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A synthetic peptide (pep) representing a portion of the Plasmodim knowlesi circua- 
sporozoite protein attached to a tetanus toxoid (TT) carrier, has been shorn to be mmuiwenic 
&en delivered in saline with derivatives of the s$?&ic adj&nt, muranyl dipeptide (m): 

The present study was designed to determine if the degree of substitution of pep ad of tQP 
derivatives on the tetmus toxoid (TT) carrier, as well as the choice of tQP derivative used play 
a role in determining anti-pep and anti-l-T antibody levels. ti of the FDP derivatives used in 
the conjugates was E-anino-caproic fQr&utide, since f%r&utide rhich is currently in clinical 
trials cannot be conjugated. The results show that low doses of this derivative coupled with pep 
on lT can be used to stimulate high levels of circulating .&i-pep atibodies without augnenting 
the anti-carrier response. In addition, anti-pep antibodies elicited in response to one of the 
conjugates were biologically active since they produced shedding of the circunsporozoite coat of 
live parasites. 0 1985 Academic Press, Inc. 

In numerous aode systems, synthetic peptides are being used to elicit the production of 

antibodies tiich will cross react with the native intact protein (l-5) ti in sane cases protect 

against infectious challenge (l-3, 5). These conpounds are generally ahiinistered to laboratory 

animals in canplete Freund's adjuvant (CFA), an agent unaccept&le for use in hunans due to its 

unwanted side effects. Analogs of f&!&L-Ala-D-iscGln, muranyl dipeptide (MDP), the smallest 

adjuvant active component of CFA, but devoid of many of its side effects (6, 7) have been 

successfully used in several synthetic vaccine models to overcon? the aljuvant problem (1, 8-10). 
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Murabutide (NAcMur-L-Ala-O-Glnu-n-butyl-ester), a clinically acceptable W analog (ll), kkn 

given in saline with a synthetic malarial peptide (representirg the imnuncduninant epitope of the 

Plasmodiun knowlesi circunsporozoite protein) stimulated high levels of circulating anti-peptide 

antibodies &ich elicited shedding of the circunsporozoite ptein (CSP) (12). 

Peptides are weakly imnu?ogenic unless coupled to a carrier molecule. In the malaria model 

as well as in others, various approaches have been used to decrease the need for a carrier, 

including polynerizaticn of peptides (5, 9), or copolynerizaticn of peptide and W (13). In me 

cases, peptides have been conjugated to molecules Which can act as carriers but do not themselves 

stimulate an antibody response (2, 14). An alternative approach has been tested in the present 

study : conjugation on the sane carrier of both the synthetic malarial peptide and the adjuvant 

at different substitution ratios. In addition, two synthetic Mop derivatives differing in hydro- 

phcbicity ore used because of the importance for an antigen of this property in eliciting 

antibody responses (14, 15). One of the derivative was E-amino-caproic Murabutide since 

f%rabutide rhich is currently in clinical trials cannot be conjugated. The effect of these 

variations on the anti-carrier and anti-peptide responses, as ~11 as on the abilityofthe 

anti-peptide antibodies to mediate shedding of the CSP of live prasites was tested. 

Construction of kimuiogens 

The identification and chemical synthesis of the imntnodaninint epitope of the Pknowlesi 
circunsparozoite protein, has been previously described (16) ad in greater detail (17). 
studies an malogous peptide containing the 24 anino acids present in the natural sequence and 
twp additional anino acids (atyrosine at the N-terminal end ti a cystine at the C-terminal end) 
was used. Varying anotnts of the peptide ti either MIP-lysine (18) or E-amino-cap-oic Wabutide 
(19) m cross-linked to tetanus toxin (TT) using glutaraldehyde (20). 

