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RETRO-, INVERSO-, AND RETRO- INVERSQO SYNTHETIC PEPTIDE ANALOGUES
TECHNICAL FIELD

The invention relates to synthetic peptide antigen

analogues of native peptide antigens with partial or
complete retro, inverso or retro-inverso modifications.
When administered as an immunogen to an immunocompetent
host the synthetic peptide antigen analogues induce the
production’ of antibodies which reccgnise the native
peptide antigen. The invention also relates to uses of
these analogues, to vaccines and methods of preparing
vaccines comprising these antigen analogues, and to

antibodies gensrated using these antigen analogues.

BACKCGRCOUND ART

The stereochemistry of polypeptides can be described
in terms of the topcchemical arrangement of the side
chains of the amino acid residues about the pclypeptide
backbecne which is defined by ths peptide bonds between
the amino acid residues and the ao-carbon atoms of the
bonded residues. In addition, polypeptide backbones have
distinct termini and thus direction.

The majority of naturally occurring amino acids are
L-amino acids. Naturally occurring polypeptides are
largely comprised of L-amino acids.

D-amino acids are the enantiomers of L-amino acids
and .form peptidés'which arz herein referred to as inverso
peptides, that is, peptides corresponding to native
peptides but made up of D-amino acids rather than L-aminc
acids.

Retro peptides are made up of L-amino acids in which
the amino acid resijues are assembled in opposite

direction to the nat.ve peptide sequence.
Retro-inverso moa' fication of naturally occurring
polypeptides involves t.e synthetic assemblage of amino

acids with «o-carbon stereschemistry cpposite to that of
the corresponding L-amino cids, i.e. D-

or D-a2llc-aminc

Tc tne native
Pectide seguence. A TeliIo-il-arsc analegue

¢zids. i1n reverse order Wil. respec:

Thus has



10

15

20

30

35

T2 010129

reversed termini and reversed direction of peptide bcnds
while approximately maintaining the topology of the side
chains as in the native peptide sequence.

Partial retro-inverso  peptide analogues are
polypeptides in which only part of the sequence is
reversed . and _ replaced with enantiomeric amino acid
regidues. Ssince the retro-inverted portion cof such an
analogue has reversed amino and carboxyl termini, the
amino acid resicues flanking the retro-inverted portion
are replaced by side-chain-analogous a-substituted
geminal-diaminomecthanes and malcnates, rxespectively.

orocesses for synthesis of retro-inverso peptide
analogues (Bcnelli et al., 1584; Verdini and Viscomi,

1985) and some processes for trne solid-phase synthesis of

partial  retro-inverso peptide analogues nave been
descriped (Pessi et al., 1987).

it has been observed that due to the
sterecspacificity of enzymes with respect to their

substraces, replacemsnt of L-amino acid residues with D-
amino acid residues 1in pepticde substrates generally
abolishes proteolytic enzyme recognition and/or activity,
although exceptions are Xnown.

Peptide hormcnes have Leen of particular interest as
targets for retro-inversion, presumably tecause their
analogues would have potential use as therapeutic agents.
partial, and in a few cases complete, retro-inverso
analogues of a numter of peptide hormones have been
prepared and tested (see, for example, Gecodman &and
Chorev, 1981).

Complete or extended partial retro-inversc analogues
of hormones have generally been found to be devoid of
piological activity. The lack of biological activity has
been attributed to possible complex structural changes
caused by extended moiification, the presence of reversed
chain termini or the presence of proline residues in the
sequences. Some partial retro-inverso analogues, that is
peptides in which only selected residues were mcdified on

the other hand, have been thewn vo retain or enhance
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biolcgical activity. Retro-inversion has also found
application in the area of rational design of enzyme
inhibitors. o

The fact that retro-inversion of biclogically active
peptides has met with only limited success in retaining
or enhancing the activity of the native peptide is
probably due to several reasons. Although sStructurally
very similar, it was realised early that peptides and
their retro-enantiomers arxe COpologicaliy not identical
and crystal structure and solution conformation studies
have borne this out. Biological activity of a peptide
hormone or neurotransmitter cepends primarily on its
dynamic interaction with a receptor, as well as on
transduction processes of the peptide-receptor comple:x.
It is now clear thar such interactions are complex
processes involving multiple conformational and
topological preperties. Consegquently it is not
surprising that a retro-inverso analogus may not be able
to mimic all of these properties.

The development of synthetic peptide vaccines has
been a very active field of research over the past two
decades (Arnon, 199); Steward and Howaxrd, 1987).
Unfortunately, not much is known about the chemistry of
antigen-antibody binding; only very few X-ray crystal
structures of antlbedy-antigsen complexes have been solved
to date (Davies et al., 1988). As a resulrt, prior to the
present invention, it was noc rossible to predict if
antibodies could be elicited against an inverso, retro or
retro-invarso pepticde and i such antibodies would ke
capable of recognising the natcive peptide antigen from
which the peptide sequence was derived. Lerner and co-
workers (Lerner, 1984) report the synthesis of native,
retro-, inverso- ard retro-ilverso forms of an influenza
virus haemagglutinin peptide. They claim that antibodies
raised against these peptides are not cross-reactive and
Ciat only antibodies against the native form peptide bind

TG the native pepride anriger.
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Oral immunisation, with the production of secretory
immunoglobulin A (IgA) antibodies in various muccsae, nhas
been used for many years, particularly for
gastrointestinal infections. Successful induction of a
systemic immune response to an orally administered
polypeptide antigen reguires that at least some of the
antigen is taken up into the circulation. It is now
known that intestinal peptide transport is a major
process, with the rerminal stages of protein digestion
occurring intracellularly after non-specific transport of
peptidés into the mucosal absorptive cells. There is
also irrefutable evidence that small amounts cof intact
peptides and proteins do enter the circulaticen from the
gut under normal circumstances. Due to inefficient
intestinal zbsorpticn and due to proteolytic degradation
of 'native' polypeptide antigens, the amount of antigen
reguired for oral immunisation generally far exceeds that
required for parenteral induction of systemic immunity.
Furthermore, oral presentation of such large quantities
of antigen often leads to the simultaneous induction cf
IgA/suppressor T-cell-mediated systemic tclerance which
acts to reduce the production of immuncglcbulin G (IgG)
antibcdies. Therefore, a need exists for non-tolerogenic
effective oral vaccines which can withstand proteclytic
attack.

DISCLOSURE OF THE INVENTION

Definitions

Throughout the specification and claims "retro
modified" refers to a peptide which is made up of L-amino
acids in which the amino acid residues are assembled in
opposite direction to the native peptide with respect TO
which it is retro modified.

Throughout the specification and claims "inverso
modified" refers to a peptide which is made up of D-amino
acids in which the amino acid residues are assembled in
the same direcrtion as tne native peptide with respec:t to

wnish it is inverso modified.
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Throughout the sgpecification and claims "retro-
jnverso modified" refers to a‘pepﬁide which is made up of
D-amino acids in which the amino acid residues are
assembled in the opposite direction to the native peptide
with respect to which it ig retro-inverso mecdified.

Throughout the specification and claims the term
vnative" refers to any sequence of 1, amino acids used as
a starting sequence for the preparation of partial or
complete retro, inverxso cr retro-inverso analogues.

The cerm "peptide" as used throughout the
specification and claims is to be understood to include
peptides of any length.

Throughout the pecification and claims the term
"antigenic fragment' ~afers to a peptide which 1is a
poftion of an antigen which ijtself is immunogenic oOT
cavable of binding antipodies.

The term rantigen” as used throughout the
specification and claims is to be understocd to include
immunogens as the context requires.

Throughout the specificaticn and claims the term
tantigen analcgue" xrefers to a peptide molecule capable
of mimicking the immunological activity of the native
peptide antigen with respect to whicn it is partially or
completely retro, inverso or retro-inverso modified.

partial medification refers to an analogue in which
a part of the native peptide is modified. The part(s)
modified must inclucde at least one mnminimum antigenic
fragment capable of producing and/or binding antibodies.
such fragments are variaple in length so that partially
modified analcgues can jnclude analogues in which as few
as two consecutive rasidues are modified. Typically at
least 5 or 6 consecutive resicues are modified.

Other amino acids, usually, put not restricted to L
isomers, can be added to .the antigen peptide for purposes
such as conjugation or ‘increasing solubility. Ccysteine
can be included as its Acm derivative to Dprevent

polymerisation or cyclisation of a peptide or replaced bY
amino butyric acid.
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The present inventicn relatés to parcially or
ccrpletely retro, inverso or retro-inverso modified

antigen asalogues of native peptide antigens which, when
administertd to an immunocompetent host aiz an immunogen,

induce the producticn of antibodies which recognise the
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native antigen. Surprisingly. the antigan analogues 1in
accordance with the invention have been shown to have
immunological activity and are therefore candidates for
the preparation of vaccines. Incorporation of D-amino
acids into peptide antigen analogues increases their
stapbility to degradation after administraticon. Further,

incorporation of D-amino acids has potential for oral

‘administration cf analogues. Having shown that

anticcdies.can be elicited against retro, inverso and
recro-inverso antigen analogues, which are capable of
recognising the native peptide antigen from which.the
sequence of the analogue was derived, it follows that
generally retro, inverso and retro-inverso antigen

znalogues can b2 zxpected tTo pe successiul since

‘antibody-antigen binding interacticns are not

fundamentally different from case TO case.

According to a first aspect of the present
invention, there is provided a synthetic peptide antigen
analogue of a native psptide antigen, which analogue is
vartially or completely Tetro modified with raspect TO
the native antigen.

According to a second aspect cf the present
invention there is provided a synthatic peptide antigen
analogue of a native peptide antigen, which aznalogue is

partially or completely inverso mo odified with respect LO
the native antigen.

According to a third aspect of the present
jnvention, there is provided a synthetic peptide antigen
analogue of a native peptide antigen, which analogue is
partially or completely retro-inverso modified with
respect to the native antigen. The analogues of the
invention induce the production of antibodies which
recognise the native veptide antigen when administered as
an immunogen to an immunocompetent host. In the case of
retroinverso -analogues it is iecognised that £further
modification can be recuired in special cases. Where the

chosen peotide anrtigen is smaller than the averag

1]

siz

w

of an ancibody-binding antigenic strucIiurs

Y

cthen thne

[
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and N-terminal groups will be as imporrtant as the
incernal residues in recognition of and binding to th=z
antibody. A completely retro-inverso version of such a
peptide antigen is likely to differ sufficiently from the
native peptide antigen at its ends to render it
ineffactive "as an antigen analogue. For ‘such peptides it
is desirable to either produce polymers made up of
multiple copies of the peptide or modify the ends of the
peptides by protecting them with, for instance,
additional residues joined to them or chemically
replacing them by side-chain-analcgous-substituted
geminal diaminomethanes and malonates. Other techniques
such as cyclizing these peptides may also be beneficial.

Typically, the antibodies raised are capable of
neutralising deleterious biological activity of the
native peptide antigens, however, it is to be understood
that antibodiss raised against the analogues of the
invention which are able to birnd the native peptide
anticen, whether or not they are also capable of such
neutralisation are of use, for instance, in diagnostic
applications. Given that the antigen analcgues of the
invention lezd to production of antibcdies which
recocnise the native antigen it follows that they are
candidates for vaccine compconents in situations where
vaccination against a native antigen is desirable. It is
recognised that in some individuals in a populaticn of
test animals a porticn will fail to respond to
immunisation because of major histocompatibilty complex
(MHC) restriction. Kowever those members of the
population which do respond, respond very well. This
lack of response is a common immunological phenomenon and
should not be considered to be an indication that
retroinverso antigen analogues have variable efficacy.

The invention also encompasses the antigen analogues
of the invention when used to immunise an immunccompetent
host.

According to a fourth aspect cf the present

inventction there is provided a2 vaccine comprising at isast
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one antigen analcgue of the presenc'inven:ion together
with a pharmaceutically or vererinarally acceptable
carrier, diluent, excipient and/or adjuvant.

vaccines of the invention may comprise antigen
analogues conjugated with a suitable carriexr or
synthesised with the analogue and a proteinaceous carrier
forming a continuous pclypeptide.

