
Mini Reviews in Medicinal Chemistry, 2001, 1, 429-438 429

 1389-5575/01 $20.00+.00 © 2001 Bentham Science Publishers Ltd.

Technological Advances in Antigen Delivery and Synthetic Peptide
Vaccine Developmental Strategies

C. Olive1*, I. Toth2 and D. Jackson3

1Cooperative Research Centre for Vaccine Technology, The Queensland Institute of Medical Research, PO Royal
Brisbane Hospital, Brisbane, QLD 4029, Australia,2The School of Pharmacy, University of Queensland, St Lucia,
Brisbane, QLD 4067, Australia and 3Cooperative Research Centre for Vaccine Technology, Department of
Microbiology and Immunology, The University of Melbourne, Parkville, VIC 3052, Australia.

Abstract: Significant advances have been made in the field of peptide chemistry, especially in the design of synthetic
peptide immunogens which has led to new concepts and strategies for human vaccine development. This article
reviews some of these technological advances and approaches to vaccine design including the multiple antigenic
peptide system, the lipid polylysine core peptide system, the polymerization of peptides into multivalent immunogens
and self adjuvanting synthetic peptide-based immunogens.

INTRODUCTION

Vaccines are one of the most cost-effective public health
interventions. This is illustrated by the worldwide
eradication of smallpox by vaccination. In addition to
infectious diseases, autoimmune disorders and some cancers
may also be amenable to prophylactic and therapeutic
treatment by vaccines. There is therefore a formidable
incentive for scientists in designing new and improved
vaccines, and for public health organizations in delivering
vaccines to the community.

There are a number of problems associated with vaccine
design and development, such as instability and the
availability of suitable carriers and adjuvants for delivery to
the immune system. Some of these problems have been
overcome with current technological advances, and will be
discussed. Furthermore, significant advances in the areas of
biotechnology, biochemistry and peptide synthesis have led
to the availability of large quantities of pure, potent and
highly specific peptides, which can be used to generate the
appropriate immune responses necessary to combat many
human diseases. The ability to produce peptide antigens,
however, surpasses that of vaccine adjuvant technology
particularly with respect to the identification of human-
compatible mucosal adjuvants. Vaccine adjuvants pose
various problems including toxicity, hypersensitivity and
short-term side effects. Attack by enzymes, instability in the
gut, short retention times and the barriers to absorption and
transport also represent some of the challenges confronting
the oral delivery of vaccines.

Prior to a discussion of new advances in vaccine design
and delivery, it is important to give a brief overview of the
immune system with respect to the initiation of an immune
response. The reader is referred to the following reviews for
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more detailed information [1, 2]. In this review a peptide,
epitope or determinant is the usually short sequence of
amino acids that is recognized by an antibody, T-cell
receptor (TCR) or major histocompatibility complex (MHC)-
class I or class II; an antigen is the epitope-containing
structure recognized by these elements of the immune
system and an immunogen is the structure capable of
eliciting an immune response. The terms antigen and
immunogen are often used interchangeably, as are peptide
and epitope.

INDUCTION OF AN IMMUNE RESPONSE AND THE
ROLE OF T- AND B-CELLS

(Fig. 1) illustrates the basic recognition events leading to
the production of antibody in response to antigen. The first
step in the generation of an antibody response is the uptake
of antigen by antigen presenting cells (APC) and B-cells.
These antigens then undergo proteolysis producing peptide
fragments containing epitopes, some of which are bound by
class II molecules of the MHC and are then transported to
the APC and B-cell surface. Helper T-cells that possess
TCRs capable of interacting with the epitope/class II MHC
complexes can then bind to the APC, an event which is
accompanied by additional cell-cell interactions through co-
stimulatory molecules. The activated T-cell is now able to
recognize those B-cells that display the same epitope/class II
MHC complexes on their surfaces which have been acquired
as a result of internalization of the same antigen through
specific B-cell surface immunoglobulin (Ig) receptors. It is
this interaction between T-cells and B-cells that results in
triggering of the B-cell to differentiate into a plasma cell
capable of secreting antibody of the same specificity as that
of the original Ig receptor. Cytokines are also produced by
each cell type which can influence the type of immune
response elicited. To elicit an antibody response, the
immunogen therefore must contain a helper T-cell epitope,
which is a short linear sequence recognized by the TCR, as
well as a B-cell epitope which is usually made up of a three
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dimensional conformational structure that is recognized by
the Ig receptor.

