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Abstract: The immunogenicity of a peptide-protein conjugaéeeloped by linking a peptide mimic
DRPVPY of the Group AStreptococcus cell-wall polysaccharide (GAS-CWPS), to tetanusgotd
(TT) was examined. BALB/c mice were immunized thtieges subcutaneously following homologous
or heterologous prime/boost strategies at 4- omwéek intervals in two different experiments.
DRPVPY-TT, CWPS-TT, heat-killed, pepsin-treated G#e&&teria (with exposed polysaccharide) and
TT, were used as immunogens with alum as adjuvaritbody titers were determined by ELISA with
GAS bacteria (with exposed polysaccharide) and DRPiinked to bovine serum albumin (BSA,
DRPVPY-BSA) as solid phase antigens. All mice pdmégth DRPVPY-TT developed high IgG anti-
peptide and anti-GAS titers. The binding of polyab anti-peptide antibodies to GAS could be
inhibited by purified CWPS, synthetic oligosacchas corresponding to CWPS, DRPVPY-BSA,
DRPVPY and DRPVP, as assessed by competitive-intnibELISA. Anti-oligosaccharide titers were
also obtained upon titration of anti-peptide seithwynthetic oligosaccharide-BSA conjugates. All
mice primed with CWPS-TT and mice primed and babstéth GAS developed IgG anti-peptide
titers. These data demonstrate conclusively thesereactivity of the immune responses and support
the hypothesis of antigenic mimicry of the GAS-CWRSthe hexapeptide DRPVPY. However, mice
boosted with DRPVPY-TT, after 6-8 weeks, showeaeréase in IgG anti-GAS titers, but an increase
in IgG anti-peptide titers, suggesting carrier-iogldi suppression of the response to polysaccharide.
Strategies are outlined for further refinement dRPVPY conjugate as a surrogate of the cell-wall
polysaccharide for use in vaccines against Grougréptococcus.
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INTRODUCTION The Lancefield classification scheme of serologic
typing distinguished the beta-hemolytireptococci

Sreptococcus pyogenes (Group A Streptococcus, based on their Group A cell-wall polysaccharide
GAS) is a gram-positive extracellular bacteriumjokh (CWPS), composed df-acetylglucosamine linked to a
colonizes the throat or skin and is responsible &or rhamnose polymer backbone (compound 1, Fig. 1).
number of suppurative infections and their non-Sreptococci were also serologically separated into M
suppurative,  immunologically-mediated  sequelaeprotein serotypes based on a surface protein. hhane
including acute rheumatic fever, acute 80 M protein serotypes have been identified. Vagsin
glomerolunephritis and reactive arthfifis GAS has containing the streptococcal M protein and its
been recognized as a common cause of bacterisbmponent peptid€sY as well as CWPS-protein
pharyngitis (strep throat), skin abscesses, impetigd  conjugate$>*?! are under investigation, among other
scarlet fever. More recently, GAS has been receghiz antigen§**. The validity of the CWPS as a viable
as the causative agent of toxic shock-like syndram# vaccine candidate has been established in a recent
necrotizing fasciitis which invades skin and sifsties  study™.
and in severe cases leaves infected tissues dedti8y An alternative approach to vaccine design is the
Acute rheumatic fever and rheumatic heart disease ause of molecules that mimic the immunogenic element
the most serious autoimmune sequelae of GA®f interest®®. Carbohydrate-mimetic peptides have
infection affecting children worldwide. After theleent  potential as surrogate ligands for traditional
of antibiotics, diseases caused Sypyogenes declined carbohydrates vaccines providing more discrimimatin
in incidence and severity in developed counffie;n  immune responsEd. Screening of phage-displayed
the last 20 years, these diseases have re-emenged deptide libraries with carbohydrate-specific antiles
industrial countries and a dramatic increase ofrthe had identified carbohydrate-mimetic peptides with
frequency is observed in developing counftiésMass  demonstrated antigenic and immunogenic riatie
vaccination would therefore be of interest for@ét in  certain  cas€3'™®  In the present
prevention of these infectiofr$. context, a GAS carbohydrate -mimei&ptide,
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Fig. 1: Cell-wall polysaccharide (CWPS) of the lesiet Sreptococcus Group A (compound), CWPS-peptide mimic: DRPVPY (compound 2)
and CWPS variant (CWPSyv, compound 3)

DRPVPY (compound 2, Fig. 1), cross-reactive with an ~ We report herein, the immunogenicity of a
anti-CWPS monoclonal antibody, SA-3, wasDRPVPY-TT conjugate (compound 5, Fig. 2) in
identified®. SA-3 recognizes a branched trisaccharideBALB/c mice, the cross-reactivity of the anti-pefgti
repeating unit L-Rha(1- 2)-[D-GIcNAc-3-(1-3)]- sera with CWPS and the characterization of the
a-L-Rha as an epitoffd. Detailed immunochemical specificity of the antibody response observed by
studies of the recognition of DRPVPY by SA-3 showedcompetitive-inhibition ELISA. The potential of the
that the mechanism of peptide binding differs fritvat ~ conjugate as a surrogate compound in vaccines stgain
of the carbohydrat®. The structure of this peptide is GAS and new insights into carbohydrate-peptide
worthy of comment. The presence of two prolinessadd antigenic mimicry are presented.

