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ABSTRACT
The possibility was studied of eliciting antibodies that are able to recognize Neisseria meningitidis outer membranes
by immunizing with synthetic peptides containing the sequence of the exposed loop 1 (variable region 1 or VR1)
subtype P1.19 from meningococcal PorA protein. It has been shown that the antibodies elicited by immunization
with a cyclic synthetic peptide containing the apex amino acids of the PorA P1.19, fail to recognize the native PorA
protein. In the current study we tested a cyclic synthetic peptide containing the complete sequence of meningococ-
cal PorA VR1 P1.19. Specific anti-PorA antibodies were induced by the immunization of Balb/C mice with unconjugated
and BSA-conjugated peptides. The elicited antibodies were able to react with the native PorA protein as presented
in the meningococcal outer membrane vesicles. These results highlight the importance of presenting the VR1 to the
immune system as close as possible to the natural conditions in order to obtain an adequate immune response.
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RESUMEN
Los anticuerpos inducidos contra péptidos sintéticos correspondientes con la secuencia entera del lazo 1
de PorA del subtipo P1.19 del meningococo reconocen las membranas externas de Neisseria meningitidis.
La posibilidad de obtener anticuerpos capaces de reconocer la membrana externa de Neisseria meningitidis se
estudió mediante la inmunización con péptidos sintéticos que contienen la secuencia del lazo expuesto 1 (región
variable 1 o RV1) del subtipo P1.19 de la proteína PorA del meningococo. Ha sido demostrado previamente que los
anticuerpos inducidos por la inmunización con un péptido sintético cíclico que comprende los aminoácidos del ápice
del lazo 1 del subtipo P1.19 de PorA no reconocen la proteína nativa. En el presente trabajo se evaluó un péptido
sintético cíclico que comprende la secuencia completa de la RV1 de PorA. Anticuerpos específicos anti-PorA fueron
inducidos por la inmunización de ratones Balb/C con el péptido conjugado a BSA y no conjugado. Los anticuerpos
inducidos reaccionaron con la proteína PorA nativa, tal como se presenta en vesículas de la membrana externa de
la bacteria. Estos resultados destacan la importancia de presentar la RV1 al sistema inmune tan similar como sea
posible a la natural para obtener una respuesta inmune adecuada.

Palabras clave: PorA, péptidos sintéticos, síntesis en fase sólida, péptidos conjugados,
meningococo, conformación

Introduction
Bactericidal antibodies against the PorA outer mem-
brane porin protein from Neisseria meningitidis play
a major role in the protection against meningococcal
disease [1, 2]. A two-dimensional model of PorA
protein predicts the presence of eight cell surface-
exposed loops in the protein [3]. Sequence compari-
son of the porA gene and the deduced amino acid
sequence from different serosubtypes reveals the di-
vergence between strains that are confined largely to
two discrete variable regions, designated variable re-
gion 1 (VR1) and variable region 2 (VR2), located at
the apices of exposed loops 1 and 4, respectively, thus
generating two separate serosubtypes in each strain
[4]. The PorA protein of the most frequent clinical
isolate in Cuba is of the serological classification

B:4:P1.19,15 [5], thus having a P1.19 determinant in
loop 1 (VR1) and a P1.15 determinant in loop 4 (VR2)
[6]. The CU385 strain, with the same serological
classification, is the Cuban reference strain [7]. The
exposed loops 1 and 4 are the targets of the bacterici-
dal antibodies against the protein [1].

Previous studies have demonstrated that the immu-
nization of laboratory animals with synthetic peptides,
derived from surface loop 4 of PorA protein of sub-
types P1.13, P1.15, P1.16a and P1.16b, produced
antisera that can to bind the native PorA protein on
the surface of meningococci [8-14]. The studies with
the loop 4 peptide corresponding to subtype P1.15,
conducted by us, included the immunization with po-
lymers of the cyclic peptide [10], conjugates to the
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P64K carrier protein of linear and cyclic peptides [11]
and the phage-displayed peptide [12]. However, the
sequences corresponding to the subtypes associated
with loop 1 of PorA protein [15, 16], have not been
evaluated as immunogens in the form of synthetic
peptides, with the exception of our previous work
with the sequence corresponding to the VR1 of PorA
from the Cuban strain (subtype P1.19) [11]. We
immunized mice with a cyclic peptide conjugated to
the P64K protein, and although specific anti-peptide
antibodies were detected, it was not possible to
demonstrate antibody binding to outer membrane
vesicles (OMV) extracted from N. meningitidis [11].
In this report [11], the sequence of the VR1 contains
only the apex amino acids of PorA loop 1, which
probably account for the failure of antibodies to
recognize the native protein. In the present study we
tested the ability of antibodies against a cyclic peptide
containing the entire sequence of loop 1 of subtype
P1.19 to induce antibodies that can recognize the native
PorA protein as presented in the outer membrane of
N. meningitidis.