In the case of viral infections and in many cases of
cancer, the immune system responds by inducing cytotoxic
T-cells (CTL) which cause the virus-infected or cancer cell
to undergo apoptosis which leads to cell death. Like helper
T-cells, CTL are first activated by interaction with APC
bearing a specific epitope presented on the cell surface, in
this case in association with MHC class I molecules [3]. The
APC also receives signals from helper T-cells to upregulate
the expression of co-stimulatory molecules. Once
differentiated, the effector CTL can lyse cells bearing the
same epitope/class I MHC complex.

VACCINATION AND THE IMMUNE SYSTEM

The goal of vaccination is to educate the immune system
to recognize a non-virulent form of an infectious agent or a
small portion of the pathogen such that when the immune
system encounters the intact pathogen, a strong immune
response is rapidly elicited to prevent illness. The use of
defined antigenic determinants which play an important role
in protective immunity is often preferable to the whole
organism or protein antigen for several reasons, one of which
is to eliminate the possibility of the induction of
autoimmunity due to immunological cross-reactivity
between foreign and host self proteins [4, 5]. As vaccine
candidates, antigens or parts of antigens may be represented
in several forms which include recombinant proteins,
purified proteins or synthetic peptides [reviewed in 6].
Immunization with these immunogens can induce humoral

and/or cellular immune responses specific for the epitope
within the native antigen. This is essential where antibody is
important for immunity but also in cases where CTL are
required for the elimination of virus-infected or cancer cells.

The design of vaccines is often complicated by the
polymorphism of MHC proteins [7], the essential
presentation elements of the immune system, and also by the
variability of pathogenic proteins. These two factors make it
difficult to cover all host MHC types as well as multiple
pathogenic serotypes in a single vaccine. An example of the
problem of target antigen variability is evident in the design
of a group A streptococcal (GAS) vaccine based on the M
protein. The M protein is an α-helical coiled-coil bacterial
surface protein and is the major virulence factor in GAS
infection which allows the bacteria to escape destruction by
phagocytosis in the absence of serotype-specific opsonic
antibodies [8-10]. Vaccine strategies have therefore focused
on the M protein in the induction of protective immunity to
GAS. However, serotype-specific determinants of the M
protein are located in the highly variable amino terminus
with over 80 known GAS serotypes [8, 10]. Attempts have
been made to solve the problem of variant target antigens by
defining conserved epitopes within pathogenic proteins. In
the case of the GAS M protein, there is >98% identity in the
carboxyl terminus C-repeat region [8] and researchers have
therefore focused on this region in developing GAS vaccines
[11, 12]. GAS candidate vaccines based solely on the C-
region have proved extremely promising in the mouse
system in both protection from systemic GAS infection
(unpublished observations) and in the reduction of nasopha-
ryngeal GAS colonization [11, 12]. These approaches,
however, do not address the issue of MHC diversity.

Fig. (1). The generation of an antibody response involves a number of steps. (A) The uptake of antigen by antigen presenting cells (APC)
and the internalization of antigen by B-cells following recognition of a B-cell epitope by a specific immunoglobulin (Ig) receptor. (B) These
antigens then undergo antigen processing to produce peptides that contain helper T-cell epitopes, some of which are bound by class II
molecules of the major histocompatibility complex (MHC) and are then transported to the APC and B-cell surface. (C) Helper T-cells that
possess T-cell receptors specific for the epitope/class II complexes bind to the APC which leads to T-cell activation following co-stimulation.
(D) The activated T-cell recognizes B-cells that display the same epitope/class II complexes on their surfaces. (E) The interaction between T-
cells and B-cells results in triggering of the B-cell to differentiate into a plasma cell capable of secreting antibody of the same specificity as
that of the original Ig receptor.
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SYNTHETIC PEPTIDES AS IMMUNOGENS

Synthetic peptides representing individual B-cell epitopes
are generally short peptide sequences which are poorly
immunogenic either because conformational integrity, that is
the correct three dimensional structure, is lacking in the B-
cell epitope or because they do not contain an appropriate
helper T-cell epitope required for antibody production. In
addition, peptides may be rapidly degraded before
recognition by the immune system. The immunogenicity of
peptide vaccine candidates can be enhanced with an adjuvant
that is designed to facilitate effective uptake and presentation
of antigenic determinants by APCs and augment peptide-
specific immune responses. An example of an adjuvant
which has been used in experimental animal models is
complete Freund's adjuvant (CFA) [13] which is, however,
too reactogenic for human use. Current adjuvants which are
approved for use in humans include the calcium and
aluminium salts (phosphate or hydroxide) but in general
these have little effect in adjuvanting peptides in the absence
of appropriate T-cell help. Recent advances in peptide
vaccine technology, however, have in some cases obviated
the need for additional adjuvant by including non toxic, self
adjuvanting moieties, and will be discussed later in this
review.

