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Lipoamino acid-based synthetic peptides (lipid core peptides, LCP) derived from the type-specific
and conserved region determinants of group A streptococci (GAS) were evaluated as potential
candidate sequences in a vaccine to prevent GAS-associated diseases, including rheumatic heart
disease and poststreptococcal acute glomerulonephritis. The LCP peptides had significantly
enhanced immunogenicity as compared with the monomeric peptide epitopes. Furthermore,
the peptides incorporated into the LCP system generated epitope-specific antibodies without
the use of any conventional adjuvant.

Introduction

Small peptide molecules are usually not of sufficient
molecular weight to be immunogenic but can be ren-
dered immunogenic or more immunogenic by conjuga-
tion to a carrier molecule, for example, a protein or a
synthetic polymer. Proteins such as bovine serum
albumin, keyhole limpet haemocyanin, or diphtheria
toxoid are widely used for this purpose. Although the
conjugated product is antigenic, it comprises a large
number of epitopes other than those associated with the
synthetic peptide of interest. Di Marchi et al.1 described
a synthetic peptide comprising two immunologically
significant regions of a virus coat protein joined by a
spacer. The resulting peptide had adequate molecular
weight to induce an immune response. However, the
spacer region itself can potentially act as an antigenic
epitope. In 1983, a synthetic analogue of the N-terminal
moiety of bacterial lipoprotein from Escherischia coli
(tripalmitoyl-S-glyceryl cysteine), termed Pam3Cys, was
described.2 This construct was conjugated to B and T
cell epitopes and after administration to animals gener-
ated long-lasting antibody and T helper responses3 and
cytotoxic T lymphocytes.4 High antibody titers have
been attained by coupling immunogenic peptides to a
polylysine core, to form a multiple antigenic peptide.5

We have further refined this approach, by using a
lipoamino acid (LAA)-based lipidic anchor moiety at the
C terminus of the polylysine system (lipid core peptides,
LCP).6 In the LCP system, the carrier, adjuvant, and
antigen are contained in the same molecular entity. This
molecular entity can be readily synthesized in a single
reaction vessel, by stepwise solid phase methods. Prop-
erties such as molecular weight, charge, lipophilicity,
targeting moieties, radiolabels, and so forth can readily

be varied in the LCP system. Promising immunological
data were obtained in preliminary studies using the
LCP system via the parenteral route; for example, the
immunogenicity was found to be much greater for
synthetic peptides from foot and mouth disease virus7

incorporated into the LCP system than when synthetic
peptide was combined with complete Freund’s adjuvant
(CFA).8 Synthetic peptides derived from the variable
domains of Chlamydia trachomatis outer membrane
protein induced titers up to 3200-fold higher when in
the LCP system, than when used with CFA.9

This study has investigated the LCP system as a self-
adjuvanting antigen delivery system for the delivery of
group A streptococcal (GAS) vaccine candidates based
on the M protein. GAS are human pathogens that cause
a variety of illnesses and diseases, ranging from the
relatively minor pharyngitis to more severe, invasive
diseases, the poststreptococcal sequelae-rheumatic heart
disease and acute glomerulonephritis.10-12 These dis-
eases are a major health concern in developing countries
and indigenous populations worldwide but especially in
the Australian Aboriginal population.12-14 Current vac-
cine strategies aimed to prevent GAS infection, and
consequently GAS-associated diseases, have focused on
the bacterial surface M protein. The M protein is
composed of a highly variable amino terminal region,
which defines the GAS serotype (there are at least 100
different GAS serovars), a series of A repeats and B
repeats, and the C repeat region, which is highly
conserved between different GAS strains.11 The M
protein is an important virulence factor during GAS
infection, and it has been shown that opsonic antibodies
directed to the M protein type-specific and conserved
region are important in the development of protective
immunity.15-17 Previous studies have demonstrated the
protective potential of various M protein-based GAS
vaccine candidates using an animal model of GAS
infection, at both the systemic17-19 and mucosal level.20-22

The delivery of the vaccine candidates, however, relied
on coadministration with adjuvants, such as CFA and
cholera toxin B subunit, that are too toxic for human
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use. Alternative vaccine design and delivery strategies
must therefore be investigated to aid the progression
of GAS vaccine research and development, with the
eventual application to the clinic.

