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To increase the humoral immune response against
two cyclic synthetic peptides, derived from variable
regions within the outer membrane meningococcal
protein PorA (subtypes 19 and 15), we conjugated the
peptides to P64k, a novel carrier protein from the
same bacterium expressed in Escherichia coli. In ad-
dition, one of these peptides was restricted to a linear
conformation before it was chemically coupled to the
carrier. The conjugates were administered to mice in a
three-dose immunization schedule, resulting in a po-
tent anti-peptide immune response, which suggested
that chemical conjugation to this carrier provided
T-cell help. Antisera directed to the three conjugates
reacted with Neisseria meningitidis outer membrane
PorA upon immunoblot analysis. Moreover, in two out
of three conjugates, the anti-peptide sera reacted with
native meningococcal outer membrane vesicles in
ELISA. © 2000 Academic Press
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Peptide vaccines can provide an effective vaccine by
focusing the host's immune response on epitopes
known to play a role in protective immunity (1). Among
the major outer membrane proteins of Neisseria men-
ingitidis, the porin PorA has been considered as an
important vaccine candidate. Murine antibodies
against it have been effective in generating a protective
response in an infant rat infection model (2). Moreover,
a correlation between the bactericidal activity of hu-
man immune sera and the levels of PorA-specific anti-
body titers has been reported (3). A two-dimensional
model of PorA protein predicts the presence of eight
cell surface-exposed loops in the protein (4). The se-
guence variation in the genes (porA) encoding this an-
tigen in a number of reference strains was found to be
largely confined to two regions designated VR1 and
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VR2, located on loop 1 and loop 4, respectively (5).
Having into account that certain epitopes on its vari-
able regions seem to be the target of protective anti-
bodies, synthetic peptides derived from the sequence of
PorA protein (subtypes 16a and 16b) have been as-
sayed as candidate antigens (6, 7).

CU 385 represents the main wave of strains respon-
sible for meningococcal meningitis in Cuba in the last
15 years. In a previous work, two cyclic peptides, de-
rived from VR1 (Garay, H. E., unpublished result) and
VR2 (8) of the PorA protein expressed by this strain,
were synthesized and tested as immunogens in Balb/c
mice, eliciting antibodies with a moderated functional
activity. In the present study, we conjugated these
peptides to P64k, a novel carrier protein from the same
bacterium expressed in Escherichia coli (9), and inves-
tigated the immunogenicity of the conjugates in mice.

MATERIALS AND METHODS

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

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

Synthetic peptides. The following peptides derived from the sur-
face loop 1 (variable region 1) and loop 4 (variable region 2) of PorA
outer membrane protein from the Neisseria meningitidis strain
CU385 were used in this study: VR1, cyclic-CNFQLQLTEP-
PSKSQPQVKVTKC; VR2, cyclic-CPIQNSKSAYTPAHYTRQNNAD-
VFVPAVVGKPGSC; VR2, S-carboxymethylated-CPIQNSKSAYTP-
AHYTRQNNADVFVPAVVGKPGSC.

Solid-phase peptide synthesis was carried out manually using the
Boc/Bzl chemistry as described formerly (8). The reduced peptides
were cyclized with 20% dimethyl sulfoxide in water (12). The
S-carboxymethylation was accomplished as reported previously (13).
The cyclic and S-carboxymethylated peptides were purified by
reversed-phase HPLC and characterized by mass spectrometry.

Conjugation and conjugate characterization. Recombinant P64k
protein was obtained as described earlier (9). The peptides were
conjugated to this carrier protein by the glutaraldehyde method, as
previously described (14). After coupling, protein concentration was
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determined using Lowry’s method (15) and peptide—protein conju-
gates were examined by sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—-PAGE) (16). Additionally, the conjugates were
analyzed by Immunoblot (17). The nitrocellulose membranes were
probed with either a PorA subtype 19- or a PorA subtype 15-specific
monoclonal antibody (Mab), depending on the peptide (18; Nazéabal,
C., unpublished result).

Immunizations. Female Balb/c mice (H-2%) of 8—10 weeks of age
were immunized. Ten micrograms of either conjugate, free peptide or
P64k were diluted in phosphate-buffered saline (PBS), emulsified
with Complete Freund's Adjuvant, and subcutaneously (s.c.) admin-
istered to mice (n = 8) divided in seven experimental groups. Ani-
mals received two more doses of conjugate, carrier or peptide, emul-
sified in Incomplete Freund's Adjuvant at 2-week intervals. Serum
samples were obtained from mice at days 0, 14, 28, and 42.