For conjugates A and D, 2.35 mg tetanus toxin, 3.75 IKJ malarial peptide and 2 mg MDP were 
used. Conjugates 6 and E contained 2.35 mg TT, 7.5 mg pep and lrng MY. Gmjugates C and F 
contained 11.7 mg ll, 18.75 mg pep ti 2.5 mg W. Pep-TT was made by cross-linking 9.4 mg pep 
with 5.9mg tetanus toxin. The toxin was used as a carrier since it has more reactive groups than 
the toxoid. Protein content in each conjugate was measured by Folin reaction at-d KllJ content by a 
caloric method (21). The resultzat corljugates are listed in Table 1. Cc@ete detoxification by 
glutsaldehyde treatment of each product was controlled in mice before use. 

Study of imnunogenicity 

The irnnunogenicity of the canpotis was tested using groups of six adult female 64LB/c mice 
(Institut Pasteur, Rennenoulin, France) according to protocols described in the Results section. 

Sera from animals in each group were pooled and tested for total Anti-paptide and anti- 
tetanus toxoid antibodies by ELI’S as previously described (2). Recogrlition of the native protein 
by anti-peptide tiibodies was assessed by radioimnuioassay (RIA) using sporozoite extract (SPZ) 
fixed to plastic plates (SPZ) (22), ad zn indirect fluorescence antibody test (IFA) (23, 24). 
The circunsporozoite protein reaction (CSP) (22, 25) was used to test the biologic activity of 
anti-pep mitibodies. 
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Table 1. List of conjugates 

Conjugates containing 
MDP-Lys c-anino-capmic hrhtide 

A 8 C D E F 

NH2 eq. (l-T : pep : xlj) 1:1:2 1:2:1 1:1:0.5 1:1:2 1:2:1 1:1:0.5 
Wjuvrnt used (pghuse) 1 0.6 0.3 1 0.6 0.3 

In all experiments 50 pg of ead7 conjugate w-e adninistered stiutaneously. 

Antibody production in vitro 

Spleen cells were asceptically removed, washed at-d suspended at a concentration of lo7 
cells/ml in RPM1 1640 (Sercmsd) containing 2 g/l N&CO3, 2 ti glutanine, 100 uiits/ml penicillin, 
100 pg/ml streptomycin, 5 % fetal calf serun, and 2 x 10-5i4 2-marcaptoethznol. 100 pl aliquots 
were placed in each well of 96 well tissue culture plates (Costar). 20 ul of TT or pep-TT at 
0.1 ug/ml was added to each well and the final volume was austed to 0.2 ml. Control wells 
received IY) mtigen. Plates were incubated in 10 % Co;1, 90 % 02 at 37°C. At four days, the plates 
were washed to renove the antigen. Six days later the supernatants were collected and tested for 
zmtibodybyELIS4. 

RESULTS 

In vivo antibody responses to conjugates with different slrbstitution ratios of pep, lT a4 

MF-lysine 

Animals received on days 1 and 30, 50 ug of either conjugate A, B, or C. TW control groups 

received 50 ug of pep-lT alone or mixed with 100 ug of MIP-lys on day 1. Both groups were boosted 

by pep-TT alone. Animals were bled on days 28 and 35. The results (Table 2) show that mice 

imnrnized with the conjugate containing the most peptide had the highest anti-pep response. 

Increasing the amount of adjuvant from 0.3 ug to 1 pg did not result in a higher ?nti-pep 

Tale 2. Effect on anti-peptide ti anti-carrier responses of different stistitution ratios 
of malaria peptide, and W-lysine on tetanus toxoid 

NH;! equivalents Da3 D35 
Conjugate Q-cup 

ll:pep:lW-1y;ine &i-pep &i-ll Hi-pep anti-ll 

1 pep-ll+ saline 3.17 1.5 4.32 1.19 
2 pep-ll+ W-lysine 5.3 1.3 1;:: .92 

A 

F : 5 

:l: 2 

: 1 : :2: 1 : 0.5 1 ii 10.8 

13 6 

4.48 3.8 22 9 3.11 1.42 

Titers are expressed as inverse of the dilution of serum giving an O.D. in ELISA of 
2x background x ldr. 
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response but favored a strong anti-ll respcnse. All groups treated with conjugates containing 

MDP-lysine had higher anti-pep and anti-TT titers than mice which received a pep-l-T (1:l) 

conjugate either mixed with 100 pg NIP-lysine or given without adjwant. 