defined structure to this short peptide. A detailed

transferred-NOE NMR study of the antibody-bound MATERIALSAND METHODS
conformation of the peptide has been describeeiaild
by Johnsoret al ?>%°! Group A Streptococcus (GAS) used as solid-phase

It was clear that a defined tight turn conformatio antigen for ELISA and as immunogen in control
in the VPY region, a likely peptide epitope, is micegroups:  Sreptococcus pyogenes Group A
recognized by the SA-3 antibody used to isolate thitype 4, strain J17A4 bacteria were heat-killed and
peptide in the original phage screening protocolpepsin-digested to expose the cell-wall polysaddear
Evidence was presented that this conformation Vgas a as describéd?®; kindly provided by Pitné?” . The
present in the ensemble of conformations of the freoriginal treatment with pepsin was reported by lseau
peptide. STBNMR experiments also indicated that the €t al.”®! to remove most of protein and expose the cell-
D residue did not form contacts within the antibodywall carbohydrate antigens. Immunization with such
combining site, a results that is consistent witvipus  bacteria in several studies in the f&8t** has shown
immunochemical studies in which the D residue waghat a strong anti-polysaccharide response is méxai
modified?”. These data, taken together, augur well for
a presentation of this peptide conformation on thePreparation of Group A polysaccharide and Group
phage surface. The synthesis of DRPVPY-based variant polysaccharide used as inhibitors and
conjugates, to bovine serum albumin, BSA (compoundWPS-TT  conjugate: The cell-wall Group A
4, Fig. 2) and to tetanus toxoid, TT, (compoundrig,  polysaccharide (CWPS, compound 1, Fig. 1) and its
2) together with their immunochemical evaluationtwi Vvariant (CWPSv, compound 3, Fig. 1) form were
SA-3 was reported recerfy). It is noteworthy that a extracted and characterized as deschBled The
search of the human genome reveals that the seguenéWPS-TT conjugate was obtained by reductive
DRPVPY is not present (NCBI's protein database). ~ amination using cyanoborohydride as descrifed
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ig. 2: Synthetic peptide conjugates: DRPVPY-BSénfpound 4, left) and DRPVPY-TT (compound 5, righdgd in this study

a-L-Rhap(1 - 2) a-L-Rhap-(1 - 3)- a-L-Rhagp-(1 - 2) [B-D-GlcpNAc(1 - 3)]a-L-Rhap(1 - OAll

a-L-Rhgp-(1- 2) [B-D-GlcpNAc(1 - 3)]- a-L-Rhap(1 - OAlI

a-L-Rhap-(1- 2) [B-D-GlcpNAc(1 - 3)]- a-L-Rhap(1 - 3) )- a-L-Rhap-(1 - 2) [B-D-GlcpNAc(1 - 3)] a-L-Rhagp(1 - OAll

CWPS-BSA

10. [0-L-Rhap-(1-2) [B-D-GlcpNAc(1 - 3)]- a-L-Rhagp-O(CHy)sCONH]s.1-BSA

11. [[B-D-GlcpNAc(1 - 3)]- a-L-Rhap-(1 - 3)- a-L-Rhap-(1 - 2)[ B-D-GlcpNAc(1 - 3)]- a-L-Rhap-O(CH,)sCONH]s.16BSA

12. [[-a-L-Rhagp-(1-2) [B-D-GlcpNAc(1 - 3)]- a-L-Rhap-(1 - 3)- a-L-Rhgp-(1 - 2)[ B-D-GlcpNAc(1 - 3)]- a-L-Rhgp- O(CHy)s S(CHy), NH
CO (CHy):NH]s-BSA

©xoNOo

13. [[-0-L-Rhg-(1-2) [B-D-GlcpNAc(1l- 3)]- a-L-Rhgp-(1 - 3)- a-L-Rhgp-(1 - 2)[ B-D-GlecpNAc(1 - 3)]- a-L-Rhap.O(CH)sS(CH:).NH-
squaratel-BSA
Fig. 3: Structures of synthetic oligosaccharide ibitbrs and glycoconjugates: pentasaccharide (comgo6), branched-trisaccharide

(compound 7) and hexasaccharide (compound 8), ysgmtharide BSA-conjugate (compound 9) and othigosdccharide protein
conjugates (compounds 10-13) used as solid-phaigeas in titration ELISA

These compounds were kindly provided by Dr. FranciExperimental groups of mice and immunization
Michon (Baxter Vaccines, MD, USA). protocols;: Female BALB/c mice (6-8 weeks) were

oncorl Ay b S5 pepgeompey S Tom s R Bredrg abartores,
and DRPVP, DRPVPY-TT and DRPVPY-BSA ! . . .