Vaccines of the invention can te formulated using
standard methods in the art of vaccine formulation.

Selection of appropriate diluents, carriers,
excipients and/or adjuvants can be made in accordance
with standard technigues in the arc.

preferably, ‘those synthetic peptide ancigen
analogues of the inventicn containing D-amino acids are
capable of eliciting immune responses which last longear
than the immune responserbcained with the corresponding
native antigen.

Typically the native antigen is any naturally
occurring polypeptide or antigenic iragment thereof,
wnich is capable oI eliciting an immune response in a
host. Native antigens in accordance with the inventicn
include peptides or polypeptides cf any length whose
amino acid ssquences stem from polypeptides of pathogens
such as poliomyelitis, hepatitis 3, foot and mouth
disease of livestock, tetanus, pertussis, HIV, cholera,
malaria, influenza, rabies oT diptheria causing agents,
or toxins such as rcbustoxin, heat labile toxin of
pathogenic Escherichia c011 strains and Shiga voxin frem
Shigella dysenteriae. Other antigens of interest include
Amyloid 8 protein (Alzheimer's disease) and human
chorionic gonadotropin and genadotropin releasing hormone
lcontraceptive vaccines).

preferred analogues of the invention are analogues
of the malarial antigeﬁ.which is the immunodominant
epitope of the circumsporozoite coat protein of P.
falciparum sporozoites or a diphtheria toxin antigen or

an EIV-1 antigen, HBV antigen OX robustoxin. More
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preferably the analogues are retro-inverso forms of these
molecules.

Vaccines of the inventicn may be administered to
hosts in need of such treatment by injection. Vaccines
incorporating D-amino acid containing analogues may also
be administered orally. When the vaccine is to be
administered by injection the antigen analogue can be
conjugated-to an appropriate carrier molecule and
injected via conventional methods for example
intramuscularly.

The present invention also provides a method of
vaccinating a host in need of such treatment which methed
comprises administering an effective amount of an antigen
analogue or vaccine according to the invention to
host.

.
tne

In a further aspect of the invention, antibodies
produced by immunisatiocn of a host with antigen analcgu=s
of the invention are provided. These antibodies are
useful as agents in the diagncsis, treatment and/ox
prophylaxis oI diseases, as well as drug delivery.

The invention also provides a method of analysis of
a sample for antibedies to a native peptide antigen
comprising using an antigen analogue of the antigen
according to the invention.

The invention additicnally provides a methoc of

analysis of a sample for the presence of a native peptide

antigen comprising using antibodies of the invention
which recognise the antigen.

The invention furthar provides a diagnostic kit

comprising at least one astigen analogue or antibody of

the invention, together with positive and negative

control standards. Where tha kit is to be used to detect

antibodies to a particular na:ive antigen, the kit will

comprise an antigen analogue oI the native antigen. Thé
positive standard may be an antibody of the invention

raised to that antigen analogue. The negative standard

tay be any non-cross-reacting antisody. Whereée the
d agnostic kit is to be used for tre Gsrection

-~
~

131

-
=
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native antigen, the kit will comprise antibody to an
analogue of the native antigen. The analogue of the
native antigen may be used as the positive standard. A
peptide not recognised by the antibody is used as
negative standard.

The invention also provides a method of preparing an
antigen analogue, of a native peptide antigen comprising
synthesisihg a partially or completely retxo, inverso or
~erro-inverso analogue of the native peptice antigen.

Other amino acids, usually, but not restricted to L
isomers, can be added O the antigen pepticde for purposes
such as conjugation ©r increasing solubility. Cysteine
can pe included as 1its 2cm derivative to prevent
polymerisation oI cyclisation cf a peptide or replaced DY
zmino butyric acid.

The invention further provides a methc& of preparing
a vaccine against a native peptide antigen whicn method
comprises: providing a Yetro, jnaverso Or retro-invexrso
analogue of the native peptice antigen; and aédmixing an
effective amount cf tnhe antigen analogue with a
pharmaceutically or werterinarally acceptable carrier,
diluent excipient and/or adjuvant. The method of
preparing a vaccine may additionally comprise conjugacing

the antigen analogue to 2@ suitable carrier molecule.

ARBREVIATICONS

2b antibedy

BOP (benzotriazolyloxy)tris(dimethylamino) phosphonium
hexa®luorophosphate (Castro’s reagent)

DMF dimezhyl formamice

BSA bovine serum albumin

ZLISA enzyme-linked immunosorpent assay
Fmoc 9-fluorenylmethoxycarbonyl

EPLC high—performance-liquid chromatography

Ig immunoglobulin
in inversc
i.p. intraperitoneal

KLE keyhole limpect haemocyanin
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Mod model

no normal (native!

PBS phosphate buffered saline (10 mM phosphate, 150mM
NaCl, pH 7.4)
Pfp pentafluorophenyl

PVC polyvinylchloride

re retro
ri retro-inverso
TFA triflucroacetic acid

Amino Acids:

L-aminc acids are indicated by an ubpar case
followed by lower case lettering e.g. Ala
L.-alanine.

D-amino acids are indicated by all lower case
abbreviations, e.g. ala indicates D-alanine.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 illustrates modifi ions which can be

A

made to an amino acid sequence in accordance with the

present invention. R*, R?, R3? and R® represent anmino acid
side chains, and Xaa represents any amino acid residue.
Tigure 2 shcws the rs=sults cf ELISA of retrc-

inverso model (mcd) peptide-KLH antiserum against
different immcbilised peptide-BSA. - noMod (), riMod

(+), reMod (), inMod (A), contrel 1 (x), control 2 (V).

Figure 3 shows the results cf ELISA o malaria
(Mal) -peptide antisera -(oral immunisation) against
peptide-BSA. - Serum/immobilised antigen: riMal/riMal
(A), riMal/noMal (+) , noMal/noMal (0O), nocMal/riMal (<),
non-immune serum/noMal (X).

Figure 4 shows the results ¢ ELISA of diphtheria
{(DIP) peptide-KLH antisera against immomilised '
peptide-BSA. - Serum/immobilized antigen: riDip/riDip
(A), riDip/nobip (+), noDip/neDip (0, necbip/ridip (C),
non-iﬁmune/noDip (x).

Figure 5 shows the resulzs of ELISA of diphthexs
D:p) peptide-KLH aptiszra against immobilised diphthers.
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toxin. - Anti-riDip (+). anti-noDip .(0) . ncon-immune serum
{0} .

Figure 6 shows the results of ELISA of orally
induced diphtheria (Dip) peztice antisera against
immobilised diphtheria toxin. - anti-noDip, 2 weeks (O);
anti-riDip, > weeks (+), anti-riDip, 8 weeks ().

Figure 7 shows the results of ELISA of
HIVgp4l(73§—7S3) anrisera against immobilized peptide:
serum/immobilised antigen.

Figure 8 shows the results of ELISA of HIVgp4l
monoclonals with gp4l peptides.

Figure 9 shows graphically the ELISA results
generated in Example 14.

O rikBV plate coating

B nokEBV plate coating

Figure 10 shows graphically the ELISA results
generated in Example 15.

S1: no-peptide-ccated wells

S2: ri-paptide-coated wells.

Figure 11 shows graphically the ELISA results
cenerated in Txample 16.

Sold iines: Antissra to ¥i-HEV perticde

Normal lines: Antisera to no-HBV pepti

i
Circle and diamond symbols: NO-EEV peptide-coated
Square and triangle symbols: ri-HBV reptide-coated

rigure 12 shows graphically the ELISA results
generated in Example 17. '

Bold lines: Antisera to ri-HBV peptide

Normal lines: Antisera to no-HBV peptide

, Circle and diamond symbols: no-HBV peptide-coated

wells.
Square and.tr;angle symbols: ri-HBV peptide-coated
wells. '
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BEST MCDE OF CARRYING OUT TEE INVENTION

Antigen analogues of the invention ars preparxed by
standard techniques for the preparation of L and D amino
acid containing peptides, particularly as outlined in
Example 1.

Vaccines of the invention are formulated by
standard techniqﬁes for vaccine formulation using
standard carriers, diluents, excipients and/or adjuvants
suitable Tor the formulation of oral or injectable
vaccines. Effective amounts of antigen analogues to be
incorporated in the vaccines can be determined in
accordance with standard mechods.

The vaccination regimes used are standard regimes
for the vaccination c¢f zanimal cr human hosts. These
regimes can be used where immunisation of che host is
desired or where the host is being used to produce
antibodies for exogencus use. Diagnostic kits cof the
invention are prepared by standard methods for the
preparation of the reaagents and controls of such kits.

Generally the diagnostic kits are in radio
immunocassay (RI&) or immunofluorescence or ELISA formats:
the latter can be carried out as described in Example 4.

Where the analcgues or antibodies raised againstc
them are used in the detection of a2 native antigen or an
antibody against it, the appropriate agent can be used in
immunoassay format against a sample to be tested with
appropriate controls.

The invention is further described in the
following examples which are illustrative of the
invention tut in no way limiting on its scope.

The follouwing examples show that antigen analoguss
in accordance with the invention suilnrisingly can elicitc
antibocdies capable of reccgnising the native sequence,
not only in the form of a peptide, but also when
contained -in the provein from which it Wwas derived.

“hree antigen sequences were chosen and te:ted for. their
aility to produce antibodies capable of recsgnizing and

in eracring with the parent native seguence (Examples =

= .
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6 and 7). ©One antigen sequence (Example 5) was a mcde

t—

without biological relevance, while the other two antigen
sedquences (Examples 6 andﬁ?\ represent synthetic peptide
antigens whose potential usefulness as vaccines against
malaria and diphtheria. respectively. has been
demonstrated previously. The cbserved cross-reactivicy of
antibodies against 'native' and rerro-inverso peptides
strongly indicates that antibodies recognise antigens
primarily by the constellation of their amino acid side
chains independently of their backbone. in all thres
cases studied polyclonal antibeay preparations against
retro-inverso pepticde antigens appeared tO pind equally
well to the parent seguence and to the retro-inverted
antigen.

Conventional immunisation with recro-inverso
antigens ccnjugated O carrier proteins, and oral
immunisation with free retro-inverso antigens, are shown
to be feasible. The apility to induce cross-reactivs
serum antibodies TO retro-inverso antigens indicates the
utility of such antigens as vaccines. &S demonstrated,
these antigens are amenabie to immunisation without
carrier proteins, not only by injection, but also by oral
administration. propably this is dependent on at laast
one T-cell epitcpe being present. This observation,
together with the finding that the immune response to
retro-inverso antigens is relatively iong-lived, indicate
the utility'of chese analogues in overcoming the two main
problems of existing experimental synthetic pasTice

vaccines.

Peptide gynthesis

peptides were synthesised py a solid-phase method
on polyamide (Arshady et al., 1981) or Polyhipe Supports
using gide-chain protacted Fmoc amino acids (Carpino &
Han, 1872), essencially as described by Eberle st al.
{1986). Cnly pure amino acid derivatives, obtained

commerciaily cr by syncthesls. wWere used. The polyamice
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synthesis resins, derivatised with p-alkoxypenzyl
alcohol-based linkage agents, Were esterified
guantitatively with the appropriate preformed C-terminzal
Fmoc-amino acid symmetrical anhydrides, in the presence
of 0.2 molar equivalents of N,N-dimethylaminopyridine and
N-methylmorpholine. The Dolvhipe resin derivatised with
moc-Rink linkexr (Rink, 1987) did not reguire
esterification of the first amino acid to it. Chain
elongation was carried out using Fmoc-amino acid
pentafluorophenyl esters (Atherton et al., 1588) cr
Castro's reagent/l~hydroxybenzotriazole coupling (Hudson,
1988). The progress of each synthesis was monitored
using a specific colcur test (dancock & Battersby, 157¢)
and/or amino acid analysis of acid-nydrolysed peptidyl
resin samples.