In vivo mtibody responses to conjugates containing %nino-caproic Murabutide 

Groups of 6 mice received 50 pg of conjugates on day 1 and day 25. Control groups received 

the conjugate pepTT (50 pg) in saline alone or mixed with 100 pg of Murabutide on day 1. Both 

groups received the antigen alone on day 25. Animals were bled on days 14, 32 and 123. 

Representative results from one out of two experiments are shown in Table 3. All groups 

receiving adjwant, either mixed with or conjugated to pepTT, had high anti-peptide primary and 

secondsy responses although conjugates D-F ccntained only 1 pg, 0.6 ug, and 0.3 pg of adjuvant 

per 50 pg of conjugate respectively. These levels of anti-peptide antibodies ware carpardle to 

those obtained by using 100 pg of the adjuvant mixed to 50 ug of the pep-ll conjugate. A sharp 

contrast between groups was seen in the anti-carrier response. Animals receiving the canit-+ 

caproic Nrabutide-peplT conjugate had renark&ly low anti-TT titers (< 400 to 1400 for the 

primary and 10,000 to 50,ooO for the secondary) rhile those receiving pep-l-T mixed with the 

adjutant had 8-4Otimes higher anti-carrier titers. The difference in anti-carrier responses 

between groups l-2 and 3-5 was even more praiou~ed after the boost, and ahiinistration of pep-l-T 

in saline, dramatically favored anti-TT tiibody production. This phemmeron could be observed as 

late as d123. 

In vitro antibody production by spleen cells from mice primed with pep-TTsanino-caproic 

Kur&utide conjugate 

Due to the strinkingly low levels of circulating Hi-lT antibodies in mice treated with 

conjugates containing Murabu-tide, the ability of spleen cells fran mice of group 5 to produce 

Table 3. Effect on anti-Peptide ad mti-c=m-ier responses of different substitution ratios 
of malaria wptide md E-?minO-CaprOiC hrhtide on tetanus toxoid 

NH2 equivalents D 14 D32 D 123 
Conjtgate Group 

lT:pep:adjwmt pep l-r pep l-T pep TT 

1 pepTT in saline 0.28 1.22 1.06 24.6 4.60 
2 pep-Tf + tihutide O.fB 1.66 29.8 39.7 1::; 7.40 

D 3 1:l: 2 0.83 co.04 19.6 1.15 9.30 0.160 
E 4 : : 1 

i i 0.5 
1.15 <o&4 14.5 2.55 10.5 0.340 

F 5 1.00 0.14 8.85 5.70 7.46 0.83 

Titers are expressed as inverse of the dilution of sewn giving a? 0.0. in ELISA of 
2x bxkgromd xldr. 
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T&le 4. Production of biologically active artikdies by E-snino-cmic h-&tide mixed 
or conjugated to malaria peptide tetanus toxoid conjugate 

Q-QUP 

NH2 equivalents 

ll:peptide:djuvant 

ELM 

anti-pep anti-ll 

RIA 
IFA CSP 

PZ 

1 pepTT in saline 10,6cJJ 246,030 320 2,500 <5 

: T-” + Flrrabutide 
298,aYJ 397,aN 20,am 20,ooo 10 

: 1 : 2 l%,aN 11,500 2,500 41,m 
4 : : 2 : 1 145,m 25,500 1,280 10,aJl <: 
5 : 1 : 0.5 88,500 57,am 2,500 5,m <5 

anti-l-T antibodies in vitro follawing stimulation with pep-l-T or free ll was tested as canpared 

with mice of groups 1 and 2. ELI% on undiluted supematints fron these cultures show that spleen 

cells frun group 5 stimulated by the conjugate made only anti-pep antibodies (CU > 2), &areas no 

anti-l-T mtibodies were detected if these cells were stimulated either by the conjugate or by lT. 