conjugates. The MAb SA3 (IgM) has been described OUr Animal Facility following the animal care
earlie%l] and was used as an ELISA control afterguidelines. Five groups of 4 mice each were ingcte
purification from ascites fluid by gel-filtration Subcutaneously (s.c.) in week 0, 4 and 10, with the
chromatography. The CWPS-peptide  mimeticconjugates, Alhydrogel (2%, Superfos Brenntag
DRPVPY was synthesized using the Fmoc solid-phas8iosector, Frederikssund, Denmark), or controlsnia
strategy and linked via the amino terminus to adifferent experimental protocols. Mice were bledigv
bifunctional linker, diethylsquarate and then cgajted 2 weeks, their sera analyzed and mean reciprockl en
to tetanus toxoid (TT) or bovine serum albumin (BSA noint titers and standard deviation determined

as immunogenic carriers, as descrifégcompounds 4 In experiment 1, Control groups received 100f

and 5, Fig. 2). The average level of incorporatbthe h . . :
; 0 . o neat-killed pepsin-treated GAS bacteria (Group 5) G
peptide on TT was 65% while that on BSA was 100% r 1001g of Alhydrogel and 10Qig of TT (Group 4,

(Fig. 2). The peptide DRPVP was also synthesized a2 _ s
described above and evaluated as an inhibitor %), in weeks 0, 4 and 10. Mice from Group 1 (G1)

competitive inhibition ELISA assays received 10Qug Alhydrogel and 10Qug of DRPVPY-
TT, in weeks 0 and 4. Results obtained in weekad a
Synthetic oligosaccharides and glycoconjugatesused 8 lead to boost these mice with 5§ DRPVPY-BSA in
asinhibitorsand solid-phase antigensin ELISA: The  week 10
pentasaccharide (compound 6, Fig. 3), the branched- |n Groups 2 (G2) and 3 (G3) a heterologous
trisaccharide (compound 7, Fig. 3) and hexasaai®ari prime/boost strategy was implemented. Group 2 mice
(Comg’%‘g]”d 8, Fig. 3) were available from our pré®io \yere primed with ug CWPS-TT and boosted with 100
work™"*%, _CWPS'BSA (compound 9, F|g._ 3), pg DRPVPY-TT in week 4 and results led us to boost
branched-trisaccharide-BSA (compound 10, Fig. S)With 50 ug of DRPVPY-BSA in week 10. Group 3

pentasaccharide-BSA  (compound 11, Fig. 3), . . :
(hexasaccharidgBSA (compound 12, Fig. 3), mice were primed with 10Qug DRPVPY-TT and

(hexasaccharide}squarate-BSA (compound 13, Fig. Poosted with Jug CWPS-TT in week 4 and results led
3) were also available from our previous Wor&. to a final boost with 5@ig of DRPVPY-TT in week 10.
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In experiment 2, Control groups received 1@0of  and incubated at room temperature for 3 h. Theeglat
Alhydrogel and 2 mg of CWPS-TT (Group 4, G4) orwere washed and the bound 1gG was detected as
100ug of TT (Group 5, G5) in weeks 0, 4 and 10. Mice described for the ELISA above.
from Group 1 (G1) received 1@ DRPVPY-TT, once
and were then euthanized in week 5. Group 2 (Gegmi Titration ELISA: Microtiter plates (NUNC) were
were immunized with 100 mg DRPVPY-TT in weeks 1 coated overnight at room temperature with CWPS-BSA
and 4. Results from these weeks led us to giveal fi (compound 9, Fig. 3), branched-trisaccharide-BSA
boost with 2pg CWPS-TT in week 10. Mice from (compound 10, Fig. 3), pentasaccharide-BSA
Group 3 (G3) were primed with @g CWPS-TT and (compound 11, Fig. 3), (hexasacchardd$A
boosted with 100ug DRPVPY-TT in week 4 and (compound 12, Fig. 3) and (hexasaccharide-squagate)

: : BSA (compound 13, Fig. 3) conjugates (1§ mL™),
Its led to a final boost th 1§ DRPVPY-TT : ) ,
irr??/\lljezkelo 0 afinal boost was with A9 diluted in PBS (pH=7.4). Plates were blocked wifi® 1

pl/well of 1% BSA in PBS for 2 h at room temperature

ELISA for binding antibody: Antibody titers to ~ Mouse antisera were serially diluted (starting
DRPVPY and GAS polysaccharide in sera fromdlluuon of 1/50) in PBS-T and dup!lcat(_a aliquotiDQ
vaccinated mice were determined before vaccinatioht/well) were added to coated microtiter plates and
and 2 weeks after each vaccination by ELISA, adncubated for 3 h at_ room temperature. The ELISA wa
describel?. ELISAs were performed in 96-well plates Performed as described above.