THE NEED FOR CONFORMATIONAL INTEGRITY
OF B-CELL EPITOPES

Peptide sequences do not usually contain sufficient
structural information to fold correctly and consequently a
major problem in vaccine design is to induce the correct
conformational shape into synthetic peptide epitopes to
induce antibody of the correct specificity. There are,
however, approaches to mimicking conformational integrity
of peptides that have proved successful. An example of a
conformational-dependent epitope is found in the M protein
of GAS [14]; the M protein is a coiled-coil α-helical surface
protein of the bacterium and requires α-helical conformation
in order to be recognized by antibody [8]. The minimal B-
and T-cell epitopes within a GAS M protein conserved
region peptide sequence (p145) that is recognized by
antibodies in the sera of most adults living in areas of high
GAS exposure were mapped using a series of overlapping
chimeric peptides, and two reactive chimeric peptides were
identified. These peptides, called J8 and J14, were each
devoid of a potentially deleterious T-cell autoepitope but
contained a protective B-cell epitope [15]. Synthetic peptides
representing the p145-specific sequences alone did not
possess the correct helical structure for B-cell epitope
integrity but were immunogenic in mice when flanked by
non-M protein yeast-derived GCN4 sequences, yielding
chimeric peptides that possessed a propensity for folding into
an α-helix [14, 15]. The resulting antibodies were opsonic
and protective against GAS infection (unpublished
observations). This highlights that B-cell epitope mapping of
antigenic determinants within a protein is a prerequisite for
the design of synthetic peptide-based vaccines, but also, that
some knowledge of the three dimensional structure of the
native antigen may be required.

SOURCE OF HELPER T-CELL EPITOPES

Carrier Proteins

Small synthetic peptides usually do not contain an
appropriate helper T-cell epitope required to induce an
antibody response and are therefore not effective vaccines by
themselves. Such peptides, however, can be rendered
immunogenic by conjugation to a carrier molecule which
contains helper T-cell epitopes. Although carrier proteins are
traditionally used as a source of helper T-cell epitopes, there
are significant disadvantages to their use. For example, the
use of carrier proteins can result in the induction of
antibodies to the carrier protein itself and divert the response
away from the peptide epitope of interest [16]. Antibody of
irrelevant specificity may also be induced unless the
immunogen is constructed with the individual epitopes in the
correct order and orientation; this has been demonstrated in
studies which assessed the antibody production of specific
peptides conjugated to either the N- or C-terminus of the
carrier protein, keyhole limpet hemocyanin [17]. Chemical
coupling of peptide to a carrier protein can also lead to
modification of the antigenic determinant(s) of interest [18].
Furthermore, it is difficult to control the coupling reaction
between the peptide and the carrier leading to heterogeneous
conjugates.

Synthetic Helper T-Cell Epitopes

The assembly of vaccines containing synthetic T-cell
epitopes would solve some of the problems associated with
the use of carrier proteins as a source of helper T-cell
epitopes. Immune responses to peptide-based immunogens
have been achieved in experimental models using a number
of different strategies including non-specific polymerization
of peptides [19] and assembly of linear tandem (T-cell
epitope)-(B-cell epitope) constructs. For example, a synthetic
peptide vaccine based on luteinizing hormone releasing
hormone (LHRH), which plays a central role in the
reproductive process, and a synthetic T-cell epitope was
immunogenic in mice eliciting the production of antibodies
and abolishing fertility [20]. Secondly, incorporation of a
helper T-cell epitope from ovalbumin or sperm whale
myoglobin led to the induction of a response to a B-cell
epitope from foot-and-mouth disease virus [21]. It should be
noted that there is also the potential for antibody generation
against epitopes formed at the junction of the T-cell and B-
cell fragments [22]. The use of synthetic peptides
representing T-cell epitopes, however, may alleviate the
problem of carrier protein-induced epitope suppression [23].
Furthermore, branched immunogens containing B- and T-
cell epitopes have been shown to elicit higher titres of
antibody than the corresponding tandem linear arrangement
of epitopes [24]. The use of simple synthetic B- and T-cell
epitope constructs, however, do not address MHC
polymorphism and target antigen variability. The use of
universal T-cell epitopes that bind to different MHC alleles
represents a feasible approach to overcome such problems
[25].
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EPITOPE IDENTIFICATION USING SYNTHETIC
PEPTIDE COMBINATORIAL LIBRARIES