In this study, LCP constructs were synthesized in-
corporating peptides from either the M protein N
terminus type-specific region and/or the conserved C
terminus C repeat region. The constructs were used to
immunize mice by the parenteral route prior to the
assessment of immunogenicity.

Results and Discussion

The peptide epitopes J8 and 8830 were incorporated
into the LCP system. The lipophilic anchor was con-
structed using three copies of racemic LAAs resulting
in a diastereomeric mixture consisting of four pairs of
enantiomers. A glycine was employed as a spacer
between the MBHA resin and the first LAA. Our
previous experiments (unpublished results) indicated
that higher antibody responses could be achieved using
another glycine spacer molecule between the second and
third LAAs. An LCP construct (Figure 1), LCP1 (eight
diastereomers), was synthesized containing three 2-ami-
no-dodecanoic acids with the glycine spacers and four
copies of epitope J8, using Boc synthesis methods.
Another construct (LCP2) was synthesized containing
three copies of 2-amino-decanoic acids with the above-
described glycine spacers, two copies of epitope J8, and
two copies of epitope 8830. The final compound was
again a diastereomeric mixture of eight optically active
compounds. The rationale for using two carbon shorter
LAAs was to offset the slightly higher lipophilicity of
epitope 8830, as compared with epitope J8. To introduce
different peptide epitopes into the same LCP construct,
orthogonally protected lysines were employed. The
terminal amino group of each lysine was Boc-protected,
while the ε-amino group was Fmoc-protected. Partial
amino deprotection was achieved by removing the Boc
protection initially. Peptide J8 was constructed on these
amino groups, using Boc synthesis methods, while the
other two amino functions of the lysines remained Fmoc-
protected. On completion of the J8 synthesis, the two
Fmoc protections were removed from the amino func-
tions of the lysines and the synthesis of two copies of
peptide 8830 was accomplished using standard Boc-
amino acid coupling and deprotection methods.24 The
final cleavage using hydrogen fluoride resulted in the
LCP peptide, LCP2.

Serum IgG Antibody Responses in B10.BR Mice
Immunized with LCP Constructs. LCP1. Serum IgG
antibody responses to the peptide J8 were measured in
groups of mice immunized with the LCP1 construct,
either with or without CFA (Figure 2A). We have

previously shown that the J8 peptide is not immuno-
genic in the absence of adjuvant after primary im-
munization followed by boostings with the free peptide.
J8 was administered in CFA as a positive control. Three
weeks after the primary immunization, J8-specific
antibodies were detected in all mice immunized with

Figure 1. LCP system. LCP1: P1 ) P2 ) QAEDKVKQSREAKKQVEKALKQLEDKVQ; n ) 9. LCP2: P1 ) QAEDKVKQS-
REAKKQVEKALKQLEDKVQ; P2 ) DNGKAIYERARERALQELGPC; n ) 7.

Figure 2. Serum IgG antibody responses in B10.BR mice
immunized parenterally with the LCP1 (A) and LCP2 (B and
C) constructs in the presence or absence of CFA, on day 49.
For the LCP1 construct, antibody titers to the J8 peptide for
individual mice are shown, with the average titer (arithmetic
mean) represented as a bar. For the LCP2 construct, antibody
titers to the 8830 and J8 peptides for individual mice are
shown, with the average titer represented as a bar. Antibody
titers are shown for individual control mice that were im-
munized with J8/CFA and 8830/CFA, to the J8 and 8830
peptides, respectively.
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LCP1 in CFA and J8 in CFA, giving a final average
antibody titer after 5 boosts of 1 365 333 and 747 520,
respectively. J8-specific antibodies were not detected at
3 weeks postimmunization in mice immunized with
LCP1 without adjuvant. However, after 1 boost of
immunogen, 2 of the 10 mice had J8 antibodies, and
after boost 3, J8 antibodies were detected in all mice.
After the final boost (boost 5) the average J8 antibody
titer in mice immunized with the LCP1 construct
without adjuvant was 49 560. We have shown that the
level of antibodies induced by immunization with the
LCP1 construct in the absence of adjuvant is sufficient
to impart protective immunity to GAS infection (un-
published results).

