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Group A streptococcus is a Gram-positive bacteria that causes a range of infectious diseases. Targeting the
bacteria, a new self-adjuvanting vaccine candidate, incorporating a carbohydrate carrier and an amino
acid-based adjuvant, was synthesised utilising carbohydrate chemistry and solid-phase peptide synthesis
procedures. Characterisation of the candidate was achieved using reverse-phase HPLC and electrospray

ionisation mass spectrometry. The successful synthesis and characterisation of the vaccine candidate
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may contribute to the discovery of a therapeutically and clinically viable vaccine against group A
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Group A streptococcus (GAS, Streptococcus pyogenes) is respon-
sible for a range of infectious conditions, ranging from mild tonsil-
litis to more severe form of necrotizing fasciitis. Despite successful
treatment of these infections with adequate doses of antibiotics,
sequential post-infectious autoimmune responses, including rheu-
matic heart disease (RHD) and rheumatic fever (RF), still affect mil-
lions of lives each year.! To avoid pandemic situations and to
reduce the fatality rate of both GAS infections and post-streptococ-
cal diseases, initial preventative measures to impede primary
infections caused by GAS bacteria need to be considered. Vaccina-
tion, remains one of the most effective and cost-efficient methods
in infectious disease prevention and control, and thus is the pre-
ferred approach to managing GAS infections.!?

The aim of this project was to synthesise a peptide subunit vac-
cine candidate against GAS; utilising peptide, carbohydrate and
lipid moieties. Four copies of an antigenic peptide epitope known
as PL1 were incorporated into the carbohydrate core of the vaccine
construct. PL1 is a peptide epitope derived from the variable N-ter-
minus region of the antigenic M-protein of a virulent GAS serovar,
this a-helical surface protein present in most GAS strains.!>* PL1
epitope was shown!? to instigate high levels of immune response
against specified serotypes of the GAS family and it was reported*®
that multiple copies of peptide epitope elicited higher antibody
titres than a single peptide unit. The carbohydrate core acts as a
carrier of peptide epitopes and the lipoamino acid-based unit acts
as an adjuvant (Fig. 1).

* Corresponding author. Tel.: +61 7 33469892; fax: +61 7 33654273.
E-mail address: p.simerska@ugq.edu.au (P. Simerska).
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Antigenic epitopes attached to a peptide-based carrier and
a lipid moiety were shown by previous studies to be highly immu-
nogenic and generate comparable titres of antibodies against
incorporated epitopes when compared to the same epitopes
administered with an adjuvant (e.g., complete Freund’s adjuvant,
CFA).”"1° The presence of lipoamino acids (LAAs) resulted in an in-
creased lipophilic character of the construct which contributed to
enhancing the uptake of the vaccine candidate and also acted as
a built in adjuvant. The co-administration of alternative and often
toxic adjuvants (e.g., CFA or cholera toxins) was not necessary. This
novel adjuvant system also opens the way towards alternative vac-
cination routes such as the intranasal or oral routes.'19

The synthesis of the carbohydrate carrier (Scheme 1) involved
the cyanoethylation!!'? of p-p-glucopyranosyl azide (1) giving tet-
ra-0-(cyanoethyl)-p-glucopyranosyl azide (2) followed by selective
hydrogenation of the azido group of compound 2 in dry tetrahy-
drofuran (THF) in the presence of palladium. The resulting amino
group was then coupled to monobenzyl adipate using O-benzotri-
azole-N,N,N',N'-tetramethyluronium hexafluorophosphate (HBTU)
and N,N-diisopropylethylamine (DIPEA) in THF.!? The four cyano-
ethyl groups of the benzyl ester derivative 4 were immediately
reduced to primary amines via the addition of sodium borohydride
(NaBH4) and a catalytic amount of cobalt chloride (CoCl,) and then
Boc-protected to yield ester 5. The benzyl group of compound 5
was cleaved by reductive hydrogenation (H, and Pd/C), resulting
in a carboxylic acid at the anomeric position of B-p-glucosyl deriv-
ative 6. Yields were found to be much higher when performing the
reaction with a hydrogenator (Thales H-Cube Hydrogenator, Thales
Nanotechnology, Hungary) rather than under standard procedure
(H, atmosphere).'*
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Figure 1. Structure of the vaccine candidate against group A streptococcus.
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Scheme 1. Synthesis of the p-glucose-based carrier. Reagents and conditions: (a) MeCN, acrylonitrile, DBU (b) THF, H,, 10% Pd/C, rt; (c) HBTU, DIPEA, THF, monobenzyl
adipate, rt; (d) NaBH,4, CoCl,, Boc,0, rt; (e) hydrogenation (Thales H-Cube Hydrogenator).
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Scheme 2. Synthesis of the vaccine construct-utilising SPPS procedures. Reagents and conditions: (f) coupling of Gly, Cy3, C12 Gly and Cy» and carbohydrate core 6 onto
PMBHA resin in the presence of HBTU (1.5 equiv) and DIPEA (1.6 equiv) in DMF, Boc-protecting groups were removed with TFA; (g) coupling of four copies of the PL1 using
HBTU, DIPEA in DMF; Boc-deprotection by TFA; cleavage of crude product from the pMBHA resin using HF and p-cresol scavenger.
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Figure 2. Characterisation of the pure GAS vaccine candidate (9) by analytical RP-HPLC and ESI-MS results. Reagents and conditions: (I) RP-HPLC eluent A—0.1% TFA/H,0;
eluent B—90% MeCN/10% H,0/0.1% TFA; 0-100% gradient of the eluent B over 30 min, 1 mL/min flow rate, 214 nm; Vydac C4 column (214TP54, 5 pm, 4.6 x 250 mm); (II) RP-
HPLC eluent A—0.1% TFA/H,0; eluent B—90% MeOH/10% H,0/0.1% TFA; 0-100% gradient of the eluent B over 30 min, 1 mL/min flow rate, 214 nm; Vydac C4 column
(214TP54, 5 pum, 4.6 x 250 mm); (III) ESI-MS—multiple charged ions from the vaccine molecule (Mw = 10,316.8 g/mol).

The lipid moiety 7 was generated using stepwise solid-phase
peptide synthesis (SPPS) (Scheme 2), where three C;, LAAs and
two glycine spacers were coupled to p-methylbenzhydrylamine
(pPMBHA) resin. The same methods were applied for further cou-
pling of the p-glucose carrier 6 to lipid moiety 7 to form liposaccha-
ride 8. Upon removal of the Boc-protecting groups, four copies of
PL1 epitope (EVLTR RQSQD PKYVT QRIS)'> were coupled onto the
liposaccharide 8. Coupling efficiencies during the SPPS procedures
were checked after coupling steps by ninhydrin test, ensuring that
a minimal 99.6% coupling efficiency was achieved (if necessary
double coupling was employed).'®'” Upon completion of the syn-
thesis (Scheme 2), the crude vaccine candidate 9 was cleaved from
the pMBHA resin using anhydrous HF.'®

The crude product 9 was purified by preparative reversed-phase
HPLC (RP-HPLC) and its purity was confirmed by analytical RP-
HPLC and electrospray ionisation mass spectrometry (ESI-MS).
The retention times of the pure compound 9 were detected to be
18.1 and 24.2 min using conditions A (Fig. 2, I) and B (Fig. 2, II),
respectively, and the structure of the purified product was con-
firmed by ESI-MS (Fig. 2, 1l)."?

The physiological efficacy of the synthesised compound 9 will
be evaluated in vivo in mice and reported elsewhere.
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