ELISA. Antibody levels in sera were determined by Enzyme
Linked Immunosorbent Assay (ELISA). To detect anti-peptide anti-
bodies, 96-well plates (High Binding, Costar, USA) were coated with
100 wl/well of corresponding peptide (20 pg/ml) in carbonate buffer
(0.05 M Na,COs, pH 9.6). Bovine serum albumin (2%) was used as a
blocking reagent. Plates were processed as published elsewhere (19).
All sera were analyzed in duplicate. Serum anti-peptide antibody
levels were expressed as their absorbance (492 nm) values in ELISA
and used for statistical analysis. The presence of anti-native PorA
antibodies in sera was determined by a similar procedure, using
plates coated with 10 png/ml of OMV prepared from strain CU385.

Analysis of anti-peptide sera by immunoblot. Meningococcal
OMV (10 pg/lane) were separated by SDS—-PAGE and transferred to
a nitrocellulose membrane. After blocking with skim milk powder
(5%) in PBS, the lanes were separated and incubated with either
carrier-specific antisera or antisera elicited against conjugated pep-
tide (pooled antisera diluted 1/500). This procedure was followed as
previously described (17).

Statistical methods. Statistically significant differences for anti-
peptide antibody levels were assessed by Kruskal-Wallis test, fol-
lowed by Dunne’s Multiple Comparison Test. The significance of
differences in anti-native PorA antibody levels was determined by
ANOVA and Newman-Keuls Multiple Comparison Test. A P value of
<0.05 was considered statistically significant. In the figures, bars
represent the mean of antibody levels = the standard deviation for
each experimental group.
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FIG. 1. Immunoblots showing recognition of meningococcal

PorA-derived peptides conjugated to P64k by PorA-specific antibod-
ies. (A) VR1 peptide; (B) VR2 peptide; (C) VR2_ peptide. In each
panel: lane 1, P64k (2 ng); lane 2, peptide conjugated to P64k (3 n.g);
lane 3, OMV from meningococcal strain CU385 (10 ug).
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FIG. 2. Anti-peptide antibody levels. Mice (n 8) were s.c.
immunized with three doses (10 ng/dose) of free VR1, VR2, VR2, or
the same amount of the respective P64k conjugate. Antibody levels
in sera were measured against the homologous peptide and are
expressed as their absorbance (492 nm) values in ELISA (serum
dilution 1:100).

RESULTS AND DISCUSSION

Previously, cyclic peptides corresponding to VR1 and
VR2 regions of the meningococcal PorA protein have
been designed and employed as candidate antigens
with good results (7, 20). These reports reinforced the
necessity of mimicking the PorA protein surface loop
when designing new synthetic immunogens. Accord-
ingly, two cyclic peptides derived from the loop 1 (Ga-
ray, H. E., unpublished result) and loop 4 (8) sequences
of the meningococcal strain CU385 were designed and
assayed as antigens in mice. Both peptides produced a
humoral immune response when they were adminis-
tered to Balb/c mice, but the functional activity of the
antibodies was moderated.

In the present work, we linked such peptides to
P64k. In addition, for comparison, one of them was
S-carboxymethylated and conjugated to the same car-
rier in a parallel coupling reaction. Figure 1 shows the
recognition of the resulting conjugates by either P1.19-
or P1.15-specific Mabs in immunoblot. This procedure
indicated similarity in the electrophoretic pattern of
the three conjugates.

P64k, the conjugates and the uncoupled peptides
were administered to mice in a three-dose schedule.
Figure 2 resumes the anti-peptide antibody levels
found in murine sera, after three doses of coupled and
uncoupled peptide. Each serum was tested in duplicate
in ELISA, using the immunizing peptide as the coating
antigen. As it can be seen, the immunogenicity of the
peptides was greatly increased after their conjugation
to P64k. In all cases, there was statistically significant
difference between the group immunized with conju-
gate and the group that received free homologous pep-
tide. When the anti-conjugated peptide antisera were
titrated in ELISA by serial twofold dilution we found
that anti-peptide titers were higher than 25,600 (data
not shown). The antibody levels against all peptides
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remained negligible, even after three doses of antigen,
for the animals immunized with the carrier protein
alone (data not shown).

The increased immunogenicity observed for the con-
jugated peptides is in agreement with previous reports
(7, 20), where high levels of anti-peptide antibodies
were obtained against PorA-derived peptides conju-
gated to traditional protein carriers, like tetanus tox-
oid and keyhole limpet hemocyanin. However, we have
coupled these peptides to the P64k protein, a menin-
gococcal antigen expressed in E. coli by recombinant
DNA technology. We have recently reported that P64k
is a suitable protein carrier for weak immunogens (21).
The P64k-containing conjugates could prime the host
for a specific meningococcal T-cell memory response, by
employing a carrier protein derived from the same
bacterium.