LCP2. High titer antibody responses were detected
in all mice immunized with LCP2 in CFA to both J8
and 8830 GAS peptides (Figure 2B,C), as early as 3
weeks postimmunization, with a final average titer of
2 548 622 and 2 184 533, respectively. Positive controls
(8830/CFA and J8/CFA) also gave high antibody titers
of 1 966 080 and 89 600, respectively. Thus, the antibody
responses to the 8830 peptide were similar in mice
immunized with the free peptide alone in CFA and those
immunized with LCP2 in CFA; antibody responses to
the J8 peptide, however, were almost 3-fold higher in
mice immunized with LCP2 in CFA as compared to
those immunized with free peptide alone in CFA. J8 and
8830 peptide-specific antibodies were first detected in
mice immunized with LCP2 without adjuvant after the
first boost and gave a final average titer after the fourth
boost of 6910 and 103 780, respectively.

Conclusion

We have previously demonstrated complete protection
of mice from systemic GAS infection following im-
munization with an M protein-based multiepitope vac-
cine construct.17 The efficacy of the construct, however,
required administration in CFA, which is not suitable
for human use and was delivered subcutaneously. This
current study has investigated the LCP system as an
alternative delivery strategy for a GAS vaccine and has
demonstrated the immunogenicity of two different GAS-
based LCP constructs in mice. Moreover, our data
demonstrated the immunogenicity of these LCP con-
structs in the absence of any additional adjuvant. These
findings indicate the potential use of the LCP system
in the delivery of a synthetic GAS vaccine with self-
adjuvanting properties, with a view to the development
of a mucosal-based vaccine for human application.

Experimental Section

Chemistry. The peptide synthesis was carried out on solid
phase using standard Boc chemistry.23 After each coupling
step, yields were determined by measuring residual free amine
with the quantitative ninhydrin assay.24 When necessary,
further couplings were performed until the coupling yield
reached a minimum of 99.8%. The LAAs were synthesized as
described previously.25 Amino acid analysis was carried out
according to Cohen et al.26 The details of the chemistry and
the characterization of LCP1 and LCP2 are provided as
Supporting Information.

Mice and Immunization. For immunization purposes,
stock peptides were dissolved in sterile phosphate-buffered
saline (PBS) at a concentration of 10 mg/mL and stored at -20
°C. Four to six week old female B10.BR mice (Animal Resource
Centre, Perth, WA, Australia) were used (n ) 10 per group)

for subcutaneous immunization at the tail base with 30 µg of
LCP construct, either emulsified 1:1 with CFA (Sigma, Castle
Hill, NSW, Australia) or given alone in a total volume of 50
µL of sterile-filtered PBS. After 3 weeks, mice received a
further 4 boosts at weekly intervals with 3 µg of LCP construct
in PBS prior to the collection of blood on day 49. Controls
received 30 µg of free peptide in CFA with boosts of 3 µg.

Collection of Sera. Blood was collected from each mouse
by the tail artery and allowed to clot at 37 °C for 1 h, followed
by the removal of clots by centrifugation at 3000 rpm for 10
min. Sera were then stored at -20 °C.