Materials and methods

Meningococcal strains and growing conditions
The meningococcal strain CU385 (B:4,7:P1.19,15;
ST = 33) [7] was obtained from the N. meningitidis
strain collection of the Finlay Institute, Havana, Cuba
and was grown in Brain and Heart Infusion agar for
18 h at 37 °C on a candle jar.

Outer membrane vesicle preparations
Outer membrane vesicles from N. meningitidis strain
CU385 were obtained by the LiCl procedure [17].
They were stored at 4 °C.

Protein concentration determination
Protein concentration was determined by the Lowry
method [18].

Peptide synthesis and conjugation
Two peptides with sequences corresponding with the
exposed loops 1 (sequence: AcCNFQLQLTEPPSKSQ
PQVKVTKAKSRICβAlaG) and 4 (sequence: AcC
SKSAYTPAHYTRQNNADVFVPAVVGCβAlaAG)
of the PorA protein from the Cuban strain CU385 [6]
were synthesized using the Boc/Bzl (t-butyloxy-
carbonyl/benzyl) strategy [19] on 60 mg of PAM-
resin (substitution level 1 mmol/g). Cleavage of the
Boc group was carried out with 37.5% trifluoroacetic
acid in dichloromethane for 30 min and neutralized
with 5% N,N-diisopropylethylamine in dichlorome-
thane three times for 2 min each. The amino acids
were coupled using N,N-diisopropylcarbodiimide and
the reaction was monitored by the ninhydrin test.
The peptides were acetylated at the N-terminal with
acetic anhydride. The side-chain was left unprotected
and cleavage of the resin was performed following the
‘Low-High’ hydrogen fluoride (HF) procedure [20]
with HF-dimethylsulfide -p-cresol (25: 65: 10) for
2 h at 0 °C and HF- dimethylsulfide -anisole-thio-
cresol (79.8: 10: 10: 0.2) for 1 h at 0 °C. The peptides
were extracted with 30% acetic acid in water and lyo-
philized.

The peptides were reduced with 100 mM dithio-
treitol in 6 mol/L guanidium chloride, 100 mM Tris at
pH 8.2 for 2 h at 37 °C and purified by the HPLC sys-
tem (Pharmacia-LKB), using a RP-C18 (25 x 250 mm,
Vydac) column with a linear acetonitrile/water gra-
dient of 15 to 45% for 50 min at a flow rate of 4 mL/min.
The absorbance was monitored at 226 nm. The oxida-
tion of thiol groups was carried out with 20% dime-
thylsulfoxide in water [21]. The peptides were dissol-
ved in acetic acid: H2O (1:19) at 0.2 mmol/L and pH
was adjusted to 6 with 25% ammonium hydroxide.
The oxidation reaction was monitored by the Ellman
test [22]. The cyclic peptides were analyzed using an
analytical column RP-C18 (4.6 x 150 mm, Vydac) with
a linear acetonitrile / water gradient from 0 to 60% for
40 min at a flow rate of 0.8 mL/ min. Absorbance was
monitored at 226 nm. The cyclic peptides were also
studied by matrix-assisted laser desorption ionization-
mass spectrometry.

To prepare the conjugates, the cyclic peptides (1 mg)
were dissolved in 700 μL of PBS solution pH 7.2,
5 mg of N-(3-dimethylaminopropyl)-N-ethylcar-
bodiimide hydrochloride were added, the pH was
adjusted to 5 with a 0.1 mol/L HCl solution and the
reaction was stirred for 10 min. Then, 1 mg of BSA in
300 μL of PBS was added, the pH was adjusted to
6-7 with a 0.1 mol/L NaOH solution and the reaction
was stirred for 2 h. The conjugated peptides were pu-
rified by gel filtration on a PD10 column [23].