In contrast, cells frun mice of group 2 made XI anti-peptide response (OD 1.35) but also strong 

anti-TT response (OD > 2). Cells of mice of group lvhich were imnunized with pep-l-T in &ence 

of adjw?nt maje no detectable anti-peptide antibodies although they could respond to TT 

(OD > 2). These results further denmstrate that coupling low doses of E-anino-caproic FDP to 

pepTT results in less effective priming to the TT carrier than does mixing the adjuvant with 

antigen. 

Biological activity of anti-pep antibodies 

Day 32 sera frcm all groups of the experiamt described (Table 3) We tested for reactivity 

with the natural circunsporozoite protein by RIA and by IFA. In view of evaluating whether 

antibodies which recognize the parasite coatqotein can also elicit shedding of the circun- 

sporozoite protein of live parasites their biologic activity, as measured by CSP, was also 

tested. The results are showi in Table 4. Although titers of sera frun all groups ware elevated 

over saline controls, sera fmn mice treated with pepTTmixed with adjwant exhibited by f* the 

best reactivity with a sporozoite extract as measured by RIA. This group also had high IFA md 

CSP titers. HIMW, for both IFA ?md CSP, sera frun animals treated with conjugate D had the 

highest titers. 

DISCUSSION 

These experiments denxlstrate thatthedqree of substitution of awanton cmrier as well 

as -t-ties of the adjuvant itself cm greatly influence the antibody response to both the 
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peptide and the carrier. These factors can also affect the degree to &ich anti-pap antibodies 

recognize the native protein. Thus, when hydrophilic MDP-lysine was used as adjuvant, both 

circulating anti-pep and &i-l-T levels were high even tien low doses of adjuvant were coupled to 

pep-TT. Within the conjugate-treated groups, the anti-pep response was highest in animals 

receiving the conjugate containing the most peptide. Increasing the quantityofK&Lys with 

respect to peptide resulted in elevated anti-carrier responses. k&i E-amino-caproic Murabutide 

was used sera fran mice treated with the conjugate containing 1 ug of adjuvant had the highest 

titers of antibodies recognizing the peptide and the native protein. They also elicited the best 

CSP reaction, a reaction \hhich has been shm to correlate well with degree of protection in mice 

and monkeys (25). Thus, 1~ doses (lug/50 ug conjugate) of E-amino-caproic Murabutide, when 

coupled directly to pep-TT, seem &le to p-educe more protective antibodies thm peplTmixed 

with 100 ug of the sane adjuvant or of NIP-lysine (unpblished observations). 

Sera from mice treated with the conjugates containing the Murabutide had markedly lower 

titers of anti-l-T antibodies than those fran animals receiving peplT. The reduced anti-carrier 

secondary response in vivo ti in vitro of animals treated with Ganino-caproic pepTT conjugate - - 

may be a result of changes in antigenicity of the ll-carrier due to confonnational rnxiifications 

or to the creation of new epitopes occurring during the cross-linking of peptide and adjuvant on 

carrier. A second possibility is that use of the snphiphilic adjuvant mayreducethe imnmo- 

genicity of TT by making sane determinants inaccessible to the iminme system during the in vivo 

priming process. 

In conclusion, by varying the degree of s&tit&ion of pep and adjuvrnt on ll as well as 

the chemical structure of the adjuvant conjugates containing low doses of adjuvant have been 

obtained tiich can elicit high titers of anti-peptide antibodies and 1~ anti-carrier titers. The 

results indicate that one of the conjugates containing -anino-caproic Murabutide may be used 

effectively to stimulate production of protective anti-sporozoite antibodies. Since this 

conjugate was ainistered in saline ad contained a derivative of Murdutide it may represent a 

suitable clinical model for a Platiiun falciparun peptide. 

fQr&utide, PUP-Lys and E-anino-caproic Mur&t.ide have been generously provided by Drs. 
Pierre Lefrmier ad Jein Choay (Institut Choay, Paris, Frme). 

The authors wish to think D-s.. Ruth and Victor Nussenzweig for fruitful discussions while 
performing this work and preparing the manuscript. 
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