ELISA. Enzyme-linked immunosorbent assay was per-
formed for the measurement of total IgG antibody titers in
sera, essentially as previously described.27 Sera samples were
assayed using 2-fold dilutions of a 1 in 100 dilution of sera.
Antibody titers were defined as the lowest dilution that gave
an optical density (OD) reading at 450 nm of more than 3
standard deviations above the mean OD of control wells
containing normal mouse sera (obtained from mice immunized
with CFA in PBS only).

Acknowledgment. This work was supported by the
NH & MRC of Australia, the National Heart Foundation
of Australia, and the Cooperative Research Centre for
Vaccine Technology, to which we would like to express
our thanks. The authors also thank Mr. Ben Tsang for
his help in the synthesis of construct LCP 1.

Supporting Information Available: Synthesis, purifica-
tion, and characterization of compounds LCP1 and LCP2. This
information is available free of charge via the Internet at http://
pubs.acs.org.

References
(1) Di Marchi, R.; Brooke, G.; Gale, C.; Cracknell, V.; Doel, T.;

Mowat, N. Protection of Cattle Against Foot-and-Mouth Disease
by a Synthetic Peptide. Science 1986, 232, 639-641.

(2) Wiesmuller, K. H.; Bessler, W.; Jung, G.; Synthesis of the
mitogenic S-[2,3-bis(palmitoyloxy)propyl]-N-palmitoylpentapep-
tide from Escherichia coli lipoprotein. Hoppe Seylers Z. Physiol.
Chem. 1983, 364, 593-606.

(3) Wiesmuller, K. H.; Jung, G.; Hess, G. Novel Low-Molecular-
Weight Synthetic Vaccine against Foot-and-Mouth Disease
Containing a Potent B-Cell and Macrophage Activator. Vaccine
1989, 7, 29-33.

(4) Deres, K.; Schild, H. J.; Wiesmuller, K. H.; Jung, G.; Rammensee,
H. G. In vivo priming of Virus Specific Cytotoxic T Lymphocyte
with Synthetic Lipopeptide Vaccine. Nature 1989, 342, 561-
564.

(5) Tam, J. P.; Lu, Y.-A.; Enhancement of immunogenicity of
synthetic peptide vaccines related to hepatitis in chemically
defined models consisting of T-and B-cell epitopes. Proc. Natl.
Acad. Sci. U.S.A. 1989, 86, 9084-9088.

(6) Toth, I.; Danton, M.; Flinn, N.; Gibbons, W. A. A Combined
adjuvant and carrier system for enhancing synthetic peptides
immunogenicity utilising lipidic amino acids. Tetrahedron Lett.
1993, 34, 3925-3924.

(7) France, L. L.; Piatti, P. G.; Newman, J. F. E.; Gibbons, W. A.;
Toth, I.; Brown, F. Circular dichroism, molecular modelling and
serology indicate that the structural basis of antigenic variation
in foot-and-mouth disease virus is R-helix formation. Proc. Natl.
Acad. Sci. U.S.A. 1994, 91, 8442-8446.

(8) Toth, I.; Flinn, N.; Gibbons, W. A.; Good, M.; Hayman, W.;
Brown, F. Immunological evaluation of the Lipid-Core-Peptide
(LCP) adjuvant/carrier system. In Peptides: Chemistry, Struc-
ture and Biology; Kaumaya, P. T. P., Hodges, R. S., Eds.;
Mayflower Scientific Ltd.: 1995; pp 810-811.

(9) Zong, G.; Toth, I.; Reid, R.; Brunham, R. C. Immunogenicity
evaluation of a lipidic amino acid based synthetic peptide vaccine
for Chlamydia trachomatis. J. Immunol. 1993, 151, 3728-3736.

(10) Bisno, A. L. Group A streptococcal infections and acute rheu-
matic fever. N. Engl. J. Med. 1994, 325, 783-93.

(11) Fischetti, V. Streptococcal M protein. Sci. Am. 1991, 264, 32-
39.

(12) Martin, D. R.; Sriprakash, K. S. Epidemiology of group A
streptococcal disease in Australia and New Zealand. Recent Adv.
Microbiol. 1996, 4, 1-40.