Peptides were named as follows: cVR1 (unconju-
gated cyclic VR1), BSA-cVR1 (BSA-conjugated cy-
clic VR1), cVR2 (unconjugated cyclic VR2) and BSA-
cVR2 (BSA-conjugated cyclic VR2).

Conjugate analysis by immunoblotting
For the analysis by immunoblotting of BSA-conjuga-
tes, 5 μg of OMV preparations from N. meningitidis
strain CU385, 3 μg of BSA and 20 uL of BSA-conjuga-
ted peptides per lane, were suspended in Laemmli
sample buffer and subjected to 12.5% SDS-PAGE [24].
Proteins were transferred to 0.45 μm pore size nitro-
cellulose membranes [25]. The nitro-cellulose sheets
were blocked with skimmed milk 5% (v/v) in PBS/
0.05% (v/v) Tween 20 (Sigma, USA) (blocking solu-
tion) and incubated for 2h at RT with specific mono-
clonal antibodies for the PorA subtypes P1.19 [26] or
P1.15 (paper pending publication). Immunological
reactivity was detected with horseradish peroxidase-
conjugated anti-mouse IgG antibodies (Sigma, USA)
and substrate solution containing 3-amino-9-ethyl-
carbazole and hydrogen peroxide.

Mice immunizations
Groups of 8 Balb/c mice each were inoculated sub-
cutaneously with three doses of 50 μg, every two
weeks, with the unconjugated and BSA-conjugated
loop 1 and loop 4 peptides. An additional group was
immunized with the BSA protein. Preimmune sera
and sera after the third dose were extracted and stored
at -20 °C until use.

ELISAs
High binding polystyrene 96-well flat-bottomed mi-
crotiter plates (Costar, Cambridge, USA) were coated
overnight at 4 °C, with either OMV extracted from
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meningococcal strain CU385 or the cyclic synthetic
peptides corresponding to VR1 (subtype 19) and VR2
(subtype 15) of PorA protein diluted at 10 μg/mL in
0.05 M Sodium-carbonate buffer, pH 9.6. Plates were
blocked with the blocking solution. Serum samples
were diluted 1/200 in the blocking solution. Bound
antibodies were detected with horseradish peroxidase-
conjugated goat anti-mouse IgG antibodies (Sigma,
USA), with the chromogen orthophenylenediamine
and the enzyme substrate hydrogen peroxide. Absor-
bance was read at 492nm (A492nm). All sera were ana-
lyzed in duplicate and the average values were used
for the analysis.

Statistical analysis:
Data were transformed (Log 10) for the statistical
comparisons of differences between groups. Transfor-
med data passed the normality test (Kolmogorov-
Smirnov with Dallal-Wilkinson Lillie for the P value)
and showed variance homogeneity (Bartlett´s test).
The transformed data were analyzed by a parametric
ANOVA and the means compared by the Newman-
Keuls Multiple Comparison Test. P values < 0.05
were considered significant. GraphPad Prism statistical
software (San Diego, CA, USA) was used.

Results and discussion
The importance of the VRs of PorA protein for immu-
nity against N. meningitidis has been well established:
the VRs are the target for the bactericidal and protective
antibodies directed against PorA [1, 2, 27-29].

Several groups have studied the immunogenicity of
synthetic peptides with sequences corresponding to
the PorA VRs [8-14]. The immunogenicity of peptides,
with the sequences of the VRs of PorA of the Cuban
strain CU385 (VR1: P1.19 and VR2: P1.15), and the
capacity of the induced antibodies to recognize the N.
meningitidis surface, have also been studied [10-12].

In a previous study [11] we immunized mice with
the sequence of the VR1, but it only contained the
apex amino acids of loop 1 and the induced antibodies
failed to recognize the native protein. Here we tested
the capacity of antibodies elicited against the entire
loop 1 to recognize the native PorA protein. For the
control of the experiments we used the peptide corres-
ponding to the VR2 (subtype P1.15).

