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VR2, located on loop 1 and loop 4, respectively (5).
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To increase the humoral immune response against
wo cyclic synthetic peptides, derived from variable
egions within the outer membrane meningococcal
rotein PorA (subtypes 19 and 15), we conjugated the
eptides to P64k, a novel carrier protein from the
ame bacterium expressed in Escherichia coli. In ad-
ition, one of these peptides was restricted to a linear
onformation before it was chemically coupled to the
arrier. The conjugates were administered to mice in a
hree-dose immunization schedule, resulting in a po-
ent anti-peptide immune response, which suggested
hat chemical conjugation to this carrier provided
-cell help. Antisera directed to the three conjugates
eacted with Neisseria meningitidis outer membrane
orA upon immunoblot analysis. Moreover, in two out
f three conjugates, the anti-peptide sera reacted with
ative meningococcal outer membrane vesicles in
LISA. © 2000 Academic Press

Key Words: PorA; P64k; meningococci; cyclic pep-
ide; conjugated peptide; carrier protein.

Peptide vaccines can provide an effective vaccine by
ocusing the host’s immune response on epitopes
nown to play a role in protective immunity (1). Among
he major outer membrane proteins of Neisseria men-
ngitidis, the porin PorA has been considered as an
mportant vaccine candidate. Murine antibodies
gainst it have been effective in generating a protective
esponse in an infant rat infection model (2). Moreover,
correlation between the bactericidal activity of hu-
an immune sera and the levels of PorA-specific anti-

ody titers has been reported (3). A two-dimensional
odel of PorA protein predicts the presence of eight

ell surface-exposed loops in the protein (4). The se-
uence variation in the genes (porA) encoding this an-
igen in a number of reference strains was found to be
argely confined to two regions designated VR1 and

1 To whom correspondence should be addressed. Fax: 53-7-214764.
-mail: sonia.gonzalez@cigb.edu.cu.
51
aving into account that certain epitopes on its vari-
ble regions seem to be the target of protective anti-
odies, synthetic peptides derived from the sequence of
orA protein (subtypes 16a and 16b) have been as-
ayed as candidate antigens (6, 7).
CU 385 represents the main wave of strains respon-

ible for meningococcal meningitis in Cuba in the last
5 years. In a previous work, two cyclic peptides, de-
ived from VR1 (Garay, H. E., unpublished result) and
R2 (8) of the PorA protein expressed by this strain,
ere synthesized and tested as immunogens in Balb/c
ice, eliciting antibodies with a moderated functional

ctivity. In the present study, we conjugated these
eptides to P64k, a novel carrier protein from the same
acterium expressed in Escherichia coli (9), and inves-
igated the immunogenicity of the conjugates in mice.

ATERIALS AND METHODS

Bacterial strain and growth conditions. Neisseria meningitidis
train CU385 (B:4:P1.19,15) has been described previously (10). The
train was grown on brain–heart infusion agar at 37°C for 18 h in an
tmosphere of 5% (v/v) CO2.

Outer membrane vesicles. Outer membrane vesicles (OMV) were
repared by extraction of whole meningococci with lithium acetate as
escribed elsewhere (11).

Synthetic peptides. The following peptides derived from the sur-
ace loop 1 (variable region 1) and loop 4 (variable region 2) of PorA
uter membrane protein from the Neisseria meningitidis strain
U385 were used in this study: VR1, cyclic-CNFQLQLTEP-
SKSQPQVKVTKC; VR2, cyclic-CPIQNSKSAYTPAHYTRQNNAD-
FVPAVVGKPGSC; VR2L, S-carboxymethylated-CPIQNSKSAYTP-
HYTRQNNADVFVPAVVGKPGSC.
Solid-phase peptide synthesis was carried out manually using the
oc/Bzl chemistry as described formerly (8). The reduced peptides
ere cyclized with 20% dimethyl sulfoxide in water (12). The
-carboxymethylation was accomplished as reported previously (13).
he cyclic and S-carboxymethylated peptides were purified by
eversed-phase HPLC and characterized by mass spectrometry.

Conjugation and conjugate characterization. Recombinant P64k
rotein was obtained as described earlier (9). The peptides were
onjugated to this carrier protein by the glutaraldehyde method, as
reviously described (14). After coupling, protein concentration was
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



determined using Lowry9s method (15) and peptide–protein conju-
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ates were examined by sodium dodecyl sulfate–polyacrylamide gel
lectrophoresis (SDS–PAGE) (16). Additionally, the conjugates were
nalyzed by Immunoblot (17). The nitrocellulose membranes were
robed with either a PorA subtype 19- or a PorA subtype 15-specific
onoclonal antibody (Mab), depending on the peptide (18; Nazábal,
., unpublished result).