An understanding of human B-cell and T-cell recognition
phenomena is fundamental for the determination of immune
response mechanisms and their role in the prevention and
cause of human disease. In recent years, an understanding of
B-cell and T-cell specificity has been advanced significantly
by the development of mixture-based synthetic
combinatorial libraries made up of millions of peptides with
all possible sequence permutations of amino acids for a
peptide of a certain length (for example, 64 million for a
hexapeptide composed of the 20 amino acids) [26-28].

Although evidence indicates that the majority of
antibodies recognize conformational regions of protein
antigens, it has been shown that antibodies can cross-react
with linear parts of the protein. Furthermore, although
antibodies usually recognize shapes and not amino acid
sequences per se, peptide libraries can be used effectively to
define antibody specificity with a peptide not necessarily
related to the native sequence. The use of synthetic peptide
combinatorial libraries (SCL) is a technological advance
which has the potential to identify novel epitopes (both B-
and T-cell) and peptide vaccine candidates that may be
important in inducing protective immunity to infection. A
positional scanning SCL (PS-SCL) hexapeptide library
contains 20 mixtures for each of X00000, 0X0000, 00X000,
000X00, 0000X0, and 00000X in which X in each of
positions 1 to 6 is fixed [29]. For example, in X00000,
position 1 is fixed and represented by any one of the 20
amino acids. The remaining amino acid residues are random.
In total there are 20 x 6= 120 peptide mixtures with each PS-
SCL containing 64 million peptides (206). For each PS-SCL
the same peptides will be represented. By screening each
peptide mixture for each of the fixed positions, the amino
acids that are recognized can be identified and using an
iterative process, a hexapeptide can be established in a single
assay that gives maximum recognition [29].

SCL have previously been used for epitope mapping in
the identification of antigenic peptide determinants
recognized by monoclonal antibodies, the identification of
receptor ligands, antimicrobial compounds and enzyme
inhibitors [reviewed in 29] and the study of T-cell antigen
recognition [27, 28].

THE MULTIPLE ANTIGENIC PEPTIDE SYSTEM

The multiple antigenic peptide (MAP) system [30] allows
the assembly of multiple, but usually identical, peptide
sequences attached to a core of branching lysine residues
(Fig. 2) to yield a multivalent construct. The MAP comprises
a core matrix formed from a number of lysine residues. This
core matrix presents terminal primary amine groups, each of
which acts as a growth point for a synthetic peptide.
Alternatively, a synthetic peptide can be attached to these
amine groups by chemoselective ligation. Significantly
higher antibody titres have been obtained by coupling
immunogenic peptides to a polylysine core to form a MAP
when compared to carrier protein-conjugated peptides [30]
although adjuvant was still required. Despite the success of

this technique in experimental models, a limitation of the
method is the difficulty in assuring purity of the product. The
synthetic process involves the construction of structures with
high molecular weight. Because of the simultaneous
synthesis of all epitopes, there is a risk that steric constraints
and aggregation will reduce the fidelity of the sequences. A
further disadvantage of the MAPS is that the number of
different epitopes that can be introduced is limited.

LIPOSOMES AND LIPOAMINO ACIDS

The delivery of vaccines or therapeutic drugs to the
desired site of action in the body can be enhanced using
liposomes, where the vaccine or drug is incorporated either
by dispersing it in the intra-vesicular space or by anchoring it
to the liposome wall [31]. A disadvantage of liposomes,
however, is their limited bioavailability. Liposomes as a
delivery system can be modified to increase their stability in
vivo [32] and to enhance their immunogenicity and potential
use as adjuvants for oral immunization [33]. Recently, a
novel method has used biotin-coated liposomes to improve
their delivery and retention in lymph nodes [34].