.The peptides were cleaved from the resins and
side-chain deprotected with the 2id cf TFA, containing 2
suitable mixture of scavenger chemicals (Tam, 1988).
After filtration and vacuum evaporation, the peptides
were triturated with diethyl ether, collected by
centrifugation ané lyophilised from agueous ammonium
bicarbonate solution.

All peptides then underwsnt an initial desalting
and purification step oY column chromatography on
suitable gel filtration media in agueous solvents.
afrterwaras they were purified to hcmogeneity by
reversed-phase HPLC using water-aceronitrile (containing
0.05-0.1% TFA) gradient elution. The purity of the
synthetic peptides was further assessed by gas-phase acid
hydrolysis/amino acid analysis ‘Bidlingmeyer et al.,
1987) and, if deemed necessary, Ly automated gas-phase
sequencing (Hunkapiller & Hood, 1383). '
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EXAMPLE 2

Pepride-carrier protein conijugation

Synthetic peptides were coupled via their cysteine
thiol groups to carrier proteins using a method adapted
from Liu et al. (1979), as follows:

KL (40mg) or BSA (100mg) was dissolved in 3mL 30mM
phesphate buffer, pH 6.0. _
m-Maleimidobenzoyl-N-hydroxysuccinimide ester (MBS: 0.2
mL of a fresh 25mg/mL stock solution in
N,N-dimethylformamide) was added slowly and the mixture
stirred at room temperature for 30 min. It was then
immediately filtered through a 0.&mm membrane and pumpad
S

onto a column (11 x 170mm) of Sephacryl S$-300. This wa

developed at 0.23mL/min with pH § buffer. The

protein-M3-containing fractions were collected, pooled
and added to prepared peptide soluticn (10 pmol in pH 7.5
phoschate buffer). The pH of this mixture was adjusced
to 7.5 with 0.1M NaOH; it was then flushed with nitrogen,
sealed and stirred magnetically for 2.5h. After
exhaustive dialysis (M, 12,000-15,000 cut-off) against
dilute ammonium bicarbonate, the protein-carrier protein
conjugates wsre isolated by lycphilisation. All aqueous

solution wers degassed prior ToO use.

E 1PT 3
Tnmunisation

Young Swiss albino mice were used for
immunisation. Intraperitoneal (i.p.) injecticns of
peptidé~KLH conjucates were made without ény adjuvant.
Oral immunisations were carried out by feeding starved
nice with food pellets into which the appropriate antigen
solution had been soaked.

EXAMDLE 4

E1L.IS: procedures

The wells of PVC microtitre plates were ccated

]

with the appreopriate antigen (0.25-1C ug/welli . dissclved
in

1,

'.l

iluts carbenace/bicarbonate buffer, pHE 2.2. overnight
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at 4°C. Aifter aspiration, blocking was effected bV
incubation for 2h with &% BSA or boiled casein, C.05%
Tween-20 in PES. The wells were then washed several
cimes with 0.1% Tween-20 in pPBS before addition of
antiserum, serially diluted in blocking solution. after
incubation for 4h, the plates were again washed. Bound
1gG was detected by incubation for 1h with suitably
diluted (in blocking solution) affinity-purified
anci-mouse IgG-horseradish peroxidase, washing and
development with 0.5 mg/mbL o-phenylenediamine, 0.01%
peroxide at pH S5 in the dark. Colour development was

stopped by the addition of 4M sulpnhuric acid. The plates
W

axr

M

chen read immediately at a wavelength oI 452 nm.
211 incubation steps, with the exception of
coating, were carried out at room temperature and with

agitation of the plates.

EXAMPLE 5

Analvsis of antibodv croduction and activity of

antibodies raised to a svnrhetic antigen seguence without

biolecgical relevance

The following model dodecapeptices were
synthesised using cysteine thiol protection as ths tricyl
thiocether and cleavage oI pepridyl resin with 5%
thiophenol in TFA for 20 min. Protein conjugates wezre
prepared for the purposes of immunisation.

Normal (native) peptide (L-amino acids, N->C
direction) noMod: H-Gly—Cys-Gly—Pro—Leu-Ala—Gln—?ro—Leu-
Ala-Gln-Gly-OH (SEQ ID No.1l)

Rerro-inverso peptide (D-amino acids, C-»>N direction)
riMod: H—Gly-gln—ala—leu~pro-gln~ala4leu-pro—Gly—Cys—Gly-
OH ' |

Retro peptide (L-amino acids, C->N direction)
remod: H-Gly-Gln—Ala—Leu-Pro-Gln—Ala—Leu-Pro-Gly—Cys-Gly—
OH (SEQ ID No.2) ‘

Inverso peptide (D-amino acicds. N->C direction)
inMod: H-Gly—Cys-Gly—pro-leu—ala—gln—pro‘leu-ala-gln—ely—
10)
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Intraoeritoneal Immunisation

Groups of four mice per antigen were immunised
intfaperitoneally wirth 0.2 mg/dcse of KLH-peptide in
0.1imL PBS. Boosters were given 4, 9 and 16 days later.
anti-peptide antibodies in the pooled sera (from each
group) were Teasured in an ELISA using immobilised
BSA-peptide conjugates. _

It was found that all four antigens, including the
D-amino acid-containing ones, Were immunogenic. The
antisera exhibited very similar antibocdy levels wnan
assayed against approximately equal amounts of
immobilised BSA conjugates of their respective peptide
antigens. Furthermore, antipodies in each of the
antisera also bound TO the other three peptide antigens.
The results of one such assay, where pinding of the
retro-inverso peptide-KLH antiserum to all four peptices
was measured, is shown in FPigure 2. The fact that nct
only cross-rzaction of noMod and rilMed antibodies wWas
observed, but also of sntipodies against the
nonfisosteric antigens, was particularly surprising.

This would indicate that the antibodies studied reccgnise

amino acid side chain groupings in the antigen without

(el

O

any regard the secguence direction and absolute
configuration cf the y-carbon atoms. Furthermore, the
presenée of prcline residues in the peptide seguences dic
not prevent the D-2amino acid-containing peptides from

successfully mimicking che native sequence, as nas been

 observed in retro-inverso peptide hormone analogues.

In order to account for rhe antibodies specific
for the carrier proteln attachment site -Gly-Cys-Gly-,
i.e. the portion common to all antigens, an antiserum
against a KLH conjugate of a 14-residue pepticde with
conpletely unralated sequence, but containing the same
attachment site, was also assaved (control 1 in Figure
2). As can be seen, antibcdies to this site do not
appear to contribute significantly tO the cbserved
cross-reactivity (control 2 refers to cbserved binding of

rha riMod-XLH antiserum TO 3SA onliy!).
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Oral Immunisation
Oral immunisation with the free, i.e.

non-conjugated, native and retro-inverso model

peptides
was carried out as follows: 0.3 mg/dose of the peptides
in 50mL PBS was administered to groups of mice according

to the schedule cutlined above for the i.p. immunisation.
The results of the ELISA of the resulting sera are

summarised in Table 1. Results from the corresponding

immunisations by injection are included for the purpose
cf comparison.
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610129

ELISA of model veoptide antisera

Iimmobilised Admini- Antiserum Days after Titre?
Material stration last

route booster
riMod-BSA i.p. riMod-KLH & >3,000
riMod-BSA 1.D. noMod-KLH >5,000
riMod-BSA non-immune 8C
riMod-BSA i.p. control® ) €4
BSA only i.c. riMod-KLH 120
riMod-BSA oral riMed 6 512
riMod-BSA coral riMed 13 2,048
riMcd-BSA oral riMod 26 2,048
riMod-BSA oral riMod 40 1,024
noMod-RBSA i.p. noMod-XLH 1) >5,000
ncMod-BSA i.p. riMod-KLH >5,000
noMod-BSAa non-immune 80
BSA only i.D. noMcd-XLH ) &
noMod-38Sa oral riMcd i3 2,048
noMod-BSA oral noMod 6 0
noMod-BSA oral noMod 13 0

a Reciprocal of

statistically

significant signal.

highest sgerum dilutien giving
g g S

b Control peptide of 14 residues with unrelated sequencs,

apart from -Gly-Cys-Gly- protein conjugation site.

C-al immunisation oniy gave a detectable serum IgC

respinse in the case of tha retro-inverso
antibuiies in the retro-inver=o antiserum
cross-isgct fully with

retro-irverso peptide, in CONTXast to the

the native pepride.

peptide. Again
appeared to
Evidently the

native peptige

was capabe of entering the circulatien is a sufficrent
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quantity to mount an IgG response. That the retro-
inverso peptide is only slowly”degraded is also indicated
by the fact that anti-peptide IgG persisted in the blood
stream of the animals for many weeks.

- EXAMPLE &
a) Analysis of antibodv production and acrivity of

antibodies "raised to peptide seguences correspondinag to

the immunodominant epitrope of rhe Circumsporozoite coart

protein of P. falciparum sporozoites

The following four pepticdes, based on the
immunodominant epitope of the circumsporozoite coat

protein of P. falciparum sporozoites, were synthesised:

noMalCys: RB-Cys-Asn-ala-Asn-Pro-Asn-Ala-Asn-Pro-Asn-Ala
~Asn-Pro-0H (SEQ ID No.3)

noMal: H-Asn-Ala-Asn-Pro-aAsn-Ala-Asn-Pro-Asn-Ala-Asn
-Pruo-OH (SEQ ID No.4)

riMalCys: H—pro-asn-ala-asn-pro-asn-ala-asn—pro—asn-ala-
asn-Cys~CH

riMal: H-pro-asn-ala-asn-pro-asn-ala-asn-pro-asn-ala
-asn-~-0OH

The cysteine derivatives were protected as trityl
thicethers for synthesis. Sequence-internal asparagines
were ‘coupled without side-chain prorecticn as
pentafluorophenyl esters. The derrotection of
Fmoc-Asn-Pro-peptidyl resins was shyrtened to 3 min,
followed by three 15 sec DMF washes :nd immediate ‘
acylation with Fmoc-Ala-OH/BOP-HOBt, in order to minimise
loss (ca. 50%) of peptide due to diketopiperazine
formation. Asparagine was coupled to synh-hesis resin as
the Fmoc-Asn (Mbh)-OH symmetrical anhydride derivative.

Cleavage/deprotection was achieved with 5% thiushenol
in TFA for the noMalCys- and riMalCys-peptidyl resin~ and
with 5% agueous TFA for the noMal- and riMal-resins.
Alter cleavage, the crude riMal peptide was further

treared for 2h at room temperature with 5% thioanisole in
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TFA to remove completely the dimethoxybenzhydryl
protecting group.

Groups of mice were immunised i.p. at weekly intervals
for a total‘of four weeks with 100ug doses of noMalCys-
ané riMalCys-KLH conjugates. Blood was collected after
five weeks and the serum titres established by ELISA
(Table 2).

Table 2
ZLISA of antisera to malaria peptide-XLE conjugaces
Immobilised antigen Antiserum tO Titre®
noMalCys-2SA noMalCys-KLH >12,000
noMalCys-ESA riMalCys-KL= 1,500
riMalCys-BSA noMalCys-XLH >12,000
riMalCys-BSA riMalCys-KLH 3,000

a

Reciprocal of highest serum dilution sheowing
significant above background reading (average over four

individual sera).

Here the native antigen was found to be more
immuncgenic than the retro-inverso antigen. As in the
previous examples, the antisera were fully
cross-reactive. Mice were immunised orally with the
noMal and riMal peptides at weekly intervals for a total
of four weeks. Blood was collected anc assayed by ELISA
after five weeks. The results of the titration are shown
in Figure 3. Only the retro-inverso peptide induced a
significant titre of anti-peptide antibodies. There
appeared to be full cross-reactivity of these antibodies
with the normal peptide, in the same way as the

peptide-XLH antisera were fully cross-reactive.

b) Testing of no/riMal peptides with sera

from malaria patients

I- has been shown that high levels of

antibodies direcred against circumsporoz2oite protein
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repeat seguences can inhipit sporozoite develcpment

(Mazier et al., 1986). Furcharmore, a recombinant

m 1

i

r
vaccine concaining such repeats. as waell as a peptide
vaccina consisting of three NANP repeats coupled to
retanus toxoid, have shown some promise in clinical
trials (Herrington et al., 1987 & 1990). After having
demonscrated that antisera raised in animals against the
noMal and riMal peptides were cross-reactive, it was
important to Show chat anti-sporozoite antibodies 1in
numans with malaria recognised borth peprides.

