gly-Leu-Val~Ser-Leu-
Phe~Ser-Arg-Gly-Ala-Lys-Gln-Asp-Ile-Gln-Leu-Ile-Asn-
Thr-Y-(X)-Z

(XXh-2)

(A)~(B)=-(X)~-¥-Ala-Gln-Thr-His-Thr-Val-Gly-Gly~Ser-Thr-
Ala~His-Asn-Ala-Arg-Thr-Leu-Thr-Gly-Met-Phe-Ser-Leu-
Gly~-Ala-Arg-Gln-Lys-Ile-Gln-Leu~-Ile-Asn-Thr-¥-(X)~-2

_ —
—_—
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(XX/2)

(A) - (B)-{X)-Y-Ala-Gln-Thr-His-Thr-Val=Gly-Gly=-Ser-Thr-
Ala-His-Asn-Ala~-Arg-Thr-Leu~Thr-Gly-Met-Phe-Ser-Y~(X)~-2
(XX/2-1)

(A)=(B)~(X)~Y¥-Ala-His-Asn-Ala-Arg-Thr-Leu-Thr-Gly-Met-
Phe~Ser-Leu-Gly~-Ala~Arg-Gln-Lys—-Ile-Gln-Leu-Ile-asn-
Thr~Y~-(X)=2

(XX/2-2)

(A) = (B)-(X)~¥-Val-Asn-Gln=-Arg-Ala-Val=-Val~Ala-Pro-Asp-
Lys-Glu-Val-leu-Tyr-Glu-Ala-Phe-Asp-Glu-¥~(X)~-2
(VIII-2)

|
\
!
i
H

I (A)-(B)-(X)-¥-Val-Ala-Pro-Asp-Lys-Glu~Val-Leu-Tyr-Glu-
o Ala-Phe-Asp-Glu-Met-Glu-Glu=-Cys~Ala-Ser-¥-(X)-2
3 (IX=-2)

:ﬁ ;{ (A) - (B}~ (X)-¥-Asp-Glu-Met-Glu-Glu-Cys-Ala-Ser-Arg-Ala-
' Ala~Leu-Ile-Glu-Glu-Gly-Gln-Arg-Ile-Ala-¥-(X)-2
(X-2) :

i
B :
| {A)-(B) - (X)-Y¥~-Ala-Ser-Arg-Ala-Ala-leu-Ile-Glu-Glu-Gly-
§ Gln-Arg-Ile-aAla-Glu-Met-Leu-Lys-Ser-Lys~¥-(X)-2
(XI~-2) .
i

(A) =(B) =(X) =-¥-Ile-Glu-Glu-Gly~Gln-Arg-Ile-Ala-Glu-Met~
Leu-Lys-Ser-Lys~-Ile-Gln~Gly~Leu~Leu~Gln~¥-(X) -2
(XII-2)}

{A)=(B)~(X)-¥-Ila-Ala-Glu-Met~-Leu-Lys-Ser-Lys-Ile-Gln~
Gly-Leu-leu~Gln-Gln-Ala-Ser-Lys-Gln-Ala-¥-(X)-2
(XIII-2)

B

(A)=(B)~(X)-¥-Ser-Lys-Ile-Gin-Gly-Leu-Leu-Gln-Gln-Ala-
Ser-LY?-Gln-Ala-Gln-Asp-Ile—Gln-Pro—Ala-Y-(x)-z
(XIV~-2

(A)-(B)~(X)~¥-Arg-Ser-Asp-Leu-~-Glu~Pro-Ser-Ile~Pro-Ser-
Glu~-Tyr~-Met-Leu~-Pro-Lys~Lys~-Arg-Phe-Pro-(X)~¥~2
(Xv-2)

(A)~-{B)-{X) -Y-Met-Leu-Pro-Lys~Lys-Arg~Phe~Pro-Pro-Ala-
Leu-Pro-Ala~-Trp-aAla-Arg-Pro~Asp~Tyr-Asn-¥-(X)-2
(XVI-2)

(A)-(B)~(X)-¥-Ala-Trp~-Ala-Arg-Pro-Asp-Tyr-Asn-Pro-Pro-
Leu~-Val=Glu-Ser-Trp-Lys-Arg-Pro-Asp-Tyr-¥-(X)-2
(XVII-2)

(A)=(B)=(X)-Y-Glu~-Ser-Trp-Lys-Arg-Pro-Asp-Tyr-Cln-Pro-
Ala-Thr-Val-Ala-Gly-Cys-Ala-Leu~Pro-Pro-¥-(X)-2
(XVIII-2)
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(A)=(B)=(X)=¥~-Val-Ala-Gly-Cys-Ala-Leu-Pro-Pro-Pro-Lys~