(NUNC-MaxiSorp, Rochester, NY), coated overnight

with 100 pl/well of DRPVPY-BSA (or TT, 10pug RESULTS

mL™) or with a suspension of heat-killed, pepsin- o ) ) )

treated GAS bacteria corresponding teysAm~0.25. | mmunogenicity of the peptide conjugates: Antibody
Wells were blocked by the addition of 1% BSA foh 2 t|t_ers to DRPVPY: The |nd|V|dua_I mouse antisera (4
at room temperature. The plates were washed thrdBIC€ Per group, 5 groups of mice: G1 to G5) were

times with a washing solution of 0.05% Tween 20 andfValuated for the relative amounts of IgG antibttgy
0.9% NaCl. Antisera, 3-fold-serially diluted in 6%  contained that bound to DRPVPY-BSA. Pre-immune

Tween PBS (PBS-T) at a starting dilution of 1/5@yev  Sera screened by ELISA, using DRPVPY-BSA as solid
added (10Qul per well) and incubated for 3 h at room Phase antigen, showed low background activity (week
temperature. After washing four times as before,%RE'\%;‘T’_A‘r'ngn'}t'ggtepr'rl‘ssor‘]’gghd 1\/?/2;19 r?ifgr;[helgG
loned b he addton o 08 b el of a0 s s P 558 e 3o &
(Caltag Laboratories, San Francisco, CA) diluted”'9- 4 A-B). In_creases were seen after boost|_ngem|c
1:3000 in PBS-T. The plates were incubated ovetnighfro_m Gl-experiment 1 (Fig. 4A) and G2-experiment 2
at room temperature and again washed four times. 10(':'9' 4B) in weeks 6 and 8. Control_ groups (G4 &%

pul of substrate solution containing p-nitrophenyl shoyved mgch Iow_er mean_en_d-pomt titers to pepdide
phosphate (1 mg mit. Kirkegaard & Perry lab, all time points. This result indicates that thgjugates
Gaithersburg, MD) was added to the wells. Aftertd0 effectively promoted a strong and rapid thymus-
60 min at room temperature, the plates were scaaned dependent response to DRPVPY.

405 nm in a SpectraMax 340 microplate reader. The Cross-reactivity: _Anti-peptide antibodies bind to
titer was defined as the highest dilution yieldiag €*Posed-polysaccharide on Group &reptococcus

absorbance>0.1 after subtracting twice the average(GAS) bacteria Titers against exposed polysaccaarid
background reading. The negative control consisfed ON GAS bacteria were obtained when a high doskeof t
wells without serum. The positive control was thePeptide-experimental vaccine was administered emi
mouse MAb SA-3, appropriately diluted. (Fig. 5-6). A lower dose of 20-4Qig/mouse did not
elicit high cross-reactive titers (data not showrnhe
Competitive-inhibition ELISA studies with CWPS,  subcutaneous immunization with DRPVPY-TT (109
CWPSv, DRPVPY, DRPVP, DRPVPY-BSA and mL‘l) of mice resulted in anti-GAS primary responses
synthetic oligosaccharides corresponding to CWPS  (IgM and 1gG, weeks 2 and 4, Fig. 5-6). The respons
asinhibitors: Sera from those mice that had the highestvas higher for IgG than for IgM. Four weeks after
anti-DRPVPY antibody titers cross-reactive to GAS priming, the 1gG response was higher than thatestkw
bacteria in week 4 (G1l-experiment 2), were useda Se 2. The IgM response declined four weeks after prni
were incubated in duplicate at a final dilution1o100 (Fig. 5-6). No titer increases against TT, used as
with two-fold serial dilutions of inhibitors (compads  control, were seen. These anti-GAS titers, were hmuc
1-3, Fig. 1; compound 4, Fig. 2, compounds 6-8, B)g  |ower than those against peptide.
in PBS-T, starting at an initial concentration @03.g A lack of secondary response (IgG) cross-reactive
mL™, for 1 h at room temperature. Then, 30®f the  with GAS bacteria was observed after mice receaed
mixtures were transferred to plates coated witigans  booster injection of DRPVPY-TT at equal d¢&d
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experiment 1 and G2 experiment 2, respectively, in
week 6-8, Fig. 5-6) or lower (G3 experiment 2, aeWw A
12, Fig. 6). Attempts to save the cross-reactigpoase = CLDRPYY-TTO2)
were conducted in week 10 in both experiments. The | ;2200 1 2 Snmm ronmer| T
immunization carrier was changed to BSA and bogstin 35000 { Dornrs
with a lower dose of DRPVPY-BSA were not ggggg
successful (G1 experiment 1, week 12, Fig. 5). A 20000
booster injection with a 10-fold lower dose of 15000
DRPVPY-TT was tried in G3 experiment 2, week 10, 1(5)888 “

or half dose (G3-experiment 1, week 10); however, a 0+
secondary-like response (fast, strong and high I1gG
titers) was not observed at week 12 (Fig. 5 and 6). Weeks