The specificity of reactivity of all anti-conjugated
peptide antisera was determined by Immunoblot
against OMV extracted from strain CU385. As it can be
seen in Fig. 3, all the conjugates elicited a PorA-specific
response upon immunization. As expected, the P64k-
specific antisera (lane 1) did not recognize the porin
present in meningococcal membranes and only reacted
with a weak band corresponding to the homologous
protein present in meningococci.

Polyclonal antisera raised against synthetic peptides
may contain antibodies directed to several conforma-
tions of the peptide, most of them unfolded, weakly
reacting or failing to react with the native protein (22).
Figure 4 shows the extent of reactivity of all antisera
with intact meningococcal outer membranes in ELISA.
As coating antigen, OMV prepared from strain CU385
were employed. It can be observed that antisera pro-
duced against VR1-P64k reacted with OMV, in ELISA,
in a similar magnitude to antisera elicited against the
carrier protein P64k. It indicates that this conjugate
induced antibodies that predominantly recognized the
PorA protein in an unfolded conformation, as antibod-
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FIG. 3. Immunoblots of antisera obtained by immunization with
synthetic peptides conjugated to P64k. Sera were raised against
P64k (lane 1), VR1-P64k (lane 2), VR2-P64k (lane 3) and VR2, -P64k
(lane 4) and were tested against OMV extracted from strain CU385.
Lane 5, murine monoclonal antibody specific to meningococcal PorA
(subtype 15), as a positive control.
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FIG. 4. Reactivity with OMV exhibited by antisera elicited
against conjugated peptides. Anti-native PorA antibody levels in
sera are expressed as their absorbance (492 nm) values in ELISA
(serum dilution 1:100). The plates were coated with OMV (10 pg/ml)
extracted from the meningococcal strain CU385.

ies against it did recognized the membranes in Immu-
noblot.

Both conjugates prepared from peptides derived
from loop 4 (VR2 and VR2,) induced anti-native PorA
antibodies. There was no statistically significant differ-
ence in the anti-PorA protein antibody levels elicited
by both conjugated peptides. It suggests that both an-
tisera contain antibodies directed to conformational
epitopes within the PorA protein. Our results are en-
couraging, considering that previous studies revealed
that even when almost all PorA-derived conjugated
peptides evoked an anti-peptide titer, only a few were
able to raise a significant anti-native PorA antibody
response (7).

The difference found by us in the ability of loop 1-
and loop 4-derived peptides to induce an anti-native
protein antibody response might be attributable to the
peptide length. VR1 peptide only comprises the apex
amino acids of loop 1, whereas VR2 and VR2, include
the full sequence of loop 4.

In summary, we report here that P64k can be an
efficient carrier protein for PorA-derived peptides (in
either cyclic or linear conformation). Chemical conju-
gation to this carrier granted T-cell help to these syn-
thetic peptides, did not affect their folding and allowed
them to induce a PorA-specific immune response.

REFERENCES

1. Carter, J. M. (1994) Techniques for conjugation of synthetic
peptides to carrier molecules. In Peptide Analysis Protocols
(Dunn, B. M., and Pennington, M. W., Eds.), pp. 155-191. Hu-
mana Press, Totowa, NJ.

. Saukkonen, K., Abdillahi, H., Poolman, J. T., and Leinonen, M.
(1987) Protective efficacy of monoclonal antibodies to class 1 and
class 3 outer membrane protein of Neisseria meningitidis B:15:
P1.16 in infant rat infection model: New prospects for vaccine
development. Microb. Pathogen. 3, 261-267.



Vol. 277, No. 1, 2000

10.

11.

12.

. Wedege, E., and Michaelsen, T. E. (1987) Human immunoglob-

ulin G subclass immune response to outer membrane antigens in
meningococcal group B vaccine. J. Clin. Microbiol. 25, 1349—
1353.

. van der Ley, P., Heckels, J. E., Virji, M., Hoogerhout, P., and

Poolman, J. T. (1991) Topology of outer-membrane porins in
pathogenic Neisseria spp. Infect. Immun. 59, 2963-2971.

. Maiden, M. C. J., Suker, J., McKenna, A. J., Bygraves, J. A., and

Feavers, I. M. (1991) Comparison of the class 1 outer membrane
proteins of 8 serological reference strains of Neisseria meningi-
tidis. Mol. Microbiol. 5, 727-736.

. Christodoulides, M., and Heckels, J. E. (1994) Immunization

with a multiple antigen peptide containing defined B- and T-cell
epitopes: Production of bactericidal antibodies against group B
Neisseria meningitidis. Microbiology 140, 2951-2960.