Lys-Thr-Pro-Thr-Pro-Pro-Pro-Arg-Arg-Arg-Y-(X) -2
{XIX-2)

<. or hybrid HCV peptide sequences consisting of combinations

”; - of the core epitopes of the HCV core (table 5) HCV NS4
(table 10) or the HCV NS5 (table 11) region separated by

!; Gly and/or Ser residues, and preferentially the following

!; hybrid HCV sequences:

L]

5

i

(A) ={B)=(X)~¥Y-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Gly-Gly-
Lys-Lys-Pro-Asp-Tyr-Glu-Pro-Pro-Val-Gly-Gly-Arg-Arg-Pro-
Gln-Asp~-Val=-Lys-Phe-Pro-¥-(X)-Z

(Epi-152)

(A) =(B) - (X) -Y-Trp-Ala-Arg-Pro-Asp-Tyr-Asn-Pro-Pro-Gly-Gly-
Gln-Phe-lys~-Gln-Lys-Ala-Leu-Gly-Leu-Gly-Ser-Gly-Val~-Tyr-
1 Leu-leu-Pro-Arg-Arg-Gly-Y-(X)-2Z

. (Epi-33B3A) |

. (A)={B)=(X)~Y~Arg-Cly-Arg-Arg-Gln-Pro-Ile-Pro-Lys~-Gly-Gly-

Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Cln-Ser-Gly-Pro-Val=-Val~

His-Gly-Cys-Pro=Leu-Pro-Y¥«(X)-Z

(Epi-4B2a6);

wherein A, B, X, Y and Z are defined in Claim 3,

or biotinylated synthetic sequences consisting of peptides
containing at each position all the amino acids found in
the naturally occuring isolates, with said peptides being
derived from any of the above-mentioned immunologically
important regions (see Figure 14).

5. Peptide composition according to claim 4 consisting of a
combination of biotinylated peptides selected from:

A, II, III, IVva, Va, IX, XI, XIII, XV, XVI, XVIII,
la.3, la.4, la.b, 1b.la, 2b, 24,

B. II, III, IVa, Va, IX, IX=-2, XI, XI-2, XIII,
XIII-2, XV, XV=-2, XVI, XVI-2, XVIII, XVIII-2,

1a.3, l1la.4, la.b, 1b.la, 2b, 24.

6. Peptide composition according to claim 4 consisting of a
combination of biotinylated peptides comprising:

l1a.3, la.4, 1b.1, 2b, 2c, 2d, I-gp46-3, I-gp46-4, I~-
gp46-5, .
pl9.

7. Peptide composition according to claim 4 consisting of a
combination of biotinylated peptides comprising:

la.3, la.4, la.6, 1lb.la, 24, I1I, III, IVa, Va, IX, XI,
XIII, XV, XVI, XVIII, XXa-2, XXc-2, XXg-2, XXh-2, I-gp46-3,
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1-gp46~4, I-gpaé-5, I-gp46-6, II-gp52~3, I-p21-2, I-pl9,
II-pls. :

8. Peptide composition according to claim 4 for detecting
or immunizing against HCV, comprising a peptide having an
amino acid sequence selected from the group of :

e e e

A. I, 111, IVa, Va,
B, II, III, IVa, Va,
c. IX, XI, XIII,
p. XV, XVI, XVIIT, XIX,
E. XXc-2, XXa-1, XXa-2, XXh-1l, XXh-2, XXg-2, XX/2-2,
F. IX-2, XI-2, XIII-2,
; G, XV-2, XVI-2, XVIII-2, XIX-2,
| H., IX, IX-2, XI, XI-2, XIII, XIII-2,
[ I. XV, XV=-2, XVI, XVI-2, XVIII, XVIII-2, XIX, XIX-2,
J. II' III‘ Ival va. Ix, IX-2, XI, XI-Z, XIII,
XITI-2, XV, XV-2, XVI, XVI-2, XVIII, XVIII-2,
X. II, III, IVa, Va, IX, XI, XIII, XV, XVI, XVIII,
L. II, III, IV, Vv, IX, XI, XIII, XV, XVI, XVIII,
M. II, III, IvVa, Va, IX, XI, XIII, XV, XVI, XVIII,
XXa-2, XXc-2, XXg-2, XXh-2.
N. Epi-152, Epi-33B3A, Epi-4B2aé

9, Peptide composition according to claim 4 for detecting
or immunizing against HIV, comprising a peptide having an
amino acid sequence selected from the group of :

for type 1l:
A. l1a.3, la.4, la.$5, la.b

B. 1‘-3, la.4, lho]., 1b03, 1b06, 1b.10,
c. ib.1, 1b.2, 1b.3, 1b.4, 1b.5, 1b.6, 1b.7, 1b.8,
1.9, 1b.10
D, 1b.1, 1b.2, 1b.3, 1b.4, 1b.6, 1b.lO,
BE. la.3, la.4, la.5, la.b, 1lb.la.
for type 2:
A. 2b, 2¢, 24, 2e.
for types 1 and 2: ' '
A- 1303, 13.4, 1b01' 2b, 20; 2d,
B. la.3, la.4, .1b.1a, 2b, 2d.