End point titers

Heterologous boosting strategies: Priming with
DRPVPY-TT and boosting with CWPS-TT (G3 S B

experiment 1-Fig. 5) resulted in no titer increases 140000 | SEESREVEXTT
against GAS (Fig. 5-G3, week 6). Priming with CWPS- 120000 { &S5 CWPETT OAIDRPYPY-TTI) T
TT and boosting with DRPVPY-TT at a high (Fig. 5- 100000 - BG5TT (=2)
G2 experiment 1, week 6) and at a lower dose @ig. 80000
G3 experiment 2, week 10-12) or even using another 60000
carrier, BSA (Fig. 5-G2 experiment 1, week 10-12), oo |
although titers against GAS increased (Fig. 5-G2kve

8 and Fig.6-G3-week 8), did not have a responsk wit 0 2 4 6 8

ol
the characteristics of a secondary response . Weeks

End point titers

Specificity of the primary response to DRPVPY-TT:

Fig. 4: Immunogenicity of the peptide conjugatesitibodies titers

To investigate the epitope specificities of thei-ant (IgG) to DRPVPY. Experiment 1 (A), Experiment 2 (B)

DRPVPY polyclonal antibodies, competitive ELISA Plates were coated with DRPVPY-BSA (compound 4, Fi

inhibitions were performed. The antisera with higthe 2, 10pg/ml) as described in Materials and Methods

endpoint-titers, obtained at week 5 of mice from- G1

experiment 2, immunized once with DRPVPY-TT were S

used in these experiments. Titration experiments of w0 | LR PCTIOTR

antisera were performed for each experiment and the sa0o | 3 CEPVPI IR TILRVPY-TT

dilution used corresponded to aném ~1, after 20 g = D G5GAS

min. Heat-killed, pepsin-treated GroupS&keptococcus £ 2000

(GAS) was used as the solid-phase antigen. %1500 T 7
Competitive inhibition ELISA with CWPS and i 1000 i

CWPSv were performed with GAS bacteria as the 5°:ﬁ #Lﬁ JH R _iﬂr}

solid-phase antigen. Only the native CWPS inhibited To 2z 4 6 8 w0

the binding of the anti-DRPVPY polyclonal antiboslie Weeks

(IgG, Fig. 7 1), with greatest inhibitory activitf about

30% at a concentration of 23@ mL™. No inhibition = 1 DRPVPY-TT(CERPVPY-ESA

curve was obtained with the CWPSv under the same B Repripsdiicanraliy gl I

conditions. These data confirm the binding of thé-a oo oo ons Tl

peptide polyclonal antibodies with GAS and confirm § sn

that the GIcNAc moiety, the immunodominant sugsur, i £ o

a critical part of the GAS-CWPS epitope. & o0 i
Inhibition ELISA studies with DRPVPY, DRPVP i o T I; ]

and DRPVPY-BSA-conjugate as inhibitors of the I ] hi}ﬂ:ﬁi

binding of anti-DRPVPY polyclonal antibodies to GAS oz 4 & 8 W 1

bacteria showed that the DRPVPY-BSA conjugate was Weeks

the best inhibitor, reaching the maximum inhibitory

activity, about 70%, at a concentration of JGpmL™. Fig. 5: Cross-reactivity in Experiment 1: Anti-pifst antibodies

DRPVPY and DRPVP showed 35 and 27% binding to heat-killed, pepsin treated GrouBifeptococcus

o ] (GAS) bacteria as the solid-phase antigen in ELiS8e
inhibition, _reSpe_Ct'Vely and at the same Materials and Methods). IgM response (top) and IgG
concentration (Fig. 711). response (bottom)
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Fig. 6: Cross-reactivity in Experiment 2: Anti-pielg antibodies 0 ‘ ‘
binding to heat-killed, pepsin treated GroupSAeptococcus DRPVPY DRPVP DRPVPY-BSA
(GAS) bacteria as the solid-phase antigen in ELISAe o
Materials and Methods). IgM response (top) and IgG Inhibitor (100 pg/mi)

response (bottom)

Inhibition  ELISA  studies with  synthetic .

oligosaccharides corresponding to the CWPS
(compounds 6-8, Fig. 3) as inhibitors of the bindof
anti-peptide polyclonal antibodies to GAS bacteria,
showed a maximum inhibitory activity of about 4086,

a concentration of 250ug mL. There was no
significant difference between the activities of three
inhibitors: branched trisaccharide, pentasacchaaiu
hexasaccharide (Flg 7 |||). Pentasaccharide Branched Hexasaccharide

Finally, individual mouse sera from Gl1, Trisaccharide

experiment 2 (at week 5) were titrated against CWPS Inhibitor (250 pg/ml)
BSA-glycoconjugates, or BSA-peptide-conjugate as
antigens (Fig. 8). The antisera from the four mice
reacted best with the (hexasaccharige)-BSA

34
S

o

Now B
o o

% inhibition

[N
o

o

Fig. 7: Competitive inhibition ELISA using GAS bada as the
solid-phase antigen andfl) CWPS and CWPSv, (l)