The synthesis of lipoamino acids has been described for
increasing peptide immunogenicity [35]. Furthermore,
lipoamino acid conjugates have the potential for oral
delivery of peptides and drugs [36]. Another approach for
the development of the lipoamino acid system is to exploit
the particulate-forming properties of these amphiphiles, to
develop particulate antigens. The amphipathic structure of
these moieties gives rise to characteristic aggregation
behaviour. NMR spectroscopy has demonstrated that
lipoamino acids coupled to highly hydrophilic compounds
(lactic, glycolic and gluconic acids) formed micelles in
aqueous environments, and inverted micelles in the presence
of organic solvents [37]. Preliminary experiments with a
limited number of lipoamino acid constructs have

Fig. (2). Schematic representation of a tetravalent MAP formed by
the addition of a lysine residue to each of the two primary amine
groups of a central lysine residue, an arrangement that provides
four primary amine groups from which separate peptides can be
covalently coupled.
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demonstrated their ability to form vesicles alone or in the
presence of cholesterol [38]. The vesicle forming property of
the system could be utilized for oral vaccine delivery.

There are a number of potential advantages to a
combined vaccine-adjuvant particulate carrier system. For
example, labile antigens can be protected within the particles
from the degradative conditions of the gastrointestinal tract.
In addition, oral particulate antigens generally provide a
more effective stimulus for the induction of an immune
response than do orally ingested soluble antigens [39]. The
demonstrated accumulation of particles in the lymphoid
tissues of the gastrointestinal tract [40] allows passive
targeting of the antigens to the immunocompetent tissues of
the gastrointestinal tract for the subsequent induction of a
disseminated mucosal immune response [41]. Lipoamino
acid vesicles, in contrast to liposomes, are prepared without
phospholipid and thus may be less affected by the disruptive
effects of pancreatic lipase - a major limitation in the use of
liposomes for oral administration. The problem of leakage
from liposomes and other types of particulate carrier are also
avoided because the antigen does not have to be physically
entrapped within a leaky bilayer but can be covalently bound
to the vesicles. Finally, many modifications to the lipoamino
acids are possible, allowing the preparation of vesicles with
optimal stability, targeting and adjuvant properties for each
potential antigen candidate.

LIPID POLYLYSINE CORE PEPTIDE SYSTEM

An advanced system was designed to enhance synthetic
peptide immunogenicity by using a lipidic anchor moiety
(lipoamino acid) together with the polylysine system, to
form a lipid polylysine core peptide (LCP) [42] with
potential adjuvant and carrier properties. In the LCP system,
the lipopamino acids are incorporated as a lipidic anchor
moiety at the C-terminal of a polylysine peptide system (Fig.
3). LCPs can be readily synthesized in a single reaction
vessel, by step-wise solid phase methods, without isolating
any of the intermediates. Properties such as molecular
weight, charge, lipophilicity, targeting moieties, and
radiolabels can readily be varied in the LCP system. LCP-
based vaccine candidates from the variable domains of

Chlamydia trachomatis outer membrane protein were shown
to significantly enhance peptide immunogenicity when
compared to peptide monomers given alone in adjuvant [43].

CHEMICAL LIGATION

A solution to the problem of achieving homogeneity
when MAPs are assembled is to synthesize and purify core
and peptide epitopes separately and then chemically ligate
the products. Cyclic, linear and branching templates have all
been reported for the construction of synthetic peptide-based
immunogens [44]. The ligation process can therefore be
specifically directed to ensure that the correct final structure
is achieved. Particular approaches have included the use of
oxime chemistry [45] in which the specific reaction of
aldehyde groups with aminooxy groups to form an oxime is
used.

The use of ligation chemistries allows flexibility in the
attachment of epitopes through different points of their
sequence thereby determining orientation and overall
structure of the molecule, which can influence the immune
response that is elicited. Despite the fact that high purity
products can be made using chemical ligation, a limitation of
the technology is that only relatively small numbers of
epitopes can be incorporated into a single molecule.