10. Peptide composition according to claim 4 for detecting
or immunizing against HTLV, comprising a peptide having an
amino acid sequence selected from the group of:

for Human T-Lymphotropic virus I:

Peptides I-gp46-3, I-gpd6-4, I-gp46-5, I-gpd6-6, I-
p21-2, I-pl9
for Human T-Lymphotropic virus type II:

peptides II-gp52-1, II-gpS2-2, II-gp52-~-3, I~gp46-4,
1I-p19, I-p21-2.
for Human lymphotropic virus types I and II:

Peptides I-gp46-3, I-gp46-4, I-gp46~5, I-gp46-6, II~
gp52-1, Ilgp52-2, II~gp§2-3, I-p21-2, I-pl9, II-pl9.

This Sheet Has Been Replaced

ARl




e R R

190

11. Process for the in vitro determination of antibodies to
HCV, and/or HIV, and/or HTLV I or II by using a peptide
composition according to any of claims 4 to 10 in an
immunoassay procedure, wherein the bilotinylated peptides
used are in the form of complexes of streptavidin-
biotinylated or of avidin-biotinylated peptides.

12. Process for the in vitro determination of antibodies to
HIV or dlagnoeis of HIV infection by using a peptide
composition according to claims 4, 5, 6, 7 or 9 in an
immunoassay procedure, wherein the biotinylated peptides
used are in the form of complexes of streptavidin-
biotinylated or of avidin-biotinylated peptides.

13. Process for the in vitro determination of antibodies to
HCV or diagnosis of HCV infection by using a peptide
composition according to claims 4, 5, 6, 7 or 8 in an
immunoassay procedure, wherein the biotinylated peptides
used are in the form of complexes of streptavidin-
biotinylated or of avidin-biotinylated peptides.

14. Process for the in vitro determination of antibodies to
HTLV I or II or diagnosis of HTLV I or II infection by
using a peptide composition according to claims 4, 5, 6, 7
or 10 in an immunoassay procedure, wherein the biotinylated
peptides wused are in the form of complexes of
streptavidin-biotinylated or of avidin- Dbiotinylated
peptides.

15. Use of a peptide composition according to any of claims
4 to 10, for immunisation against HIV, and/or HCV, and/or
HTLV I or II infection.

16. Process for cbtaining biotinylated peptides according
to any of claims 4 to 10 in which N-a@-Fmoc-X (N-y-~biotin)
or N-a-Fmoc-X (N-y-biotin) derivative is used as
intermediary product, wherein X represents

NH - faH - COOH
(cua),
NH

wheve n is at least 1 but less than 10 and is preferably
between 3 and 6, one amino group being attached to the Ca
atonm while the other being attached to carbon Cy, which is
the most distal carbon in the side chain; or their esters
obtained with alcohol ROH and more particularly the
pentafluorophenyl ester:

= y representing position y with respect to the carbon atom
carrying the COOH group in the radical.
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17. Process accotding to claim .6, wherein N-a-Fmoc-x (N=-
y-biotin) 18 N-a-Fmoc-Lys (N~¢-blotin) or N-e-Fmoc-
ornithinyl (N-e-biotin).

18. Process for preparing a carboxy terminal biotinylated
peptide, comprising the following steps:

{ - goupling of a carboxy-~activated form of the intermediary
% product as defined above to a cleavable linker attached to
the resin, for instance to obtaln the following compound:
(?)
Fmoc ~ L =~ resin,

-~ deprotection of the & amino group of the intermediary
compound, for instance by means of piperidine to obtain:
B

HN - L - resin,

- successive addition of the subsequent amino acids AA....
An, duly protected onto

(B)
l

H,N - L - resin,

to obtain:
(?)
Fmoc - AR, ...« AAg -~ L = resin,

~ deprotection of the NH;-terminal for instance by means of
piperidine, :

- deprotection of the compound obtained, cleavage from the
resin, extraction and purification of the peptide obtained,
biotinylated at its carboxy terminal end, the steps of side
chain deprotection and cleavage being 1liable to be
performed simultaneously or separately, and particularly
deprotection of the NH,-terminal, for instance by means of
piperidine, '