(compound 13, Fig. 3), (hexasaccharid@pA DRPVPY (compound 2, Fig. 1), DRPVP and DRPVPY-BSA
(compound 12, Fig. 3), pentasaccharide-BSA (compound 4, Fig. 2) and (lll), Synthetic oligosaaddes
(compound 11, Fig. 3) and DRPVPY-BSA (compound corresponding to CWPS (compounds 6-8, Fig. 3) as

4, Fig. 2, data not shown); a weaker reaction, was inhibitors

observed with the CWPS-BSA (compound 9, Fig. 3)

and branched-trisaccharide-BSA (compound 10, FigA high secondary IgG response was observed at @reek
3), with serum from mouse number 2 reacting the(Fig. 9A). Mice primed with a low dose of CWPS-TT
weakest (Fig. 8). These results corroborate theltees (1 ug/mouse) responded with low titers to DRPVPY-
above on the cross-reactivity observed with theBSA, but with higher titers than those from control

polysaccharide and oligosaccharides. mice (100pg/mouse TT, Fig. 9A). Mice immunized

Cross-reactivity: Anti-polysaccharide (GAS and twice with CWPS-TT. (Zpg/mquse, weeks 0 and 4)
CWPS) antibodies bind to DRPVPY-BSA: Mice responded with IgG titers against DRPVPY-BSA after

immunized subcutaneously with heat-killed, pepsinPriming (weeks 2 and 4, Fig. 9B). However, no.
treated GAS (1x1Dbact. /mouse) at weeks 0 and 4, Secondary response was seen after subsequentrigoosti
responded with titers against DRPVPY-BSA. (weeks 6 and 8, Fig. 9B).
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0.1

DISCUSSION CWPS-BSA
The major impact of this study is the demonstratio £ g:
of the carbohydrate cross-reactivity of the anéser 8 o4 Y —e—mouse #4
elicited by immunization of mice with the synthetic K kﬁk ::zﬂzzzz
peptide DRPVPY linked to protein-carrier, a peptide g 02 N —e—mouse#1
2

that mimics carbohydrate epitopes of Biseptococcus ‘ ‘ :
Group A*. Thus, the DRPVPY-TT conjug&® when 1 100 10000 1000000 100000000
used in immunization of BALB/c mice elicited
antibodies whose specificity at different time psjras

Reciprocal dilution

probed by ELISA, was also directed against Branched-Trisaccharide-BSA
oligosaccharide epitopes.
The immunogenicity of the DRPVPY-conjugates 04 N
0.3 —e— mouse#4

was evident from primary and secondary antibody
responses (immunological memory) with high anti
DRPVPY titers, which increased after booster
immunizations (1gG) (Fig. 4 A-B). This result indies ‘ ‘ ‘
that the conjugates effectively promoted a strond a 1 100 10000 1000000 100000000
rapid thymus-dependent response to DRPVPY.
Furthermore and more remarkably, the results

—s— mouse#3
0.2

Sl B
0.1 —e— mouse#1

—

Absorbance 405 nm

Reciprocal dilution

demonstrate that the peptide DRPVPY can act as an Pentasaccharide-BSA
immunogenic mimic when attached to a carrier-protei

and can induce anti-carbohydrate antibodies. Titers o] .

against exposed polysaccharide on GAS bacteria were | 8 9¢1 \\ —— mouseri4
evident when a high dose of the peptide vaccine was | £ os "\ o
administered to mice (Fig. 5-6). A lower dose of4ID s 03 \.\\i —emouse#1
pg/mouse did not elicit high cross-reactive titedaté 2% : i — |

not shown). These anti-GAS titers, despite the tlaat ! 100 10000 1000000 100000000

they were much lower than those against peptideg we Reciprocal dilution

specific to carbohydrates. Antigenic cross-reatsi

between the peptide and CWPS-epitopes were Hexasaccharide-BSA
demonstrated by CWPS-specific inhibition of thei-ant o

peptide polyclonal antibodies binding to GAS baeter 06

with serum obtained after initial immunization (Fig). gj :Ezﬁzzzg

The role of the GIcNAc residue as the
immunodominant sug&f®" in the antibody response
was evident since CWPSy, lacking the GIcNAc moiety,
(compound 3, Fig. 1) was not able to inhibit theding
of the anti-peptide polyclonal to GAS (Fig. 71).&fact
that DRPVP was a poorer inhibitor than DRPVPY (Fig.
71) may suggest a role of the tyrosine moiety e t
antibody response; we had hypothesized previobsity t
the VPY turn conformation might be necessary for 16
effective  immunogenici§?*®;, experiments  with §\ e mouserd
antibodies of higher affinity will be essential far 08 ] = mouse#3
critical test of this hypothesis. The multivaleneffect 08 kﬁ_‘ o
was evident since the DRPVPY-BSA was able to cause 021
up to 70% of inhibition while DRPVPY caused only . 100 10000 1000000 100000000
about 35% inhibition (Fig. 711).