FREE RADICAL INDUCED POLYMERIZATION OF
ACRYLOYL PEPTIDES INTO MULTIVALENT
IMMUNOGENS

A method was recently developed for the assembly of
large numbers of identical or different pure epitopes into
polyvalent artificial proteins using free radical initiated
polymerization [19]. Similar to the polymerization of
acrylamide to form polyacrylamide, peptides acylated with
the acryloyl group are polymerized to form peptide side
chains that are pendant from an inert alkane backbone. In
this way, large synthetic structures can be assembled while
avoiding errors inherent in long sequential syntheses. Each
peptide sequence is first assembled using conventional solid
phase synthesis but before deprotection of the side chains

Fig. (3). Schematic representation of a tetravalent LCP system, where the MAP system is extended by a 3 alkyl chain containing lipophilic
anchor via covalent chemical linkages.
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and release from the solid support, the terminal amino group
is acylated using acryloyl chloride (Fig. 4). Following
cleavage from the solid phase support, individual acryloyl
peptides can be purified and then polymerized to yield
polymers with peptides attached to the alkane backbone. In
practice, the size of peptide epitopes prevents polymerization
by steric hindrance and so acrylamide or a similar “spacer” is
added to separate the pendant epitopes along the length of
the backbone. An advantage of this approach, as with other
chemical ligation strategies mentioned above, is the ability to
purify individual defined epitopes prior to polymerization.

The immunological properties of polymeric epitopes
produced by this type of free radical induced polymerization
have been reported showing that their immunogenicity is
superior to that of monomeric peptides [19]. More recently
this approach has been used to co-polymerize peptide
epitopes of GAS in a novel strategy to develop a new and
improved GAS vaccine with broader strain coverage [46].
Multiple M protein peptides from both the amino terminal
and conserved regions of the M protein were combined into
a single immunogen, in the design of a multi-epitope
"heteropolymer" vaccine [46]. The GAS vaccine was
designed specifically to target GAS strains found in the
Australian Aboriginal population, and contains the non-host
cross-reactive C-region peptide, J14, in addition to seven

opsonic amino terminal serotypic M protein peptide
sequences found to be common in GAS-endemic
communities of the Northern Territory. The rationale for the
study was that GAS strains not represented on the
heteropolymer by their amino terminal serotypic
determinants would potentially be targeted by antibodies to
the C-region. In addition, sera from Australian Aboriginals
reacted to a number of these peptides in an age-related
manner [46] indicating that immunity to these peptides may
be important in protection from GAS infection and that
protective immunity may potentially be mimicked by
vaccination using these peptides. Complete protection from
GAS infection was observed in mice immunized with
heteropolymer and challenged with two different GAS
strains [46]. While the data are encouraging, some
limitations have been encountered with the use of this
“heteropolymer” technology in vaccine delivery. The
incorporation of peptides onto the alkane backbone is
random and hence there is variation between heteropolymer
syntheses which affects the immunogenicity of the
individual peptides (unpublished observations). There is also
the potential for steric hindrance with the addition of
multiple peptides. In this regard, new approaches are
currently being sought in the design of a multi-epitope
synthetic GAS vaccine.

Fig. (4). Schematic of the reaction sequence used to acryloylate and subsequently polymerize individual purified peptide epitopes into high
molecular weight polymers. The strategy lends itself to the co-polymerization of the same or different peptides as well as the inclusion of
other materials into the backbone. The molecular model on the left hand side represents a part of a copolymer composed of a single type of
peptide epitope and an acrylamide backbone. In this model, a ratio of acrylamide:peptide of 10:1 is represented and six epitopes pendant
from the backbone are shown.



Technological Advances in Antigen Delivery Mini Reviews in Medicinal Chemistry, 2001, Vol. 1, No. 4    435

Using a different approach in the design of multivalent
immunogens, Dale et al. [47, 48] have developed
recombinant tetravalent and octavalent constructs containing
epitopes from the amino terminal regions of different M
protein serotypes. In each case, the vaccines were shown to
be immunogenic in rabbits. Furthermore, the antisera
produced were shown to be opsonic against the GAS strains
represented in the recombinant constructs and there was no
cross-reactivity with human tissues, indicating the potential
use of these vaccines in inducing broadly protective immune
responses. Theoretically, however, these vaccines would
only provide protection against the GAS strains represented
in the constructs, and are likely to be faced with the
problems of steric hindrance and correct epitope folding that
are associated with the addition of multiple peptide epitopes.

SELF ADJUVANTING SYNTHETIC PEPTIDE-BASED
IMMUNOGENS

The incorporation of lipids into synthetic peptides has
been shown to be capable of adjuvanting otherwise poorly
immunogenic peptides and can elicit antibody and cellular
responses [49, 50]. In lipopeptide constructs, a lipidic moiety
with known adjuvanticity is chemically coupled to the
peptide to generate a fully synthetic, totally characterized
and potentially safe vaccine [51].