The peptides were synthesized on a solid phase
following the Boc/Bzl strategy and restricted by cy-
clization to mimic the conformation of the surface
loops. PAM-resin was used for the synthesis of pep-
tides with C-terminus in an acid form. Cyclic peptides
were obtained with a purity of approximately 90%
by RP-HPLC, which is adequate for immunological
studies. The identity of each peptide was determined
by mass spectrometry. The molecular mass determi-
ned experimentally agreed with the theoretical mass
calculated for each peptide (data not shown). The
cyclic peptides were coupled to the BSA protein carrier
through their C-terminus and the conjugation reac-
tions were verified by immunoblotting analysis using
specific antibodies for each peptide (Figure 1); OMV
from the bacterium and BSA were used as positive
and negative controls, respectively. Positive signals
were obtained in the lane corresponding to the conju-
gates and OMV from N. meningitidis, while no signal
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Figure 1. Immunoblotting analysis of BSA-conjugated PorA
loop 1 (VR1) and 4 (VR2) peptides. Membranes were incubated
with monoclonal antibodies that are specific to meningococcal
PorA protein variable regions: A) loop 1 peptide (VR1, subtype
P1.19) and B) loop 4 peptide (VR2, subtype P1.15). Lane 1)
BSA-conjugated loop 1 peptide, lanes 2 and 5) BSA, lanes 3
and 4) outer membrane vesicles from N. meningitidis strain
CU385, and lane 6) BSA-conjugated loop 4 peptide.
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Figure 2. Anti-peptide antibody levels, measured by ELISA, of
murine sera elicited against the unconjugated and the BSA-
conjugated PorA VR1 and VR2 cyclic peptides. Plates were
coated with the homologous unconjugated peptide. The results
are expressed as the increases in absorbance signals at 492nm
(A492nm) of the third dose sera compared to the preimmune
sera, after 10 min of incubation with the substrate. Sera were
diluted 1/200. Legend: cVR1: cyclic VR1 peptide, BSA-cVR1:
BSA-conjugated cyclic VR1 peptide, cVR2: cyclic VR2 peptide,
BSA-cVR2: BSA-conjugated cyclic VR2 peptide. Bars represent
the means and error bars represent the standard deviations for
each group. Statistically significant differences are indicated
with different letters.

was observed in the lanes corresponding to the BSA
protein.

After the immunization of BalB/C mice with the
unconjugated peptide and the BSA-conjugated VR1
and VR2 peptides, sera were evaluated by ELISA
against either the homologous peptides or OMV from
N. meningitidis. Results are shown in figures 2 and 3,
respectively. The antibody levels against all peptides
were negligible after three doses of the antigen for the
animals immunized with the carrier protein alone (da-
ta not shown). The unconjugated VR1 peptide was
more immunogenic than the unconjugated VR2 peptide
(P < 0.001). The immunogenicity of the VR2 peptide
was increased after its conjugation to the protein carrier
(P < 0.05). The levels of antibodies detected against
the VR1 peptide were lower in sera form mice immu-
nized with the BSA-conjugated VR1 peptide than
those detected after immunization with the unconju-
gated VR1 peptide (P < 0.001).

Figure 3 shows that antibodies that specifically re-
cognized the outer membrane of N. meningitidis were
detected in all groups immunized with the unconjuga-
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ted peptide and BSA-conjugated peptides: statistically
significant differences in levels of antibodies directed
against the membranes were detected in all groups
immunized with peptides with regard to the control
group immunized with BSA (P< 0.001 for the BSA-
cVR2 group and P < 0.05 for the remaining groups).
Similar levels of anti-OMV antibodies were detected
in the groups immunized with the unconjugated pep-
tide and BSA-conjugated VR1 peptide (P > 0.05). No
statistically significant differences were found in the
anti-OMV antibody titers detected for the groups immu-
nized with the unconjugated VR1 and VR2 peptides
(P > 0.05).

The levels of specific anti-peptide antibodies detec-
ted in sera of mice immunized with the BSA-conju-
gated loop 4 peptide were higher than those detected
in the sera of mice immunized with the loop 4 uncon-
jugated peptide, in agreement with previous reports
[9, 11, 12], where high levels of anti-peptide antibodies
were obtained against Por-A derived peptides after
conjugation with protein carriers. These results concer-
ning the immunogenicity and capacity of the elicited
antibodies to recognize the meningococcal membrane
obtained for the VR2 peptide subtype P1.15, are in
accordance with our previous results [10-12]: we ha-
ve found that polymers of the cyclic peptide [10],
conjugate to the P64K protein of linear and cyclic
peptides [11, 30] and the peptide displayed on the
surface of filamentous phage M13 [12] were able to
elicit specific anti-peptide antibodies. Moreover, the
antibodies elicited were able to recognize the native
PorA protein on the surface of the bacterium or even
to elicit functional activity against the meningococcus
[10, 12].