Serum samples from Thai malaria patients were
obrained. Thase sera were known to contain ancibodies
against the immunocdominant epitope of the Plasmodium
falciparwun circumsporozoicte pretein (Wirtz et al., 1SB9).
With a few exceptions, all the patients had clinically
diagnesed ralaria and had suffered attacks recently-

Wwe ctested these sera for antibodies capable cf
binding te 2 recombinant circumsporoczoite construct, 2

synthetic polymer and noMal, all of which contain NAN?

repeats, as well as riMal. The results are summarised in
Table 3. As can be seen, for most sera there is good
correlaticn =i the ~esults, the binding to those antigens

large number ~f NANP? repeats being strongsxr.
In every case cross-reaction of the antisera between the
normal and retro-inverso forms cf the (NANP), peptide was
cbserved.

Table 3

iaG antikodies in human sera from malaria sufferers

recognise noMal and riMal peptides

Coated ELISA plates were incubated with serially diluted
human sera. The plates were zhen washed and bound
antibodies detected using anti-human IgG coupled tO
horseradish peroxidase: The results were expressed on a
scale where - signifies a titre (highest sexrum dilution
giving a significant signal) of 1/320 TO ++==s which
indizates a ctitre > 2.560. 11 resulcs were corrected

sor non-specific vipnding by using two non-related
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peptides, conjugated to BSA in the same way as noMal and

riMal, &s controls.
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Immobilised antigen?

Serum | (NANP)P;, |Falc 2.3 CS° | noMal-BSA | riMal-Bsa
014 s+ ++ 4+ + 4+ -~

01s - -+ . -

016 +++ + +++ + -

021 + +- + -

022 +++= - + -+

03¢ - -~ + +

048 - -+ - -

05¢ ++ - + -t -

0SS 4 + ++ + 44 -

061 ++ + + ++

063 +4+ +++ - ++

Q&7 - PURENE - 4+

115 -+ o+t + - -+t

122 + - - - +

122 - +++++ - +++

134 R ++++ -~ +

136 +4++ + i+ ++ +-

ELISA microtitre plates were coated With 10
pg/well of the appropriate antigen

A synthetic polymer, i.e. approximately 50
repeats of the Asn-Ala-asn-Pro sequence,
prepared according to Etlinger et al. -(1988).
A recombinant protein expressed in yeast (Barr
=t al., 1937) and ccntainirg residues 43 - 391

{Dame et al., 1984) cf the pb. falciparum
circumsporozoite protein,
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EXAMPLE 7 .
Analvsis of ancibedy production and activity of

antibodies raised to peptide seguences correspondine to

the amino acid seguence of diphtheria toxin

The following two peptides, based on the locp
sequence of the 14 amino acid residues subtended by the
disulphide bridge near the amino-terminus of the

diphtheria texin mclecule, werse synthesised:

noDip: H-Gly-Asn—Arg-Val—Arg-Arg—Ser—Val-Gly—Ser—Ser-
Leu-Lys-Cys-OH (SEQ ID No.5)
riDip: H-cys-lys-leu-ser-ser—Gly-val—ser—arg—arg-val-

arg-asn-Gly-CH

The side-chain protecting groups used were: trityl for
cysteine, t-butoxycarbonyl for lysine, t-butyl for serine
and 4-methoxy-2,3,6-trimethylbenzenesulphonyl for
arginine. Asparagine was coupled as the free side-chain
amide and in the form of the pentafluorophenyl ester
(Gausepohl et al., 1989) in both cases. Cleavace and
side-chain ceprotection were accomplished py reaction of
the peptidyi resins for 75 min at 0°C with 1M
trimethylsilyl bromide-thioanisole in TrA containing
0.25M 1,2-ethanedithiol (Yajima et al., 1988).

Mice (4 per antigen) were immunised i.p. with 100ug
doses of XLHi-conjugated normal and retro-inverso pepticde
on day 0, followed by boosters on days 4, 9 and 16.
Blood was collected on day 21 and the sera pooled. IcG
antibodies against the peptides were measured usiag an
FLISA with immobilised BSA-peptide conjugates. The
results are summarised in Figure 4. 3Both the normal and
the recrro-inverso peptide-KLH conjugates produced similar
titres of antibodies, acain showing that the presence of
unnatural amino acids in the antigen leads to retention
of immunogenicity. Furthermore, the results show that
IgG in both antisera recognise both antigens egually

well.
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The antisera were further assayed fox their capacity To
recognise their antigen sequence in diphtheria toxin
icrself. An ELISA with immobilised diphtheria toxin

(1pg/well) was used for this purpose. The results in

Figure 5 demonstrats that IgG antibecdies in both antisera

bound to the toxin. The retro-inverso-peptide-KLH

antiserum exhibited a very high antitoxin titre (ca. ten
times higher than the titre of the normal antiserum).

A further surprising result was reccrded upon oral

immunisation with the free native and retro-inverso

diphtheria peptides. lere mice were given a single dose
cf ca. 1mg peptide. After one and two weeks, serum

samples frcm aznimals immunised with eitner o
contained antibodies which bound to diphtheria toxin.

noth cases the anti-toxin titre was censiderzble. Eighc
waeks after immunisation, on the other hand, only the

animals having received the retro-inverso peptide
appeared Lo contain anti-toxin antibodies (Figure 6).
Firthermore, the titre measured was very high and
conparable to that obtained by boosted i.p. immunisation
with the corresponding XLH-conjugate.

izl

D
Many AIDS vaccines consisting

proteins or systhetic peptides hav

o
[o 2 1)
1
o
1]
o) .
H
0O
33
0
0

reing tested (Spalding, 1892).

mostly from the Virus coat glycCoproteins gpl20 and
have been asscciatel with the ability to induce virus-
neutralisirg antibodles. For our studies we chose the
gp¢1l sequences 735-753 (Chanh et al.,
(Klasse ecr al., 1988) and the

premred:

198€6) and 583-599

foli~wing peptides were

noHIVGyal (735-753) H-Tyr-Ap-Arg-Pro-Gle-Gly-Ile-Glu-

Glu-Glu-{ly-Gly-Glu-A:g-Asp-Arg-AsD-
Arg-Ser-Nh.  (SEG IT M. 5
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riHIVgpal(735-753) H—ser-arg—asp-afg-asp—arg-glu-Gly-

' Gly-glu-giu—glu—ile-Gly-glu—pro—arg—
asp-tyr-NH; |

noHIVgp4l (583-599) H-Leu-Gln-Ala-Arg-Ile-Leu-Ala-val-
Glu-Arg-Tyr-Leu-Lys-Asp-Gln-Gln-Leu-
NH, (SEQ ID No.7)

inHIVgp41(583-399) H-leufgln—ala—arg-ile—leu—ala-val-

’ glu-arg—tyr-leu-lys-asp—gln-gln—leu—

NH,

riHIVgp41(583-5399) H-leu-gln—glnéasp—lys-leu—tyr—arg-
glu-val—ala-leu-ile-arg—ala-gln-leu—
NH,

The syntheses were carried out as usuval but using
synthesis resin with trialkoxydiphenyl-amide linkage
(Rink, 1987). <Cecnjugates with BSA and KLH were preparec
by glutaraldehyde pclymerisation according to Mariani et
al. (1987). Groups of mice were immunised with 100
pg/dose of the HIVgp4l (735-753) peptide-KLHE conjugates in
Freund's complete adjuvant, follcocwed by two bocster
injections with Freund's incomplete adjuvant at

fortnightly intervals. Blood was collected TWO weeks

‘after the last bocster and sera Were prepared.

Murine monoclonal hybridoma cell lines producing
antibodies against HIV-1gpél protein were obtainad oy
jmmunisation with recombinant ¢p4l. The spleen cells of
the animal with the best immune response were isolated
and fused with NS-1 myeloma cells using polyethylene
glycol-4,000. The resulring cells were plated out and
submitted to limiting dilution cloning.

Polyclonal antisera against both the HIVgp4al (735-753)
peptides were analysed by ELISA. The results are shown
in Figure 7. ELISA plates were coated with _
neHIVgpé4l (735-753) -BSA and riHIVgp4l(735-753) -BSA at 5
pg/well for 1 h in carbonate buffer, pH 9.6. afrter 1 h,
the plates were blocked with boiled casein solution.
They were then incubated for 1 h with serially diluted
seré from mice immunised with zhe peptide-KLH conjugaces.

A goat-anti-mouse IgG antibody labelled with horseracisn
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peroxidase was used for detecticn. The results were
corrected for non-specific binding (determined using
unrelated peptide-BSA conjugates). The averages of five
data points (corresponding to five individual mice per
antigen group) are plotted. The data point labels (e.g.
no/no) refer to coated antigen/antiserum. Clearly the
extent of cross-reacticn between the antibodies to the
two forms of the peptide is high. In crder to
demonstrate that individual antibodies are capable of
recognising different forms of a peptide, ELISA
experiments were carried out using monoclonal antibodies
against gp4l. The resulrts with the HIVgp41(583-599)
peptrides are shown in Figure 8. A library of cell lines
producing antibodies againsct HIVgr4l was prescreened by
ELISA using noHIVgpél (583-529) -BSA immebilised on
microtitre plates. Twenty four clones were Zurther

tested: 100 ul of ce=ll supernatant was incubated with

n

/well cf each of the three peptide-BSA conjugates.
= & J

1)

=
[¢4]

plates were washed and bound antibodies detected with

r
it

aid of an anti-mouse IgG-horseradish peroxidase
conjugate. The unccrrected colour signals after
development with o—phenylenediamine/peroxide are plotzad
against the cell line designations. In every case wherz a
monocleonal antibody recognised cne form of the psptice,
it also bound to the other two forms; indesed the extent
cf cross-reaccicn appezred to be complete. Some cell
lines against gp4l which recognised tne HiVgp4l (735-753)
peptides were also identified, a2gain cross-reacticn was
found.

EX2MPL=

Retro-inverso robustoxin (riRex)

The potentially lethal robustoxin is found in the venom
of the male funnel-web.-spider (Nichclson et al., 1591).
It has been shown that immunisation with a vaccine
prepared from a synthetic analogue of this toxin can
prctECt'mice and mcnkeys from challenges with native

toxin (Mvlecharans et ai.. 1851). In crder to
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demonstrate the utility of rerro-inverso peptides as
vaccines, & retro-inverso analogue of robustoxin, having

+he following sequence, was prepared:

H—cys(Acm)-lys—lys-phe-1eu-Gly—thr—ile—thr—thr-glu-
cys(Acm)—ser:Gly-gln-gln-asn-tyr-trp-ala—tyr-ile-
cys(Acm)-lys-met—pro-cys(Acm)-cys(Acm)-cys(Acm)-asp-glu—

asn—lys-Gl?-cys(Acm)-trp-asn-arg-lys-lys-ala-cys(Acm)-OH

The peptide was purified and ijrs structure verified by
gas-phase sequence analysis. The vaccine was prepared bY
polymerising 0.2 m¢ of the peptide and 0.8 mg KLH in 1 mL
of phosphate-buffered saline with 10 pL of 25 % ag.
glutaraldenyde at room temperature overnight. The
reacrion was stopped by the addition of 100 pL of 2 %

lysine solution.

Groups of mics were immunised with this material or
with a vaccine prepared similarly kut using normal
Cys(Acm)—prcteczed synthetic robustoxin accordéing TO the
following schedule: fortnightly injections of 50 ug
pepticde-XiH, the Zirst two subcutareously and three morse
hoosters intraperitoneally. These animals, as well as
non-immunised contrels, were rhen challenged 14 weeks
afrer the last booster immunisacion with 2 minimal lethal
doses (the lethal dose determination was carried out
immediately prior to the challenge) oI funnel-web spider
venom by intravenous injection. The non-immunised
animals succumbed within ten minutes, whereas those
immunised with the native vaccine survived. Of the ri-
Rex-XLH immunised individuals, one expired after 24 h

while the remaining seven survived the challenge.