- cleavage from the resin for instance with trifluoroacetic
acid, in the presence of scavengers such as ethanedithiol,
or thioanisole, or anisole, - extraction of the peptide
with a solvent such as diethylether to remove most of the
acid and scavengers,

- purification, such as with HPLC to obtain:
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19. Process for Dpreparing a N-terminal biotinylated
peptide, comprising the following steps:

- addition of the subsequent amino acids duly protected
onto the resin to give:

Fmoc = AAy ses.0 AA, - reéin,

- deprotection of the NH,-terminal for instance by means of
piperidine,

i 8
i 8
1
E,‘
[
3
b
I
i

- addition of the intermediary product:

(?)

Fmoc - L

through its COOH onto the NH,-terminal to obtain:

(B)
I

Fmoc - L - AAn ce 000 M‘ - rQSin‘

- deprotection of the NH; terminal group of the compound
obtained, cleavage from the |resin, extraction and
purification of the peptide obtained, biotinylated at its
amino terminal, the steps of side chain deprotection and
cleavage being liable to be performed simultaneously or
separately, and particularly deprotection of the NH-
terminal group of the intermediary group, for instance by
means of piperidine,

- cleavage from the resin for instance with an acid such as
trifluorcacetic acid, in the presence of scavengers such as
ethanedithiol, thiocanisole, or anisole,

~ extraction of the peptide with a solvent such as
diethylether to remove most the acid and scavengers,

- purifidation, such as with HPLC to obtain:
(?)

20. Process for preparing an internally biotinylated
peptide, comprising the following steps:
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(I

- addition of successive amino acids duly protected onto
the resin to give: Fmoo — AR, «¢sss AAy - resin,

*= deprotection of the NH,-terminal,
- addition of the intermediary product:

(B)
|

Fmoc - L

103

through its COOH onto the NH,~-terminal to obtain:

x
.
]
Ly
{.
H

- (B)
. ]

Fmoc - L - AAn ceraen AA] - reSin'

- deprotection of the e amino group of the intermediary
compound, for instance by means of piperidine to cobtain:

(B)
|

I-l - AA" o e AA, -l reSin,

- addition of the subsequent amino acids duly protected
onto the resin to give:

(?)
Fnoc - AAn e vee M' - L - AAII sv s 00 M1 - reSin,

~ deprotection of the NH, terminal group of the compound
obtained, <cleavage from the resin, extraction and
purification of the peptide cbtained, biotinylated at its
anino-terminal, the steps of side chain depretection and
cleavage being liable to be performed simultaneously or
separately, and - particularly, deprotection of the NH,
terninal group of the peptide, for instance by means of
piperidine

-~ cleavage from the resin for instance with trifluorcacetic
acid, in the presence of scavengers such as ethanedithiol,
or thicanisole, or anisole,

- extraction of the peptide with a solvent such as
diethylether to remove most of the acid and scavengers,

- purification, such as with HPLC to obtain:

(?}
AAn soene M‘ = L cesene AA".

21. Compound of formula:
N-a-Fmoc-X (N-y=-biotin)

-y e
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or N-a-Fmoc-X (N-y-biotin),
wherein X represents NH - CaH =~ COOH
| (CH2)

b

whare n is at least 1 but less than 10 and is preferably
between 3 and 6, one amino group being attached to the Ca
atom while the other being attached to carbon Cy, which is
the most distal carbon in the side chain; or their esters
obtained with alcohol ROH and particularly the
pentafluorophenyl ester;

- y representing position y with respect to the carbon atom
carrying the COOH group in the radical.

22. Process for preparing the compound according to claim
21, comprising the following steps:

- reaction of a diamino~, monocarboxylic acid previously
described with fluorenylmethysuccinimidylcarbonate or
fluorenylmethyl chloroformate under conditions of carefully
controlled pH to glve the singly protected N-a-Fmoc
derivative,

- or alternatively, use of commercially available N~-a-~
Fmoc-protected diamino-monocarboxylic acids when the side
chain amino group is provided with a protecting group which
is different from the Fmoc group used to protect the a-
amino group, the side chain amino group protection being
liable to be selectively removed under conditions which
leave the N-g-Fmoc group intact,

- purification of the mono-protected
N-a-Fmoc-diamino-monocarboxylic acia derivative by
selective extractions and chromatography,

- reaction of the derivative obtained with a carboxy-
activated derivative ot biotin, such as N-
hydroxysuccinimide biotin, to obtain the (N-a-Fmoe)«(N-y-
biotin) derivative which is the desired intermediary
preoduct,

- purification of the intermediary product by selective
extractions, precipitations, or chromatography.
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