The presence of antibodies cross-reactive with
carbohydrate was further demonstrated by the reBcti  Fig.8:  Titration ELISA of anti-peptide polyclonaintibodies

0.3 —A— mouse#2
0.2 9 \ —e— mouse#1l
0.1

100 10000 1000000 100000000

Absorbance 405 nm

-

Reciprocal dilution

Hexasaccharide-sq-BSA

Absorbance 405 nm

Reciprocal dilution

observed in the titration ELISA. Titers against fale (IgG) using CWPS (compound 9, Fig. 3) and synthetic
antigens (compounds 9-13, Fig. 3) were observegl (Fi oligosaccharide-BSA conjugates (compounds 10-1§, Fi
8), although much lower than those against pep{t‘ide 3) as solid-phase antigens (see Materials and Msjho

shown). The sera reacted more weakly with the | . .

branched-trisaccharide conjugate and the stronge&figher  titers — were  observed  with  the
binding was with the pentasaccharide-BSA andhexasaccharidg}squarate-BSA conjugate, sharing the
(hexasaccharidgBSA. linker with the immunogen and having 16
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oligosaccharide units. This result indicates the
dominance in the polyclonal specificity of an exted
epitope, as observed eartdr The specificity of the 4500 1o
immune response for GAS oligosaccharides was ;‘gggi-GZ-ONPS-WM
corroborated by the inhibition observed with the w00 oo @
branched-trisaccharide (compound 7, Fig. 3), 2500
pentasaccharide (compound 6, Fig. 3) and 2000 -
hexasaccharide (compound 8, Fig. 3), although no 1500 !

significant difference in inhibition among the ibhbrs 1000
was observed (Fig. 7111). 5001 il & E@

The combined evidence leads us to conclude that N ) . s 8
() DRPVPY is an immunological mimic of CWPS, Weeks
since high titers of cross-reactive antibodies were
obtained by immunization of mice with DRPVPY-TT B
and (ii) the immune response is specific for theSGA 2500
oligosaccharide epitopes since the oligosacchasades
CWPS inhibit antibody binding to GAS.

However, a lack of secondary response (IgG)
cross-reactive with GAS bacteria was observed after
mice received a booster injection of DRPVPY-TT at
equal dose (G1 experiment 1 and G2 experiment 2,
respectively, in week 6-8, Fig. 5-6) or lower (G3
experiment 2, at week 12, Fig. 6). This lack opmse
may be the result of a carrier-induced suppression Weeks
effect, which can decrease the production of antige fig. o: Cross-reactivity. Anti-polysaccharide (GASd CWPS-TT)
specific antibodié¥®, so-called incomplete T-cell antibodies (IgG) binding to DRPVPY-BSA (compound 4,
dependeft’. While an increase in anti-DRPVPY titers Fig. 2) as the solid phase antigen; (A): Experimen(B):
after the booster injections was observed (Fig.GUA- Experiment 2
and 4B-G2, weeks 6-8), indicating the activation of
DRPVPY-specific memory cells overall, we suggest

that only a sub-population of these memory celegi : : . L
rise to (}:/arbohycllara?e cross-reactive antibogies \N&g peptide (MAP) system, which directs a specific inmau
response to a localized concentration of peptide

not effectively activated. These results may afieen : . :
4 y epitopes and avoids the use of carrier prot&lnsr an

competition between populations of memory cells touniversal 13 amino acid helper T-lymphocyte epitope
peptide and carrier epitopes, the latter beingebett AKXVAAWTLKAAA (Pan HLA-DR  Epitope,

represented due to the relative sizes of the mtdscu . ; .
This effect has been noted in similar immunizationPADRE).’ might Eﬁgse”t alternative strategies toesol
this carrier effedt®*2,

strategies wherein the size and dose of the carrie . ) . . .
g Mice vaccinated with heat-killed, pepsin treated

molecule overwhelm that of the hapten of intét&3t.
P iPAS bacteria three times responded, as expectdd, wi

Some strategies have been successful . "
minimizing the suppression effect. Thus, the chaoige & delayed response due to the low density of amitige
determinants, with IgM titers dominating the primar

carrier to a different protein, or use of smallegions . - ‘
of the same carrier, or use of T-cell peptide gmito €SPONse and higher IgG titers in the secondary

have been shown to remove epitopes that activate tfeSPonses (G5 experiment 1, Fig. 5). The boostectef
carrier-specific population of memory B-cells upon Was observed with repeated injections (G5 experimen
subsequent immunizatidi&®. In our case, attempts to 1 Fig. 5). Similarly, vaccination with low dosektbe
save the cross-reactive response were conducted @@njugate CWPS-TT (G4 experiment 2, Fig. 6)
week 10 in both experiments. First, by changing thdncreased IgM titers after priming and subsequelgy
immunization carrier to BSA and boosting with a éow titers after the booster injections (G4 experinrig.
dose of DRPVPY-BSA were not successful (G16). Itis also worth noting the differences in tineuse
experiment 1, week 12, Fig. 5). Alternatively, ddpae  responses obtained after immunizations with the two
in activation of hapten- and carrier-specific imraun experimental vaccines, DRPVPY-TT and CWPS-TT,
responses have been obtained through repeatéadicative of their different immunogenicities. The
immunization with different concentrations of tteve  DRPVPY-TT seemed able to induce a quicker and
immunogef*. In our hands, a booster injection with a stronger primary response with higher IgG titeranth
10-fold lower dose of DRPVPY-TT was tried in G3 the CWPS-TT, although a 50-fold higher dose/mouse
experiment 2, week 10, or half dose (G3-experinient was required, leading then to a carrier-suppression
week 10); however, a secondary-like respéfast, effect when a booster injection was given (Fig. 6).
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End point titers