Immunizations. Female Balb/c mice (H-2d) of 8–10 weeks of age
ere immunized. Ten micrograms of either conjugate, free peptide or
64k were diluted in phosphate-buffered saline (PBS), emulsified
ith Complete Freund’s Adjuvant, and subcutaneously (s.c.) admin-

stered to mice (n 5 8) divided in seven experimental groups. Ani-
als received two more doses of conjugate, carrier or peptide, emul-

ified in Incomplete Freund’s Adjuvant at 2-week intervals. Serum
amples were obtained from mice at days 0, 14, 28, and 42.

ELISA. Antibody levels in sera were determined by Enzyme
inked Immunosorbent Assay (ELISA). To detect anti-peptide anti-
odies, 96-well plates (High Binding, Costar, USA) were coated with
00 ml/well of corresponding peptide (20 mg/ml) in carbonate buffer
0.05 M Na2CO3, pH 9.6). Bovine serum albumin (2%) was used as a
locking reagent. Plates were processed as published elsewhere (19).
ll sera were analyzed in duplicate. Serum anti-peptide antibody

evels were expressed as their absorbance (492 nm) values in ELISA
nd used for statistical analysis. The presence of anti-native PorA
ntibodies in sera was determined by a similar procedure, using
lates coated with 10 mg/ml of OMV prepared from strain CU385.

Analysis of anti-peptide sera by immunoblot. Meningococcal
MV (10 mg/lane) were separated by SDS–PAGE and transferred to
nitrocellulose membrane. After blocking with skim milk powder

5%) in PBS, the lanes were separated and incubated with either
arrier-specific antisera or antisera elicited against conjugated pep-
ide (pooled antisera diluted 1/500). This procedure was followed as
reviously described (17).

Statistical methods. Statistically significant differences for anti-
eptide antibody levels were assessed by Kruskal–Wallis test, fol-
owed by Dunne’s Multiple Comparison Test. The significance of
ifferences in anti-native PorA antibody levels was determined by
NOVA and Newman–Keuls Multiple Comparison Test. A P value of
0.05 was considered statistically significant. In the figures, bars

epresent the mean of antibody levels 6 the standard deviation for
ach experimental group.

FIG. 1. Immunoblots showing recognition of meningococcal
orA-derived peptides conjugated to P64k by PorA-specific antibod-

es. (A) VR1 peptide; (B) VR2 peptide; (C) VR2L peptide. In each
anel: lane 1, P64k (2 mg); lane 2, peptide conjugated to P64k (3 mg);
ane 3, OMV from meningococcal strain CU385 (10 mg).
52
ESULTS AND DISCUSSION

Previously, cyclic peptides corresponding to VR1 and
R2 regions of the meningococcal PorA protein have
een designed and employed as candidate antigens
ith good results (7, 20). These reports reinforced the
ecessity of mimicking the PorA protein surface loop
hen designing new synthetic immunogens. Accord-

ngly, two cyclic peptides derived from the loop 1 (Ga-
ay, H. E., unpublished result) and loop 4 (8) sequences
f the meningococcal strain CU385 were designed and
ssayed as antigens in mice. Both peptides produced a
umoral immune response when they were adminis-
ered to Balb/c mice, but the functional activity of the
ntibodies was moderated.
In the present work, we linked such peptides to

64k. In addition, for comparison, one of them was
-carboxymethylated and conjugated to the same car-
ier in a parallel coupling reaction. Figure 1 shows the
ecognition of the resulting conjugates by either P1.19-
r P1.15-specific Mabs in immunoblot. This procedure
ndicated similarity in the electrophoretic pattern of
he three conjugates.