CEXAMPLE 10
Hepatitis C virus envelope peptide

The following two peptides, based on tne envelope
seguence (306-320) of the hepatitis T ViITus, were

synthasised.
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noCeEnv H—Cys-Ser—Ile—Tyr-Pro—Gly-His—Ile—Thr—Gly-
His-Arg-Met—Ala-Trp—Asp-Me:—Met-Met—Asn—Trp-
Ser-Pro-Thr-Ala-OH (SEQ ID No.8)

riCEnv H-ala-thr-pré—ser—trp-asn-met—met-met-aSp—

trp-ala-met—arg—hiS*Gly—thr—ile-his-Gly-pro-

tyr-ile—ser-cys-NH2

The synthesis of noCEnv was carried out on polvamide
PepsynKA resin pre-esterified with Fmoc-Ala and riCEnv
was on Polyhipe Rink vesin. The side chain protecting
groups used were: trityl for cysteine, histidine and
asparagine, z-butyl for serine, threcnine and aspartic
acid and 2,2,5,7,8—pentamethyl chroman-6-sulghonyl for
arginine. Cleavage and side-chain deprotection were
acccmplished by veacticn cf the peptidyl resins for 90
min at 0°C with 1M trimethylsilylbromide-thioanisole in
TFA containing 0.23M 1,2-ethanedithiol (Yajima et al.,
1988). The peptides were conjugated to BSA &s descriked
in Example 2.

Both peptides were rested in ELISA using the method
described in Example 11 against sera from HCV positive
patients in China. NocCEnv detected 15/30 (50%) of

positive sera tested and riCeEnv gave similar results.

EXAMPLE 11
Hepatitis C cavsid pentide

The follcwing two peptides, based on the capsid
sequence (339-74) of the hepatitis C virus, Were
synthesised.
noCCap H—Cys*Arg—Arg~Gly—Pro-Arg—Leu—Gly-Val-Arg-

Ala—Thr-Arg—Lys-Thr—Ser—Glu-Arg-Ser—Gln—Pro-
Arg—Gly—Arg-Arg-Gln-Pro—Ile—Pro-Lys—Val-Arg—
Arg-Pro-Glu-Gly—Arg-OH (SEQ 1D No.9)
riCCap H-Cys—arg-Gly-glu-pro-arg—arg—val-lys-pro-
ile-pro-gln—arg~arg-Gly—arg-pro—gln—ser-arg—
glu-ser-:hr-lys-arg—thr—ala—arg-val—Gly—leu~

arg-pro—Gly-arg—arg-NH:
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The synthesis of noCCap was carried out on polyamide
PepsynKA resin pre-ésterified with Fmoc-Arg(Mtr) arnd
riCCap was on Polyhipe Rink resin. The side chain
protecting grcups used were: trityl for cysteine and
glutamine, t-butyl for serine, threonine and glutamic
acid, t—buto&ycarbonyl for lysine and 2.2,5,7,8-
pentamethyl chroman-6-sulphonyl Zfor arginine. Cleavacge
and side-chain deprotection were accomplished by reaction
of the peptidyl resins for 90 min at 0°C with 1M
trimethylsilylbromide—thioanisole in TFA containing 0.25M
1,2-ethanedithiol (Yajima et al., 1988). The pertides
were conjugated to BSA as described in Example 2.

The wells of PVC microtitre plates were coated with the
appropriate antigen (0.03-1ug/well’] dissolved in dilute
carbonate/bicarbonate buffer pH2.8& and incubated
overnight at 4°C. After aspiration, blocking was
effected by incubation fcr 1 h at 37°C with
carbcnate/bicarbonate buffer pHS.$ containing 20% calf
serum. The wells wers then washed Iour times with 0.2%
Tween 20 in PBS before addition of antiserum, serially
diluted in céouble strength PBS containing 0.5% BSA, 10%

ing

calf serum and 0.2% Trizon X 100 (antibody bindl
e plates

buffer). After incubation for 1 n at 37°C, th
were again washed. 2ound IgG was detected by incubation
for 30 min at 37°C with suitably diluted affinity
purified anti-human IgG horse radish peroxidase in
antibody binding buffer. After washing, the plates were
developed with 3,3'5,5" tetramethylbenzidine (TMB), 0.01%
peroxide at pHS in the dark. Colcur develorment was
stopped by the addition of 2M sulphuric acid and the
plates were read at wavelengths of 450nm/630nm.

The BSA conjugated preptides noCCap and riCCap were
coated on ELISA plates and tested against sera £rom
Chinese hepatitis .C patients. The results are summarised
in the table below. In each case cross~-reaction between
normal and retro-inversc forms of the capsid peptide was
observed and with serum No.L the r2trC-1nversc percidsa

gave higher titres than th2 normal peptide.
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HIV DIAGNOSTIC PEPTIDES

Peptides from the envelcp2 protein of the Human

immunedeficiency wvirus

The following two peptides, based cn residues 579-

611 of the envelope protein of the human immunodeficiency

virus, were synthesised.

noHIVgpél(SHS-EIl) H-Arg-Ile-Leu-Ala-vVal-Glu-Arg-Tyr-
Leu-Lys-Asp-Gln-Gln-Leu-Leu-Gly-Ile-
Trp—Gly—Aba-Ser-Gly-Lys-Leu~Ile-Aba-
Thr-Thr-2la-Val-Pro-Trp-Asn-Cys-OH
(SEQ ID No.10)

riHIVgp4l1(579-611) E-Cys-asn-trp-pro-val-zla-thr-thr-
cys{acm)ile-leu-lys-CGly-sexr-
cys(Acm)Gly—trp-ile-Gly—leu-leu—gln-
gln—asp-lys-leu—tyr-arg~glu—val-ala-

leu-ile-arg-NH,

The synthasis cof ncHIVgp41l(579-611) was carried out
on polyamide PepsynXA resin pre-esterified with Fmoc-
Cys (trt) and riHIVgp4l(579-611) was on Polyhipe Rink
resin. The side chain protecting groups used were:
trityl for terminal cysteine, glutamine and asparagine,
t-butyl for serirne, threonine, aspartic acid, glutamic
acid and tyrosine, t-butoxycarbonyl fer lysine and
2,2,5,7,8-pentamethyl chroman-6-sulphonyl for arginine.
Cysteine was replaced by aminobutyric acid (2ba) in
ncHIVgp4l (579-511) and by cysteine with acetamidomethnyl
(Acm) protection of the sulfhydryl group in
riHIVGp4al(579-611). Cleavage and side-chain deprotection
were accomplished by reaction of the peptidyl resins for
90 min at 0°C with 1M trimethylsilylbromide-chioanisole
in TFA containing 0.25M 1,2-ethanedithiol (Yajima et al.,
1988). The acetamidomethyl (Acm) protection of cysteine
was not removed by this procedure. The peptides were

conjugated to BSA as described in Examplza 2.
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EXAMPLE 13
Peptides from gp4l cf the Human immanodeficiency virus

The following two peptides, based on the gp4l
protein sequence 735-752 of the human immunodeficiency
virus, were synthesised.
noKIVgp41l (735-753) H-Tyr-Asp-Arg-Pro-Glu-Gly-Ile-Glu-
Glu-Glu-Gly—Gly-Glu~Arg-Asp—Arg—Asp~
Arg-Sex-NH, (SEQ ID No.s)

ridIVgp4l (735-753) H-ser—arg—asp-arg-asp—arg-glu—Gly-
Gly—glu-glu—glu-ile-Gly-glu-p:o—arg-
asp-tyr-NH,

The synthesis of both peptides was carried ocut on
Polyhipe Rink resin. The side chain protecting groups
used were: t-butyl for serine, aspartic acid, glutamic
acid and tyrosine, and 2,2,35,7,8-pentamethyl chroman-6-
sulphonyl for arginine. Cleavage and side-chain
deprotection were accomplished by reaction of the
peptidyl resins for 90 min at 0°C with 1M
trimethylsilylbromide-thiocanisole in TFA centaining 0.235M
1,2-ethanedithiol (Yajima et al., 1988). A sulfhydryl
group was introduced at the N-terminus of these peptides
by reacticn with 2-imincthiolane.®Cl (Traut's Reagent) .
(Jue, R. et al., 1978). The peptides were conjugated to
BSA as described in Ixample 2.

" The wells of PVC microtitre plates were coated with
the appropriate antigen (0.05-1ug/well) dissolved in
dilute carbonate/bicarbonate buffer DH2.6 and incubated
overnight at 4°C. frer aspiration, blocking was
effected by incubaticn for 1 h at 37°C with
carbonate/bicarbonats suffer PHY9.6 containing 20% calf
serum. The wells were then washed four times with 0.2%
Tween 20 in PBS before addition of antiserum, serially
diluted in double strength .PBS containiag 0.5% BSA, 10%
calf serum and 0.2% Triton X 100 (antibocy binding
buffer). After incubation for i1 h at 37°C, the platcg
were again washed. Bound IgG was detscted by incubation

for 30 min at 37°C with suitably diluted affinity
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purified anti-human 1gG horse radish peroxidase in
antibody binding puffer. After washing, the plates wers
developed with 3,3'S,5" ctetramethylbenzidine (TMB), 0.01%
peroxide at pHS in the dark. Colour development was
stopped by the addicion of 2M sulphuric acid and the
plates were read at wavelengths of 450nm/630nm.

The BSA conjugated'peptides noHIVgp4l(579-611),
riHIVgp4l(579-611) from Example 12 and noHIVgpal (735-753)
and riHIVgp4l(735-753) from rhis Example were coated on
ELISA plates and tested in China against sera from
patients with HIV positive sera. The results are
summarised in the table below. In each case CrosSs-
reaction between normal and retro-inverso forms of the

gp4l peptide was opsexrved.
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EXAMPLE 14

Analvsis of antibodv production and activity of

antibodies raised to peptide seguences corresponding to

residues 126-137 of the surface protein of the Hevatitis
B virus.
The following two peptides, based on residues 1256-

137 of the surface protein of the Hepatitis B virus, were

synthesised: _

noH3V-5(126-137) H-Cys-Lys-Thr-Thr-Pro-Ala-Gln-Gly-
Asn-Ser-Met-Tyr-Prxo-Ser-OH {SEQ ID
MNo.11)

riHBV-S(126-137) H-Lys-ser-pro-tyr-met-ser-asn-Gly-

The synthesis of ncEBV-S(126-137) was carried out on
polyamide PepsynKA resin pre-esterified with Fmoc-
Ser (t2u) and riHBV-S$(125-137) was on polyamice PepsynKA
resin pre-esterified with Fmoc-Cys(trt). Lysine was nct
part of the HBY sequence put was included to increase
solubility. The side chain protecting groups used were:
trityl for cysteins, glutamine and asparagine, t-butyl
for serins, threonine and tyrosine and t-butoxycarbeonyl
for lysine. Cleavage and side-chain deprotection were
accomplished by reaction of the peptidyl resins for S0
min at room temperature with iOml of TFA, 0.25ml 1,2-
ethanedithiol, 0.5ml thicanisole, 0.5ml water and 0.75¢
phenol.

ncHBV-S(126-137) was conjugated to XLH and both
peptides were independently conjugated to BSA.

The XLH coniugate was emulsified in Freund's
complete adjuvant (1:1) and used to immunise white Swiss

mice according to the following schedule:
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Day 0: 20 pg of peptide in 100 pl emulsion, sub-
cutaneous (complerte Freund's) .

bay 10: 20 pug of peptide in 100 ul emulsion, sub-
cutaneous (incompletz Freund's).

Day 20: 20-ug of peptide in 100 ul emulsion, incra-

peritcneally (incecmplete Freund's).