(13) Carapetis, J. R.; Wolff, D. R.; Currie, B. J. Acute rheumatic fever
and rheumatic heart disease in the top end of Australia’s
Northern Territory. Med. J. Aust. 1996, 164, 146-149.

(14) Stollerman, G. H. Rheumatic fever. Lancet 1997, 349, 935-942.

Brief Articles Journal of Medicinal Chemistry, 2002, Vol. 45, No. 6 1389



(15) Fischetti, V. A. Streptococcal M protein: Molecular design and
biological behavior. Clin. Microbiol. Rev. 1989, 2, 285-314.

(16) Robinson, J. H.; Kehoe, A. Group A streptococcal M protein:
virulence factors and protective antigens. Immunol. Today 1992,
13, 362-367.

(17) Brandt, E. R.; Sriprakash, K. S.; Hobb, R. I.; Hayman, W. A.;
Zeng, W.; Batzloff, M. R.; Jackson, D. C.; Good, M. F. Novel
multi-epitope strategy for a group A streptococcal vaccine
designed for the Australian Aboriginal population. Nat. Med.
2000, 6, 455-459.

(18) Dale, J. B.; Chiang, E. Y.; Lederer, W. Recombinant tetravalent
group A streptococcal M protein vaccine. J. Immunol. 1993, 151,
2188-2194.

(19) Dale, J. B.; Simmons, M.; Chiang, E. C.; Chiang, E. Y. Recom-
binant, octavalent group A streptococcal M protein vaccine.
Vaccine 1996, 14, 944-948.

(20) Bessen, D.; Fischetti, V. A. Influence of intranasal immunization
with synthetic peptides corresponding to conserved epitopes of
M protein on mucosal colonization by group A streptococci. Infect.
Immun. 1988, 56, 2666-2672.

(21) Bessen, D.; Fischetti, V. A. Synthetic peptide vaccine against
mucosal colonization by group A streptococci. I. Protection
against a heterologous M serotype with shared C repeat region
epitopes. J. Immunol. 1990, 145, 1251-1256.

(22) Bronze, M. S.; Courtney, H. S.; Dale, J. B. Epitopes of group A
streptococcal M protein that evoke cross-protective local immune
responses. J. Immunol. 1992, 148, 888-893.

(23) Schnölzer, M.; Alewood, P.; Jones, A.; Alewood, D.; Kent, S. B.
H. In situ neutralization in Boc-chemistry solid-phase peptide
synthesis. Int. J. Peptide Protein Res. 1992, 40, 180-193.

(24) Stewart, J. M.; Young, J. D. Solid-Phase Peptide Syntheis, 2nd
ed.; Pierce Chemical Company: Rockford, IL, 1984.

(25) Gibbons, A. W.; Hughes, R. A.; Szeto, A.; Charalambous, M.;
Aulabaugh, A.; Mascagni, P.; Toth, I. Lipidic Peptides I. Syn-
thesis resolution and structural elucidation of fatty amino acids
and their homo- and hetero-oligomers. Liebigs Ann. Chem. 1990,
1175-1183.

(26) Cohen, S. A.; Michaud, D. P. Synthesis of a Fluorescent Deriva-
tizing Reagent, 6-Aminoquinolyl-N-Hydroxysuccinimidyl Car-
bamate, and Its Application for the Analysis of Hydrolysate
Amino Acids via High-Performance Liquid Chromatography.
Anal. Biochem. 1993, 211, 279-287.

(27) Pruksakorn, S.; Galbraith, A.; Houghten, R. A.; Good, M. F.
Conserved T and B cell epitopes on the M protein of group A
streptococci: Induction of bactericidal antibodies. J. Immunol.
1992, 149, 2729-2735.

JM0110441

1390 Journal of Medicinal Chemistry, 2002, Vol. 45, No. 6 Brief Articles