The most effective experimental adjuvants have an
immunostimulatory component such as killed bacteria or a
biologically active bacterial cell wall component such as
bacterial lipopeptide, the lipid A portion of bacterial
lipopolysaccharide or muramyl dipeptide from bacterial
peptidoglycan. These components are known to be potent
activators of macrophages [52, 53]. Efficient synthetic
adjuvants based on these materials show promise for use
with synthetic peptide vaccines.

Proteosomes are based on the outer membrane proteins
of bacteria such as meningococci to which peptides can be
incorporated forming vesicular structures which facilitate
optimal antigen orientation for recognition by the immune
system [reviewed in 54]. Proteosomes serve as both a carrier
and adjuvant, and have been used to enhance the
immunogenicity of a variety of vaccine antigens including
proteins, peptides and lipopolysaccharides [54] particularly

at the mucosal level [55, 56]. In addition, they are suitable
for human use [57, 58].

In 1983, Wiesmuller, Bessler and Jung [59] described a
synthetic analog of the N-terminal moiety of bacterial
lipoprotein from E.coli (tripalmitoyl-S-glyceryl cysteine),
termed Pam3Cys (Fig. 5). When this compound was
covalently coupled to a peptide epitope, tetrameric forms of
a MAP or polyoxime constructs, the resulting lipopeptide
constructs were found to be potent immunogens with self
adjuvanting properties enabling humoral and cellular
responses irrespective of the route of administration [60-63].

Recently Pam2Cys, an analogue of Pam3Cys containing a
free amino group has been synthesized [64] and shown to be
the lipid moiety of MALP-2, a macrophage activating
lipopeptide isolated from mycoplasmas lacking cell walls
[52, 53]. It has been reported that Pam2Cys is a more potent
stimulator of splenocytes [64] and macrophages [52] than
Pam3Cys. Successful delivery of Pam3Cys-containing MAP
immunogens by the oral route has also been reported [61]
and offers potential for vaccination not only against
gastrointestinal diseases but also against pathogens which
infect other mucosal sites of entry.

TRIS COUPLED LIPIDS IN VACCINE TECHNO-
LOGY

T-cells are essential components of the immune system
and are responsible for immune surveillance and recognition
of foreign pathogenic antigens like bacteria and viruses. Loss
of "self-tolerance" and subsequent recognition of "self"
antigens by T-cells leads to a large spectrum of autoimmune
diseases including diabetes, psoriasis, multiple sclerosis and
rheumatoid arthritis. Recently, it has been shown that this T-
cell mediated response can be inhibited in a number of
animal models of inflammation using small peptides from
the TCR transmembrane region [65]. The mode of action is
not known but is thought to involve the inhibition of
assembly between the α chain of the TCR and the δ subunit
of the CD3 complex which is closely associated with the
TCR on the T-cell surface. The sequence of one of the
peptides (a nonapeptide) represents part of the
transmembrane region of the TCR α chain and contains four
hydrophobic amino acids flanked by two positively charged

Fig. (5). Schematic representation of the Pam3Cys/peptide system, where the antigenic peptide is covalently coupled to tripalmitoyl-S-[2,3-
bis(palmitoyl)propyl]cysteine.
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ones, arginine and lysine. When the C-terminal of the
peptide was reacted with glycine-Tris-palmitates via an
active ester to give the corresponding lipopeptides (Fig. 6),
inhibition of IL-2 production, a measure of T-cell function
following antigen stimulation, was considerably enhanced.
More dramatic was the protective effect against the induction
of arthritis in an animal model (adjuvant-induced arthritis).
Tris lipidation of peptides also has the potential for the
delivery of DNA and drugs into cells [66].

SUMMARY

The advent of technological advances in antigen delivery
has led to new strategies for the design and development of
vaccines. This is especially highlighted by the progress in the
design of synthetic peptide-based vaccines which have the
potential to overcome a number of obstacles associated with
current vaccine delivery technologies, especially pertaining
to the issues of MHC and antigen diversity, immunogenicity
and adjuvanticity. With the new technological advances, it
can be envisaged that synthetic peptide-based vaccines will
prove useful in the future.
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