Certain modifications were made in the present
study compared to our previous work with the VR1
peptide [11]. First, in the VR1 synthesized peptide
we included all the amino acids of the loop 1 sequence.
Second, we used the carbodiimide method for the
conjugation reaction, which couples the peptide to

the protein carrier specifically through the carboxylic
groups of the peptide. In the specific case of the loop
1 peptide, there are only two possibilities for reaction:
the γ-carboxylic group of glutamic acid and the COOH
terminal group. Previously [11] the conjugation pro-
cess was less specific due to the use of the glutaral-
dehyde method, that couples the protein to the amine
groups of the peptide and the peptide fragment,
derived from the VR1, that had four amine groups:
three lysine and the NH2 terminal group.

Here, in contrast to the previous report [11], we
found that the unconjugated synthetic peptide corres-
ponding to VR1 elicited higher antibody titers than
the unconjugated VR2 peptide and the elicited anti-
bodies were able to react with the N. meningitidis outer
membranes. Hence, the differences in the anti-VR1
immune response found between these two studies
are attributable to the differences in the peptide length
assayed. These differences in length could lead to the
differences detected in the amount and quality of the
antibodies generated, either by including new B and T
epitopes in the longer peptide, in addition to those
present in the peptide that contained only the apex of
the loop 1, or due to conformational differences bet-
ween these two peptides.

Previous studies with animal and human sera sho-
wed that in the P1.15 subtype peptide conformation
does not seem to be as important for antigenicity and
immunogenicity [11] as in the P1.19 subtype. The
importance of conformation of the PorA VR1 for the
human immune response against N. meningitidis was
demonstrated in a study where a cyclic peptide with
the sequence of the complete VR1 (subtype P1.19)
was better recognized by sera from individuals vac-
cinated with the Cuban anti-meningococcal BC OMV-
based vaccine VA-Mengoc-BC® than a linear peptide
with an identical sequence [paper pending publication].
This could be generally associated to the PorA VR1:
Idänpään-Heikkilä and coworkers [2], found that the
detection by immunoblotting of the immune response
against loop 1 in the sera of individuals that were
convalescing from meningococcal disease was enhanced
in the presence of cluck detergents, while no differences
were found in the immune response against loop 4
with or without the inclusion of detergents.

Therefore, we considered here that the main reason
for the results obtained was the possible conforma-
tional change introduced by the increase in the peptide
length. Evidence for length-dependent conformational
epitopes has been previously reported [31]. Never-
theless, we do not absolutely reject the possibility
that the introduction of new B and/or T-cell epitopes
in the longest peptide, helped increase peptide immu-
nogenicity. We do not consider this, however the basic
reason, because B-cell epitopes of PorA have been
mapped at the apex of the exposed loops [4, 32]. On
the other hand, significant changes in immunogenicity
due to the possible inclusion of new T-cells epitopes
must be taken into account if they included trans-
membrane regions of the protein, because that is where
the immunodominant T cell epitopes of PorA protein
[33] are found. According to the reported T-cell epito-
pe map of PorA, there are no significant differences in
the presence of T-cell epitopes for peptides containing
only the apex of loop 1 or the complete loop 1 [34].
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Figure 3. ELISA reactivity of murine sera, elicited against the
unconjugated and the BSA-conjugated PorA VR1 and 2 cyclic
peptides, with the outer membrane vesicle extracted from the
meningococcal strain CU385. The results are expressed as
increases in absorbance signals at 492nm (A492nm) of the third
dose sera compared to the preimmune sera, after 10 min of
incubation with the substrate. Sera were diluted 1/200. Legend:
cVR1: cyclic VR1 peptide, BSA-cVR1: BSA-conjugated cyclic VR1
peptide, cVR2: cyclic VR2 peptide, BSA-cVR2: BSA-conjugated
cyclic VR2 peptide. Bars represent the means and error bars
represent the standard deviations for each group. Statistically
significant differences are indicated with different letters.
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Surprisingly, the BSA-conjugated loop 1 peptide
elicited lower levels of antibodies against the pepti-de
than the unconjugated peptide (Figure 2), but the
analysis of the N. meningitidis outer membrane re-
cognized by ELISA showed that similar levels of an-
tibodies that are able to react with the meningococcal
membranes were detected in the sera of animals immu-
nized with both immunogens. It implies that the un-
conjugated VR1 peptide, even though it is immuno-
genic, induced certain antibodies against the unfolded
conformation, that were weakly reactive or failed to
react with the native protein. Synthetic peptides are
linear arrays of amino acids that mainly have a random
structure when in solution [21]. While it is not difficult
to produce antipeptide antibodies, it does not ne-
cessarily follow that the antibodies will recognize a
protein containing the same stretch of the sequence
found in the peptide [35]. Also, the epitopes recog-
nized by B cells include mobile peptides containing
sequential or non-sequential amino acids [36]. We
therefore speculate that after immunization with the
unconjugated peptide a pronounced immune response
was induced against some peptide conformations that