The mice (4 in each group) were bled retro-orbitally
five days after the last injecticn and the serum used in
ELISA using microtitre plates coated with lpug/well of the

appropriate peptide ccnjugated to BSA.

O.D. 492 n=

Plate coating: NOHBV-S(126-137) | riHBV-S(126-137)
Antiserum to: noX3v noXd3V
Dilution:

1:50 2.552 3.057
1:100 2.673 2.9456
1:200 2.317 2.876
1:400 2.161 2.355
1:800 2.039 1.746
1:1,600 1.540 1.081
1:2,200 0.365 0.673
1:6,400 0.619 0.481
1:12,800 0.506 0.340
1:25,600 0.299 0.244

These results are presentec in grapn torm in Figure 9.
EXAMPLE 15
Analvsis of antibody producrion and activity of

antibodies raised to peptide secuences corresponding to

residues 126-137 of the surface protein of the Hepatitis

3 virus.

The following peptide, based on residues 125-137 of
the surface protein e¢f the Hepatitis 2 wvirus, was
synthesised.
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noHBV-S(126-137) H-Thr-Thr-Pro-Ala-Gln-Gly-Asn-Ser-
Met-Tyr-Pro-Ser-OH (SEQ ID No.12)
A potential T cell epitope was selected from the surface
protein, residues 20-33: -
| H-Phe-Leu-Leu-Thr-Arg-Ile-Leu-Thr-
) ile-Pro-Gln-Ser-Leu-Asp-OH (SEQ ID
No.13)

These peptides were synthesised on MAP (multiple
antigen peptide) resin with eight peptide branches
through lysine to each MAP core which was coupled to a
cysteine protected by the acetamido methyl group. The
side chain protecting groups used were: trityl for
glutamine and asparagine, t-butyl for serine, threonine,
aspartic acid and tyrosine and 2,2.,5,7,8-pentamethyl
chroman-6-sulphenyl for arginine. Cleavage and side-
chain deprotection of noH3V-S({126-137) were accomplished
by reaction of the peptidyl resin for 90 min ét room
temperature with 10ml of TFA, 0.25ml 1,2-ethanedithiol,
0.5ml thiocanisole, 0.3ml water and 0.759g phenol.
Cleavage and side-chain deprotaction of the potential T
cell epitope were acccmplished by reaction of the
peptidyl resin for 90 min at 0°C with 1M
trimethylsilylbromide-thicanisole in TFA, containing
0.25M 1,2-ethanedithiol (Yajima et al., 1988) .

Dimerisaticn of the two MAPs, noH3V-S(126-137) and
the potential T cell epitocpe, in egquimolar amounts by
oxidation to the disulphide with iodine in acetic acid

was carried out by the method of Tam and Lu (1989) .

. ’ T peplide
B peptd PeP
pepu c\ Lys L)’S< -
B peplide N\ L Ly 7~ T pepuce
ys s .
B peptide —__ . P \ Lys /T peplids
s . .
B peptide / Y \ T peptide
. Lys Cys ——C'ysLys
fAla Ala T pepiide
B peplide Lys / \ Lys -~ -
B peplide ~~ L : Ly yd N\T peptde
ys 3 .
. T d
B peptide ~__ Lys/ - N Lys/ pepuce

B peptide—" : - ‘ \T peplide
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The above construct was emulsified in Freund's
complete adjuvant (1:1) and used to immunise white Swiss

mice according to the following schedule:

Day 0: 207pg of peptide in 100 u) emulsion, sub-
5 cutaneous (complete Freund's) .
Day 10: 20 ug of peptide in 100 uil emulsion, sub-

cutaneous (incomplete Freund's).
Day 20: 20 pug of peptide in 100 pl emulsicn, intra-

peritoneally (incomplete Freund's).

10 The mice (4 in =ach group) waraz bied retro-orbitally

five days arfter the las: injection and the serum used in

[

ELISA using microtitre plates coated with lpg/well of

either no-HBV-S(126-137) or ri-HBV-S(126-137) both of

them conjugated to 28A.

0.D. 432 nnm
15 Plate coating: noHBV-S (126-137) riHBV-5(126-137)
Dilution:
1:50 2.643 2.813
1:100 2.697 2.688
1:200 2.528 2.293
20 1:4060 1.378 1.458
1:800 0.8239 0.954
1:1,600 C.5412 0.571
1:3,200 0.374 0.387
1:6,400 0.268 0.2397
25 1:12,800 0.248 0.269
1:25,600 0.138 ° 245

These results are shown in graph form in Figure 10.
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EXAMPLE 16
Analysis of antibody _oreduction and activitv of

antibodjies raised to peptide seguences corresponding to

residues 127-140 of the PreS protein of the Hevatitis B

virus.
Tre folldwing two peptides, based on residues 127-

140 of the preS protein of the Hepatitis B virus, were

synthesised.

noKBV-PreS(127-140) H-Phe-Eis-Gln-Thr-Leu-Gln-Asp-Pro-
Arg-Val—Arg-Gly—Leu—Tyr-Cys—OH
(SEQ ID No.l4)

riHBV-PreS(127-140) H—Cys-cyr—leu-Gly—arg—val—arg-pro-

asp-gln—leu—t‘nr—gln—his-phe—..2

The synthesis of nCHEV-DreS(127-140) was carried out on
polyamide Pepsynka resin pre-esterified with Fmoc-
Cys(tr:) and riEBV-PresS(127-140) was on Polyhipe Rink
resin. The side chaln protecting groups used were:
trityl for cysteine, histidine and glutamine, +-butyl for
threcnine, aspartic acid and tyrosine and 2,2,5.7,8-
pantamethyl chroman-6-sulphonyl for arginine. Cleavags2
and side-chain deprotecticn wexre accomplished by reaction
of the peptidyl xesins for 90 min at 0°C with 1M
trimethylsilylbromide-thioanisole in TFA containing 0.25M
1,2-ethanedithiol (Yajima et al., 1%88).

Both peptides were independently conjugated to either
KLH or BSA.

The KLH conjugates were emulsified in Freund's ccmplete
adjuvant (1:1) and used To immunise white Swiss mice

according to the follocwing schecdule:

Day 0: 20 pg of peptide in 100 pl emulsion, sub-

cutaneous (complete Freund's).

Day 10: 20 ug of peptide in 100 gl emulsion, sub-

cutaneous (incomplete Freund's) .

Day 20: 20 pg of peptide in 100 ul emulsion, intra-

peritoneally (incomplete Freund's) .
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The mice (4 in each group) werxe bled retro-orbitally

five days after the last injection and the serum used in

ELISA using microtitre plates coated with 1lug/well of the

appropriate peptide conjugated to BSA.

T ' 0.D. 492 nm ]
5 Plate coating: noHBV-PreS riHBV-PreS
: {(127-140) ' (127-140)
Antiserum to: no-HEBV ri-HBV no-HEV ri-HBV
Dilution:
1:50 2.477 1.468 1.125 1.253
1:100 3.108 1.425 1.150 2.035
10 1:200 2.892 1.284 1.325 2.345
1:400 2.997 0.577 0.636 0.976
1:800 2.582 0.2869 0.409 0.248
1:1,60Q00 1.458 0.301 0.271 0.336
1:3,200 0.698 0.25% 0.183 0.162
15 1:6,400 0.638 0.217 0.256 0.283
1:12,800 0.41Z2 0.221 0.293 0.225
1:25,600 0.429 0.282 0.304 0.185

These results are presented in greph form in Figure 11l.

EXAMPLE 17
20 Analvsis of antibody production and activitv of
antibodies raissd to peptide secuences corresponding to

residues 127-140 of the preS protein of the Hepatitis B
virus.

The following two peptides, based on residues 127-140

25 of the preS protein of the Hepatitis B virus, were
synthesised.
noHBV-PreS(127-140) H-Phe-His-Gln-Thr-Leu-Gln-Asp-Pro-
Arg-Val-Arg-Gly-Leu-Tyr-OH (SEQ
ID No.15)

30 ri HBV-PreS (127-140) H-tyr—leu-Gly—arg—val—arg-pro—asp-
gln-leu-thr-gln-his-phe-CH
A potential T cell epitope was selected from the preS
protein, residues 52-64:
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H-Trp-Pro-Asp—Ala—Asn-Lys-Val-Gly-
Ala-Gly-Ala-Phe-Gly-OH (SEQ ID
No.16)

These peptides were synthesised on MAP (multiple
antigen peptide) resin with eight peptide branches
through lysine to each MAP core .which was coupled to a
cysteine protected by the acetamido methyl group. The
side chain protecting groups used were:'trityl for
histidine, glutamine and asparagine, t-butyl for
threonine and aspartic acid, £ -butcexycarbonyl for lysine
and 2,2,5,7,8—pentamethyl chroman-6-sulphonyl for
arginine; Cleavage and side-chain deprotection of noHBV-
preS(127-140) and ri HBV-PreS (127-140) were accomplished
by reaction of the peptidyl‘resin for 90 min at 0°C with
iM trimethylsilylbromide-thioanisole in TFA containing
0.25M 1,2-ethanedithiol (yajima et al., 1988). Cleavage
and side-chain deprotection of the pctential T cell
epitope were accomplished by reaction of the peptidyl
resin for 90 min at room temperature with 1,2-
ethanedithiol (5% by volume) and water (5% by volume) in
TFA.

Dimerisation of the two MAPS, noHBV-PreS (127-140) and
the potential T cell epitope, in equimolar amounts, by
oxidation to the disulphide with iodine in acetic acig,
was carried out by the method of Tam and Lu (1989). In a
similar way, the two MAPS, ri HBV-PreS (127-140) and '
HOHBV-PreS (52-64) were dimerised.

B peptidc

. : T peplide
B[mpudc\\\ Lys Lys::%‘ |
B peptide ~ \ s peplide

' s Pk T peplide
B peptlide yd G PP
=Ly Y8 1 peplide
B peptide — ‘ : ;.'cp
Lys Cys-—C?'sLys
pﬁh,fAh T peptid
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> Ly yd ys\T peplide
B pcpﬁdc~/”’ N\
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B peptide L PP
S~ Lys . Lys\\#r '
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The above constructs were emulsified in Freund's
complete adjuvant (1:1) and used to immunise white Swiss
mice according to the following schedule:

Day 0O: 20 pg of peptide in 100 ul emulsion, sub-
cutaneous (complete Freund's) .

Day 10: 20 ug of peptide in 100 pl emulsion, sub-
cutaneous (incomplete Freund's).

Day 20: 20 pug of peptide in 100 pl emulsion, intra-
peritoneally (incomplete Freund's).

The mice (4 in each group) were bled retro-orbitally
five days after the last injection and the serum used in
"ELISA using microtitre plates ccated with 1lpg/well of

either noHBV-PreS(127-140) or riHBV-PreS(127-140}) both of
them conjugated to BSA.

0.D. 482 nom

Plate cocating: noEBV-PreS riHEBV-PreS

(127-140) (127-140)
Antiserum to: no-HBV ri-EBV no-EBV ri-HEBV
Dilution:
1:50 2.182 1.735 2.001 2.558
1:1QQ 1..900 2.1113 2.12% 2.457
1:200 2.069 2.482 1.920 2.439
1:400 0.916 1.259 1.047 1.450
1:800 0.325 7.454 0.685 0.751
1:1,600 0.150 0.283 0.307 0.314
1:3,200 0.246 0.390 0.185 0.250
1:6,400 0.275 0.222 0.261 0.244
1:12,800 0.21S 0.217 0.188 0.205
1:25,600 0.168 0.222 \ 0.3s54 0.312

Thete results are presented in graph form in Fiuure 12.
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INDUSTRIAL APPLICATION

Antigen analogues in accordance with the invention have
a range oi potential applicaticns in eliciting
immunogenic Yesponses in a host. These antigen analogues
can be used in the creatment and/or prophylaxis of
diseases, and drug delivery. and therapy of disease
states. In particular, these antigen analogues can be
used in vaccines in animals, including humans for
protection against pathogens and the like.