O Preimmune
. @ G3-CWPS-TT (x1)
2000 B G4-CWPS-TT (x2)
0 G5-TT (x2)

End point titers

strong and high IgG titers) was not observed atkvige
(Fig. 6). In future work, the use of multiple argig
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The CWPS-TT elicited an expected response fohave been obtained. The primary response to the
polysaccharide-protein conjugate vacciftes peptide immunogen had high titers of mature antjbod
The existence of carbohydrate-peptide mimicryisotype, IgG, showing participation of both celluénd
was further demonstrated by the increase in Ig8stit humoral immune responses. The antibodies generated
to DRPVPY elicited by immunization with GAS (Fig. were cross-reactive with carbohydrate epitopes
9A). Immunization with CWPS-TT resulted in an displayed on GAS bacteria and this interaction was
increase in titers but no booster effect was oleskrv inhibited by CWPS and oligosaccharide fragments
(Fig. 9B). This behavior can be explained by aieair thereof, showing conclusively that the peptide
effect, in which anti-TT antibodies overwhelm thdia DRPVPY is an antigenic mimic of the GAS CWPS.
CWPS antibodies cross-reactive with peptide, prigbab Conversely, immunization with GAS displaying CWPS
a very small population within the anti-CWPS led to a cross-reactive response against DRPVPY.
antibodies. However, a long term, stable response against GAS,
It is relevant that one comment on the standardould not be maintained for groups immunized with
deviations. These are not unusually high for using DRPVPY-TT due to the carrier-suppression-effect.
mice/group. The results can be compared to those iRurther investigation of the effects resulting from

analogous studies. Thus, Beenhouweeral.'”! have
shown a similar distribution of anti-peptide titexs in
the present study, although standard deviations wet
shown and Fleuridoret al.®® and Maittaet al.'
obtained similar standard deviations for the aefije

boosting with different peptide-conjugates willdlig be
required for the design of effective anti-GAS vaed
based on mimetic-peptides.

Survival and challenge studies will be conducted
when an appropriate vaccine formulation is defined,

titers, although with lower titer values. The highe that is, one with a response that can be reliabbsted.
standard deviation observed for the anti-carbohgdra The present study was intended to serve as a prédud
titers derives from the fact that one mouse in eacllefine the parameters; the results obtained are of
control group did not respond, the other mice gjvin importance because they do show reliably that depti

very similar titers. Nevertheless, the overall dosions
of cross-reactivity are justified.

The facts (i) that repeated administration of the
same DRPVPY-TT experimental vaccine (homologous
boosting) did not lead to effective boosting of torad

carbohydrate cross-reactivity exists upon immumnizat
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responses, (ii) that DRPVPY is also an immunoldgicaNatural Sciences and Engineering Research Couhcil o
mimic of CWPS and (iii) that both experimental Canada.

vaccines DRPVPY-TT and CWPS-TT were available,
led us to circumvent the problem by trying two
heterologous boosting stratedfds This strategy has

been successfully applied for carbohydrate peptidd.

mimics and carbohydrates in

th&ryptococcus
neoformans systenf ..

The two strategies consisted of: (i) priming with 2.

DRPVPY-TT and boosting with CWPS-TT (G3
experiment 1-Fig. 5) or (ii) priming with CWPS-Thd

boosting with DRPVPY-TT (G2 experiment 1-Fig. 5 3.

and G3 experiment 2-Fig. 6). No titer increasesrsga

GAS were observed with the first strategy (Fig. 3G 4.

week 6). With the second strategy, boosting with
DRPVPY-TT at a high (Fig. 5-G2, week 6) and at a

lower dose (Fig. 6-G3, week 10-12) or even usingg

another carrier, BSA (Fig. 5-G2, week 10-12), alifjio
titers against GAS increased (Fig. 5-G2-week 8 and
Fig.6-G3-week 8), did not have a response with the
characteristics of a secondary response (fashg@ad
high IgG titers). This behavior can be explainedaas
cross-reactive late primary response to the peptide
supported by the increase in IgG titers to DRPVPY
(Fig. 4A-G2 and Fig. 4B-G3) observed in weeks 6 and
8, following boosting with DRPVPY-TT.

In conclusion, promising results from the study of 7.

the immunogenicity of a peptide-mimic of the Grolip
Sreptococcus (GAS) cell-wall polysaccharide (CWPS)
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