are different from the same sequence in the protein, and
thus it is not totally recognized. In the case of the
conjugated VR1 peptide, the conjugation process
probably limited the number of possible peptide
conformations, including the possible immunodomi-nant
epitopes formed in the unconjugated peptide, reducing
the levels of antibodies against the peptide, but these
limited numbers of conformations remaining seems more
similar to the natural ones, which could explain their
capacity to bind to the meningococcal membranes.

In summary we report here that antibodies against
synthetic peptides with sequences corresponding to
the meningococcal PorA subtype P1.19 are able to re-
cognize the native PorA protein in the outer membrane
of the bacterium, and that the epitope involved in this
recognition must be presented to the immune system
in a way that is as close as possible to the natural one
to obtain an adequate immune response.

Acknowledgments
The authors are very grateful to colleagues from the
Finlay Institute for providing us with the meningo-
coccal strain CU385 used in this work.

Received in August, 2008. Accepted
for publication in December, 2008.

35.  Rothbard JB. Synthetic peptides as vac-
cines. Biotechnology 1992;20:451-65.

36.  Kuby J. Immunology. 3rd ed. New
York: WH Freeman and Company, 1997.


	BIOTECNOLOGÍA APLICADA Vol25 No3
	CONTENIDO / CONTENT
	ARTÍCULOS DE REVISIÓN / REVIEW ARTICLES
	Las proteínas de estrés térmico en la inflamación y el cáncer
	Heat shock protein in inflammation and cancer
	La eritropoyetina humana recombinante como terapia para la neuroprotección 
	Recombinant human erythropoietin as a neuroprotective therapy in brain ischemia

	ARTÍCULOS DE INVESTIGACIÓN / RESEARCH ARTICLES
	Suppression of the pathogenic responses in an animal model of adjuvant-induced arthritis by a peptide corresponding to a novel epitope from heat-shock protein 60
	Characterization of two experimental rodent models for evaluating novel drugs for Rheumatoid Arthritis
	Antibodies elicited by immunization with cyclic synthetic peptides comprising the entire sequence of meningococca PorA loop 1 subtype P1.19 recognize the outer membranes of Neisseria meningitidis paurometabola C-924
	Effects of selection and adaptation of NS0 cells to protein-free medium on the properties, affinity and biological activity of a monoclonal antibody

	ENFOQUE / FOCUS
	Buenas Prácticas de Laboratorio y las normas ISO 9001:2000
	Good Laboratory Practices and the ISO 9001:2000 standards

	REPORTES / REPORTS
	Recent Advances in the Pathogenic Neisseria Research 
	Premios de la Academia de Ciencias de Cuba 2007 / Awards of the Academy of Sciences of Cuba 2007
	Incremento por métodos biotecnológicos del espectro de acción de la toxina insecticida Cry1Ac1 de Bacillus thuringiensis
	Broadening the target host range of the insecticidal Cry1Ac1 toxin from Bacillus thuringiensis by biotechnological means
	Efecto citoprotector cardíaco y extracardíaco del péptido GHRP6
	Cardiac and extracardiac cytoprotective effects of GHRP6 peptide 



	PRÓXIMOS EVENTOS / FUTURE EVENTS
	INSTRUCCIONES A LOS AUTORES
	INSTRUCTIONS TO AUTHORS