. Hoogerhout, P., Donders, E. M. L. M., van Gaans-van den Brink,

J. A. M., Kuipers, B., Brugghe, H. F., van Unen, L. M. A,,
Timmermans, H. A. M., ten Hove, G. J.,, de Jong, A. P. J. M.,
Peeters, C. C. A. M., Wiertz, E. J. H. J., and Poolman, J. T. (1995)
Conjugates of synthetic cyclic peptides elicit bactericidal anti-
bodies against a conformational epitope on a class 1 outer mem-
brane protein of Neisseria meningitidis. Infect. Immun. 63,
3473-3478.

. Garay, H. E., Niebla, O., Gonzalez, 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.

. Guillén, G., Alvarez, A., Silva, R., Morera, V., Gonzalez, S.,

Musacchio, A., Besada, V., Coizeau, E., Caballero, E., Nazabal,
C., Carmenate, T., Gonzélez, L. J., Estrada, R., Tambara, Y.,
Padron, G., and Herrera, L. (1998) Expression in Escherichia coli
of the IpdA gene: Protein sequence analysis and immunological
characterization of the P64k protein from Neisseria meningiti-
dis. Biotechnol. Appl. Biochem. 27, 189-196.

Sierra, G. V. C., Campa, H. C., Varcacel, N. M., Garcia, J.,
Izquierdo, P. L., Sotolongo, P. F., Casanueva, G. V., Rico, C. O.,
Rodriguez, C. R., and Terry, M. H. (1991) Vaccine against group
B Neisseria meningitidis: Protection trial and mass vaccination
result in Cuba. NIPH Ann. 14, 195-207.

Frasch, C. E., and Mocca, L. F. (1989) Strains of Neisseria men-
ingitidis isolated from patients and their close contacts. Infect.
Immun. 37, 155-159.

Andreu, D., Albericio, F., Solé, N. A., Munson, M. C., Ferrer, M.,

54

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

and Barany, G. (1994) Formation of disulfide bonds in synthetic
peptides and proteins. In Peptide Synthesis Protocols (Penning-
ton, M. W., and Dunn, B. M., Eds.), pp. 91-169. Humana Press,
Totowa, NJ.

Cruz, L. J., Quintana, D., Iglesias, E., Garcia, Y., Huerta, V.,
Garay, H. E., Duarte, C., and Reyes, O. (2000). Immunogenicity
comparison of a multi-antigenic peptide bearing V3 sequences of
the human immunodeficiency virus type 1 with TAB9 protein in
mice. J. Peptide Sci. 6, 217-224.

Hancock, D., and Evan, G. (1992) Synthesis of peptides for use as
immunogens. In Immunochemical Protocols (Manson, M., Ed.),
pp. 23-32. Humana Press, Totowa, NJ.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J.
(1951) Protein measurement with the Folin phenol reagent.
J. Biol. Chem. 193, 265-275.

Laemmli, U. K. (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227, 680—685.
Towbin, H., and Gordon, J. (1984) Immunoblotting and dot
immunobinding—Current status and outlook [Review]. J. Im-
munol. Methods 72, 313-340.

Cruz, S., Musacchio, A., Fernandez-de-Cossio, M. E., Ohlin, M.,
Nazabal, C., Freyre, M. F., Borrebaeck, C. A. K., and Gavilondo,
J. V. (1998) Mouse monoclonal antibodies against outer mem-
brane proteins of a vaccine strain of Neisseria meningitidis B:4:
P1.15. Minerva Biotecnol. 10, 65-70.

Exposito, N., Mestre, M., Silva, R., Nazabal, C., Pefia, M., Mar-
tinez, N., Font, M., and Guillén, G. (1999) Preformulation study
of the vaccine candidate P64k against Neisseria meningitidis.
Biotechnol. Appl. Biochem. 29, 113-119.

Christodoulides, M., McGuinness, B. T., and Heckels, J. E.
(1993) Immunization with synthetic peptides containing
epitopes of the class 1 outer-membrane protein of Neisseria
meningitidis: Production of bactericidal antibodies on immuni-
zation with a cyclic peptide. J. Gen. Microbiol. 139, 1729-1738.
Gonzélez, S., Alvarez, A., Caballero, E., Vifa, L., Guillén, G., and
Silva, R. (2000) P64k meningococcal protein as immunological
carrier for weak immunogens. Scand. J. Immunol. 52, 113-116.
Tam, J. P. (1995) Synthesis and applications of branched pep-
tides in immunological methods and vaccines. In Peptides: Syn-
thesis, Structures, and Applications (Gutte, B., Ed.), pp. 455-
500. Academic Press, San Diego, CA.



	MATERIALS AND METHODS
	FIG. 1
	FIG. 2

	RESULTS AND DISCUSSION
	FIG. 3
	FIG. 4

	REFERENCES