Tn addition, the synthetic antigen analogues have the
potential to be used as diagnostic tools in assays for
detecting the presence of antibecdies to native antigens
or in research such 2as investigations into
antigen-antibody recogniticn, specificity, antigenicity
and immunogenic response.

Antibodies raised against the arncigen analogues ci the
inpvention can be used for diagnostic purposes whnersa
detection of the native antigen is desired in samples or
in the treatment and/or prophylaxis of diseases

neurralised by the antibodies, or- in drug cdelivery.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: DEAKIN, RESEARCH LTD
COMIS, ALFIO
FISCHYER, PETER
TYLER, MARGARET I

(ii) TITLE OF INVENTION: VACCINES
(iii) NUMBER OF S=ZQUENCES: 16

{iv) CORRESPONDENCE ADDRESS:
(A) ADDRZISSEZ: GRIFFITH HACK & CO
(2) STREET: LEVEL 8 168 WALKER STREET
(C) CITY: NORTH SYDNEY
(D) STATE: NEW SOUTH WALES
(£E) COUNTRY: AUSTRALIA
(F) ZIP: 2050

(v} COMPUTZR READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IEM P
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

C compatible

(D) SOFTWARZ: Patentin Release #1.0, Vers.

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: KURTS, ANN D
(B) REGISTRATION NUMBER: N/A

(C) REFERENCE/DOCKET NUMBER: 21192I:ADK/MT

N

at
[

9

V3]
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{ix) TELECOMMUNICATION INFORMATION :
(A) TELEPHONE: 61 2 957 5944
(B) TELEFAX: 61 2 957 6288
(C) TELEX: 26547

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
{B) TYPE: amino acid
(D) TQPOLOGY: linear

{1i) MOLECULE TYPZ: pertide

(x) PUSLICATION INFfCRMATION:
) DOCUMENT NUMEBER: AU PL4374
ILING DATZ: 27-20G-1992

—
[
~
vy

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

Gly Cys Gly Prc Leu Ala Gln Pro Lszu Ala Giln Gly
1 5 10

(2} INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 12 amino acids
(2) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TVYPE: pevptide

5
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(») PUBLICATION INFORMATION:
(H) DOCUMENT NUMBER: AU PL4374
(I) FILING DATE: 27-AUG-1992

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:Z:
Gly Gln Ala Leu Pro Gln Ala Leu Pro Gly Cys Gly
1 i 5 10

(2) INFORMATION FOR SZQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 amino acids
(2) TYPE: amino acid

(D) TOPOLOGY: linear

(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SCURCE:
(A) ORGANISM: Plasmodium falciparum
(D) DEVELOPMENTAL STAGE: SPOROZOITE

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1..2
(D) OTHER INFORMATION: /label= A
/noce= "RESIDUE 1 IS AN EXTRA CYSTEINE
RESIDUE ADDED TO THE N-TERMINUS OF THE
PESTIDE"
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(x} PUBLICATION INFORMATION:
{H) DOCUMENT NUMBER: AU PL4374
(I) FILING DATE: 27-AUG-1992

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

Cys Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro

1 S 10
(2) INFORMATION FOR SEQ ID NO:4:

(1) SEQUENCE CHARACTERISTICS:

ids

n N

(A) LENGTH: 212 amino a
(8) TYPE: amino acid
(D} TOPOLOGY: linear
(ii) MCOLECULE TYPZ: peptide
(1i1) EYPOTHETICAL: NO
{iv) ANTI-SENSE: NO

{(v) FRAGMENT TYPE: internal

(vi) ORIGINAI, SOURCE:
(A} ORGANISM: Plasmcdium falciparum

‘D) DEVELOBMENTAL STAGE: SPORCZOITE
(x) PUBLICATION INTORMATICN:

(H) DOCUMENT NUMBER: AU PL4174

(I) FILING DATE: 27-AUG-1992

(xi) SEQUZNCE DESCRIPTION: SEQ ID NO:4:

Asn Ala Asn Pro Asn Ala Asn }lvo Asn Ala Asn Pro
2 _ 5 10
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(2) INFORMATION FOR SEQ ID NO:5: -~
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
(B) TYPE: amino acid
(D) "TOPOLOGY: linear
(ii) MOLECULE TYPZ: peptide
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

{v) FRAGMENT TYPEZ: internal

{(vi) ORIGINAL SOURCE:

(&) ORGANISM: Corynebacterium diphtheriae
(x) PUBLICATION INFORMATION:

(H) DOCUMENT NUMBER: 2U PL4374

(I) FTILING DATE: 27-AUG-198%82

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:

Gly Asn Arg Val Arg Arg Ser Val Gly Ser Ser Leu Lys Cys
1 5 10

(2) INFORMATICON FOR SzQ 1D NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTHE: 19 amino acids
({B) TYPE: amino acid
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: peptide

(1ii) EYPOTEETICAL: NO



(iv) ANTI-SENSE: HNO - 01(}1253
(v) FRAGMENT TYPE: internal

(vi) ORIGINAI SOURCE:

(A) ORGANISM: Human immunodeficiency virus type 1

(ix) FEATURE:

{A) NAME/XEY: Modified-site

(2) LOCATION: 25..19

(D) OTHER INFORMATION: /label= A
/note= "THE C TERMINAL AMINO ACID OF THIS
PEPTIDE HAS BEEN AMIDATED. THE ENTIRE
PEPTIDE IS 2ASED ON AMINO ACIDS 735-753 OF
THE PROTEZIN gp4l OF HIVi."®

{x) PURLICATION INFORMATION:
({4) DOCUMENT NUNMB

1

R: AU PL4374
(I) FILING DATZ: 27-2UG-1%92

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Tyr Asp Arg Pro Glu Gly Ile Glu Glu Glu Gly Gly Glu Arg

f

1 5 10
Asp Axg Asp Arg Ser '
15

(2) INFORMATICN FOR

n
(4
@)

ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(1ii) EYPOTHET

-4

CAL: N&
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(iv) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SQURCE:
(a) ORGANISM: Human immunodeficiency virus t?pe 1

(ix) FEATURE:

(A) NAME/KEY: Modified-site

(B) LOCATION: 16..17

(D) OTHER INFORMATION: /label= 3
/note= “"THE C TERMINAL RESIDUE CF THIS
PEPTIDE IS AMIDATED. THE EINTIRE PEPTIDE
BASED CN AMINO ACIDS 583-599 OF PROTEZIN
OF HIV1i"

L]

\Q
o
s
}.J

(x) PUBLICATION INFORMATION:
(H) DOCUMENT NUMBER: AU PL4374
(I) FILING DATE: 27-RUG-1992 ’

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
Leu Gln Ala Arg Ile Leu Ala val Glu Arg Tyr Leu Lys
1 5 10
Asp Gln Gln Leu
15
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 amino acids
(8) TYPZ: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

{iii) HYPOTHETICAL: NC
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{(iv) ANTI-SENSE: NO
{v) FRAGMENT TYPZ: igternal

(vi) ORIGINZL SOURCE:
(A) ORGANISM: HEPFATITIS C VIRUS

(a) NAME/J“Y: Regicn

{(B) LOCATION: 1..25

(D) OTHER |INFORMATION: /label= A
/notes "THIS PEPTIDE CORRESFONDS TO AMINCO
ACIDS|306-230 OF THE ENVELOPEZ PROTEIN FROM
HCV . "

(x) PUBLICATION IMNFORMATION:
(H) DOCUMENT NUMBER: AU L4374
(I) FILING| DATE: 27-AUG-15%2

(xi) SEQUENCE DESCRIPTION: SZQ ID NO:8:

Cys Ser Ile Tyr Pro Gly His Ilz Thr Gly His Arg Mect
1 S 10
Ala Trp Asp Met Met Met Asn Trp Ser Pro Thr Ala

15 20 25

(2) INFORMATICN FOR{SEQ ID NO:§:

(i} SEQUENCE CEARACTERISTICS:
(A) LENGTH{ 37 amino acids
(B) TYPE: mino acid
{D) TOPQOLOGY: linear
{ii) MOLECULE TYPE: .peptids

(1iii) HYPOTEETICAL: NO

(iv) ANTI-SENSE:| NO
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(v) FRAGMENT TYPZ: internal

(vi) ORIGINAL SOURCE:
(A) ORGANISM: HEPATITIS C VIRUS

(ix) FEATURE:
(A) NAME/KEY: Region
(5} LOCATION: 1..37
(D) OTKER INFORMATION: /label= A
/note= "THIS PEPTIDE CORRESPCNDS TO AMINO
ACIDS 29-74 OF THE CAPSID PROTEIN OF HCV."

{(x) PUBLICATION INFORMATION:
(4) DOCUMENT NUMBER: AU PL4374
(I) TILING DATE: 27-RUG-18292

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:

Cys Arg Arg Gly Pro Rrg Leu Gly Val Arg Ala Thr Arg
1 5 10
Lys Thr Sar Glu Axg Ser Gln Pro Arg Gly Arg xrg Gln
is 20 25
Pro Ile Pro Lys Val Axrg Arg Pro Glu Gly Arg
30 35

(2) INFORMATICN FOR SEQ 1ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 amino acids
(B} TYP=: amino acid
(D) TOPOLCGY: linear
(ii) MOLECULE TYPE: peptide

{iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NC
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(v} FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:l

(A} ORGANISM: Human immunodeficiency virus type 2

(ix) FEATURE:

(A) NAMEZ/KEY: Modified-site

(B) LOCATION: 20..2¢

(D) OTHZR INFORMATION: /label= A
/note= "FOR RESIDUES 20 AND 26 Xaa
REPRESENTS AMINOBUTYRIC ACID. THE ENTIRE
PEPTIDE IS BASED ON RESIDUES 579-511 O
ENVELOPE PROTEIN OF HIVi ®

r THEE

(%) PUBLICATION INFORMATION:
(H) DOCUMENT NUMBER: AU PL4372
(I) FILING DATE: 27-2UG-13892

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Arg Ile Leu Ala Vval Glu Arg Tyr Leu

Lys &sp Gln Gln
1 5 10
Leu Leu Gly Ile Trp Gly Xaa Ser Gly Lys Leu Ile Xaa
is 20 25

Thr Thr Ala Val bro Trp Asn Cys
30

{(2) INFORMATICN FOR SEQ ID XD:11:
(i) SZQUENCE CHARACTERISTlfs:
(A) LENGTH: 14 amino acuidsg
(B) TYPE: amino acid
(D) TOPOLOZY: linear

(1i) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: NO
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(iv) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Hepatitis B virus

(ix) FEATURE:

(A) NAME/KEY: Modified-site

(B) LOCATION: 1..2

(D) OTHER INFORMATION: /label= A
/note= "THE PEPTIDE IS MODIFIED AT ITS N
TEIRMINUS 3Y RESIDUES CYS-LYS. RESIDUES 3-14
ARE AMINO ACIDS 126-137 OF HBV §
DROTZIN. "

UrRFACE

(x) PUBLICATION INFORMATION:
(8) DOCUMENT NUMBER: AU PL4374
(I) FILING DATE: 27-AUG-1932

(xi) SEQUENCE DZSCRIPTION: SEQ ID NO:11:

3
*
"
v
o
o)
n
o
H

cys Lys Thr Thr Pro Ala Gln Gly Asn Ser Met
- 5 10

(21 INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) YOLECULE TYPE: pepride

(iii) HYTHETICAL: NO

{iv) ANTI-SENSE: XNO
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{(v) FRAGMENT TYPE: intexnal

(vi) ORIGINAL SOQURCE:
(A) ORGANISM: HEPATITIS B VIRUS

{(ix) FEATURE:
(A) NAME/KEY: Region
(B) LOCATION: 1..122
(D) OTEER INFORMATION: /label= A
/note= "THIS PEPTIDE CORRESPONDS TO RESIDUES
126-137 OF HBV SURFACE PROTEIN."