P64k, the conjugates and the uncoupled peptides
ere administered to mice in a three-dose schedule.
igure 2 resumes the anti-peptide antibody levels

ound in murine sera, after three doses of coupled and
ncoupled peptide. Each serum was tested in duplicate

n ELISA, using the immunizing peptide as the coating
ntigen. As it can be seen, the immunogenicity of the
eptides was greatly increased after their conjugation
o P64k. In all cases, there was statistically significant
ifference between the group immunized with conju-
ate and the group that received free homologous pep-
ide. When the anti-conjugated peptide antisera were
itrated in ELISA by serial twofold dilution we found
hat anti-peptide titers were higher than 25,600 (data
ot shown). The antibody levels against all peptides

FIG. 2. Anti-peptide antibody levels. Mice (n 5 8) were s.c.
mmunized with three doses (10 mg/dose) of free VR1, VR2, VR2L or
he same amount of the respective P64k conjugate. Antibody levels
n sera were measured against the homologous peptide and are
xpressed as their absorbance (492 nm) values in ELISA (serum
ilution 1:100).



remained negligible, even after three doses of antigen,
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or the animals immunized with the carrier protein
lone (data not shown).
The increased immunogenicity observed for the con-

ugated peptides is in agreement with previous reports
7, 20), where high levels of anti-peptide antibodies
ere obtained against PorA-derived peptides conju-
ated to traditional protein carriers, like tetanus tox-
id and keyhole limpet hemocyanin. However, we have
oupled these peptides to the P64k protein, a menin-
ococcal antigen expressed in E. coli by recombinant
NA technology. We have recently reported that P64k

s a suitable protein carrier for weak immunogens (21).
he P64k-containing conjugates could prime the host

or a specific meningococcal T-cell memory response, by
mploying a carrier protein derived from the same
acterium.
The specificity of reactivity of all anti-conjugated

eptide antisera was determined by Immunoblot
gainst OMV extracted from strain CU385. As it can be
een in Fig. 3, all the conjugates elicited a PorA-specific
esponse upon immunization. As expected, the P64k-
pecific antisera (lane 1) did not recognize the porin
resent in meningococcal membranes and only reacted
ith a weak band corresponding to the homologous
rotein present in meningococci.
Polyclonal antisera raised against synthetic peptides
ay contain antibodies directed to several conforma-

ions of the peptide, most of them unfolded, weakly
eacting or failing to react with the native protein (22).
igure 4 shows the extent of reactivity of all antisera
ith intact meningococcal outer membranes in ELISA.
s coating antigen, OMV prepared from strain CU385
ere employed. It can be observed that antisera pro-
uced against VR1-P64k reacted with OMV, in ELISA,
n a similar magnitude to antisera elicited against the
arrier protein P64k. It indicates that this conjugate
nduced antibodies that predominantly recognized the
orA protein in an unfolded conformation, as antibod-

FIG. 3. Immunoblots of antisera obtained by immunization with
ynthetic peptides conjugated to P64k. Sera were raised against
64k (lane 1), VR1-P64k (lane 2), VR2-P64k (lane 3) and VR2L-P64k

lane 4) and were tested against OMV extracted from strain CU385.
ane 5, murine monoclonal antibody specific to meningococcal PorA

subtype 15), as a positive control.
53
es against it did recognized the membranes in Immu-
oblot.
Both conjugates prepared from peptides derived

rom loop 4 (VR2 and VR2L) induced anti-native PorA
ntibodies. There was no statistically significant differ-
nce in the anti-PorA protein antibody levels elicited
y both conjugated peptides. It suggests that both an-
isera contain antibodies directed to conformational
pitopes within the PorA protein. Our results are en-
ouraging, considering that previous studies revealed
hat even when almost all PorA-derived conjugated
eptides evoked an anti-peptide titer, only a few were
ble to raise a significant anti-native PorA antibody
esponse (7).
The difference found by us in the ability of loop 1-

nd loop 4-derived peptides to induce an anti-native
rotein antibody response might be attributable to the
eptide length. VR1 peptide only comprises the apex
mino acids of loop 1, whereas VR2 and VR2L include
he full sequence of loop 4.

In summary, we report here that P64k can be an
fficient carrier protein for PorA-derived peptides (in
ither cyclic or linear conformation). Chemical conju-
ation to this carrier granted T-cell help to these syn-
hetic peptides, did not affect their folding and allowed
hem to induce a PorA-specific immune response.
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8. Garay, H. E., Niebla, O., González, L. J., Menéndez, T., Cruz,
L. J., and Reyes, O. (2000) Disulfide bond polymerization of a
cyclic peptide derived from the surface loop 4 of class 1 OMP of
Neisseria meningitidis. Lett. Peptide Sci. 7, 97–105.

9. Guillén, G., Alvarez, A., Silva, R., Morera, V., González, S.,
Musacchio, A., Besada, V., Coizeau, E., Caballero, E., Nazábal,
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