(x} DPUBLICATION INFORMATION:
(H) DOCUMENT NUMBER: AU PL4374

(1) FILING DATE: 27-AUG-1992

(x2) SEQUENCE DESCRT

"J

TION: SEQ ID NO:12:

Thr Thr Pro Ala Gin Gly Asn Ser Met Tyr Pro Ser

)
(V1)

10
{2) INFORMATION FCR SEQ 1D NO:1i3:
(i) SEQUENCEZ CHARACTERISTICS:
(&) LENGTH: 14 amirzs acids
(B) TYPE: amino aciad
{D) TCPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: intcernal
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(vi) ORIGINAL SOURCE: '
(A) ORGANISM: Hepatitis B virus

(ix) FEATURE:
(A) NAME/KEY: Region
(B) LOCATION: 1..14
(D) OTHER INFORMATION: /label= A
/note= "THIS PEPTIDE CORRESPONDS TO AMINO
ACIDS 20-33 OF THE SURFACE PROTEIN OF HBV."

(x) PUBLICATION TNFORMATION:
(H) DOCUMENT NUMBER: AU PL4374
(1) FILING DATE: 27-AUG-1992

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Phe Leu Leu Thxr AXg Ile Leu Thr Ile PTO Gln Ser Leu Asp
1 5 10

{2} INFORMATION FOR S=Q 1ID NC:14:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTE: 315 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: peptice
(ii1) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TVYPE: internal

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Hepatitis B virus
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(ix) FEATURE:
(A) NAME/KEY: Region
(B) LOCATION: 1..15-
(D) OTHER INFORMATION: /label= A
/note= “THIS PEPTIDE CORRESPONDS TO AMINO
ACIDS 127-140 OF THE PRE S PROTEIN OF KEBV
_ MODIFIED BY THE ADDITION OF A CYS RESIDUEZ
ITS C TERMINUS."

(x) PUBLICATION INFORMATION:
{H) DOCUMENT NUMBER: 2U PL&374
{I) FILING DATE: 27-AUG-1952

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14&:

Phe His Gin Thr Lsu Gln 2sSp Pro Arg Val Arg Gly Leu

1 5 10

Tyr Cys
15

r2) INFORMATION FOR SEQ iD NO:15:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
() TYPE: anino acid

(D) TOPOLOGY. lineax

(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internszl

S {vi) ORIGINAL SOURCE:
(A) CRGANISM: Eepatitis B virus

TO
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(ix) FEATURZ: -
(A} NAME/KEY: Region
(B) LOCATION: 1..1%4
(D) OTHER INFORMATION: /label= A
/note= "THIS PEPTIDE CORRESPONDS TO RESIDUES
127-140 OF TEE PRE S PROTEIN OF HBV. "

(x) PUBLICATION INFORMATION:
(2) DOCUMENT NUMBER: AU PL&374
(1) FILING DATE: 57-AUG-1992

(xi) SEQUENCE DESCRIPTION: SZ0 1D NO:15:

phe His Gln ThT ,eu Gln Asp PIro rrg Vai Arg Gly Leu TYT
1 5 10

(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENC Cz CHARACTERISTICS:
(A) LENGTH: 13 amino acids
(B) TYPE: amino acid
(D) TOPOLCGY: linear

(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:
(A) ORGANISM: hEPATITIS 3 VI RrRUS

{ix) FEATURE:
(A) NAME/KEY: Regicn
(B) LOCATION: 1..22
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OTEER INFORMATION: /label= A

“THIS PEPTIDE CORRESPONDS TO AMINO

THEE PRE S PROTEIN OF HBV.®

(D)
/note=

ACIDS 52-64 OF

)y PUBLICATION INFORMATION:
(¢) DOCUMENT NUMBER: AU PL4374

(I) FILING DATZ: 27-2UG-19%2

(x

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:15:

sn Lys Val Gly aAla Gly Ala Pro Gly

Trp Pro Asp Ala &
10

1 5
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CLAIMS

- I A synthetic peptide antigen analogue of a native
peptide antigen, which analogue is partially or
completely retro modified, with respect to the rative

antigen.

2. A éynthetic peptide antigen analogue of a native
peptide antigen, which analogue is partially or
completely inverso modified, with respect to the native
antigen.

3. A syncthetic peptice antigen analogue of a native

(=R

o]

eptide antigen, which analogue is partially or
completely retro-inverso mcdified, with respect To tne

native antigen.

4. An antigen analogue according to claim 3, wherein
the amino acid residues flanking the rerro-invarted
segquence are substituted by side-chain-analogous

a-substituted geminzl-diaminomethanes and malconates.

5. 2 synthetic psptide antigen analogue according to
any one of claims 1 to 4 when used to immunize an

immunccompetent host.

6. An antigen analogue as defined in any one of
claims 1 to 5 wherein the native antigen is a naturally

occurring polypeptide or antigenic fragment thereof.

7. An antigen analogue as defined in any one cf
claims 1 tO 6 wherein the antigen analogue is an analogue
of: the immunodominant epitope of the circumsporozeite
coat protein of P. falciparum sporozoites; or a '
diphtheria toxin antigen; O ropustoxin; or a he?atitis

virus antigen; or an HIV antigen.
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8. An antigen analcgue according to claim 2 or 3 ‘'which'
is capable of eliciting an immune Xesponse which lasts
longer than the immune response obtained with the
correéponding native antigen.

9. A wvaccine _comprising an antigen analogue according
to any one ct claims 1 to 8 together with
pharmaceucically acceptable carrier, diluent,
and/or adjuvant.

a

excipient

10. A vaccine comprising an antigen analogue according
to any one of claims 1 to 8 when cenjugated with a

suitable carriex molecule for administration to a host.

11. A vaccine comprising an antigen analcogu accordaing

to claim 3, wherein the analogue 1is éan analogue of a

minimum antigenic fragment capable of producing and/cr

pinding antizodies, ané the analogue 1is modified to
pretect the C z=d N termini.

12. An antibedy raised acainst &an antigen analogue
according to any one oI claims 1 to 8 o©or a vaccine

according to any one cf claims 9 to 11.

13. A method of vaccinating a host in need of such

treatment which methed cemprises administering an
effective amount of an zntigen analogue according tc any
one of claims 1 to 8 or a vaccin

claims 9 to 12 to the host.

e according to any one of

14. A diagnostic kit comprising an antibody according to
claim 12 or an antigenAanalogue'according to any one of

claims 1 to B8 together with a positive anc a negative
control standard.

15. A method of preparing an antigen analogue of a

nacive peptide antigen, compxrising synthesising 2
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partially cr completely retro, inverso Or retro-inverso

analogue of the nacive peptide antigen.

16. A method of prepaiing a vaccine against a native
peptide antigen comprising providing a retro, inverso or
retro-inversc analogue of the native peptide antigen and

admixing an effective amount of the antigen analogue with

“a

a pharmaceutically or veterinarally acceptable carrier,

diluent, excipient and/or adjuvant.

17. A method accerding to claim 15 which methoed
additicnally comprises conjugating the antigen analcgue

o a suitable carrier mclecule.

18. A method of analysing a sampie fcr a native
peptide antigen comprising the use of an antibody

according tc claim 12 which recognises tha antigen.

19. A m=thod c¢f analysing a sample Ifcr an antibedy
comprising the use or an antigen analogue according to

f
any cne of claims 1 to 8 capable of binding the antiboay.



DEAKIN RESEARCH LIMITED

-Normal
] [ ~-Xaa 3
H Ry O|H. Ry O
2 AN L}N/K:”/NT><)bwww
E Olpz H{™ O pi 'y
o
Inverso
1 J-Xaa 3
R HIH O|RI HE O
AN r4*§<fk~N/<;f$J, M
H O|d RgH 0y "
L
Retro
1 L -Xaa
R.OHI0O HlRR ,HO K
M’V\/<N‘J N“w/N/ N
O H|lH R3O H H p*
g
Retro-inverso
1 U-Xaa
H R0 nlH_ RO H
rrn AN SN A NN
O Hlpz H|O H pz K
———t
Partial retro-inverso
D-Xaa

H R'lg

H R0 o0
WNKN*"YE AN N

A
H HRZHO HRZH

planche 1/12

010129



Br ne DEAKIN RESEARCH LIMITED planche 2/12

610129

Absorbance (492 nm)

4 [ —]

1.2 16 2.0 24 28 3.2 3.6
Log reciprocal serum dilution

FIG. 2



. n°

DEAKIN RESEARCH LIMITED

Absorbance (492 nm)

planche 3/12

010129

1.6

1.2

0.8+

0.4

0.0 ' ‘ '
1.2 1.4 1.6 1.8 2.0 2.2 2.4

LLog reciprocal serum dilution

FIG 3

26 2.8



DEAKIN RESEARCH LIMITED planche 4/12

610129

Absorbance (492 nm)

2,41

2.0r

T~

1.6

1.21

0.8r

04r

A4 N N
o AN —

! b

0.0 '
1.0 1.5 2.0 2.5 3.0 3.5

Log reciprocal serum dilution

FIG. 4



DEAKIN RESEARCH LIMITE
planche 5/12

6104129

Absorbance (492 nm)

1.6

1.2 \’\

0.8

2.0 25
1.0 1 C“ 3.C 35 4.0
Loj reciprocal seru: dilution 45

FIG. &




Br.

no

DEAKIN RESEARCH LIMITED

Absorbance (492 nm)

planche 6/12

610129

2.4

2.0

1.6

1.2

0.8

0.4

1 !

0.0

2 3 4
L.og reciprocal serum dilution

FIG 6



planche 7/12
010129

DEAKIN RESEARCH LIMITED

ne

Br.

tbe

e

uonnpa wruag ‘disay 607
18°2Z 1G¢C 0ee 0671 09’} 0E’}

-

d
1

4
r 1 Al

UN —g—  OUU —0o——  UOU o5 OU/OU — o

®Q © <« N
™ T -

N O
O

Q@ o -
© o o

(Wwu zey) éaueq:osqv



planche 8/12
610129

DEAKIN RESEARCH LIMITED

ne

Br.

g 9/

INIT 7770

1037 BOKH4  loas o197 Lovi SOGC  [IHd  JoWD o182 €00 §09v .NQ&\
20wy m.wm..\ SO0/ S097  LoIC  90JC  0lad 03D Yo oy 109y ooV

(muZ6t) IONVIIOSTY

; o hrcegh - b \
"y N Y Y
) ” N N N\ N\
SR B\ . \ N IIN .
\  — \ K29
.
O \ /f .N//
— U c,, | — NI R /
\ N AN
\ N N ke ..
| \ N N S
Y A
N ur ] ! \ =
o
N
| o 1 sz
N
ot N

o



Br, ne

OD 492 iy

planche 9/12

DEAKIN RESEARCH LIMITED

010129

3.500

3.000 |

2500

2.000

1500 |

7.000

0.500

Il 3 ] ! i) b ]
+ T 1

0.000 ¢ : ; —_ —
7:50 7:200 1:800 7:3200  1:12800
1:100 1:400 1:1.600 16400  1:25600

DILUTION
FIG 9



planche 10/12

610129

>~

DEAKIN RESEARCH LIMITED

Nneo

Br.

Q\ @\U\ NO/LNTIT
- 00+Q : 0097 : 00 : 00!:)
00952 \QQQ.N\..\ 09 \QON.m...\ 91:1 009: 1 . 0s:}
S - , _ : : _ _ 7
25 (e ———
T, .
L e
-
N s
Iy
D) z
2
2,
ﬁi.m,.N
. | \\%\\%\vaﬁ.z:__==_=__==_

i) ) €

WMu 264+ T 0O



Nno

O.D. 492 nm

3500 -

3000 +

2500 .

2000

1500

1000 A

DEAKIN RESEARCH LIMITED planche 11/12

610129

3 i 1

3

B

7-’7‘2800

]
1

200 1:800 . 1:3.200
1:400 1:1.600 7:6.400 1.25 600

DILUTION

FIG. 17



Br.

ne DEAKIN RESEARCH LIMITED planche 12/12

010129

3.000

2.500

7.000

0.5004

00001 : i ; 2 ; T —
1:50 7:200 1:800 7:3.200 1:12800
1: 100 1:400 /: 1600 1:6400 1:25600

FIG. /2



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

