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Introduction
Bacterial meningitis is still a pressing public health
problem worldwide. Infections with Neisseria me-
ningitidis, in particular, are a major contributor in the
incidence of bacterial meningitis and septicemia, two
devastating diseases that can claim the lives of chil-
dren and young adults in a matter of hours. Both the
developed and developing countries are equally affec-
ted by meningococcal infections, and examples of en-
demic or epidemic states can be found in both cases
regardless of their geographical location [1].

Meningococcal disease, if left untreated, has a morta-
lity rate of 60 to 80%. Although this figure can be
reduced to 10% through the use of antibiotics, the an-
tibiotic therapy does not eliminate or decrease the
incidence of meningococcal colonization at the na-
sopharynx within the general population, while at the
same time being expensive, and providing only short-
term benefits; additionally, meningococcal disease of-
ten leaves permanent sequelae among survivors. The
use of immunoprophylactic treatment is generally re-
garded, therefore, as the only effective means for the
successful control of this infection [1].

Most cases of meningococcal disease are caused by
serogroups A, B or C meningococci. Although effica-
cious polysaccharide-based vaccines have been availa-
ble for a long time against serogroups such as A, C,
W135 and Y [2], the capsular polysaccharide from sero-
group B is poorly immunogenic due to its structural
similarity with polysialic acid polymers present on
the surface of human embryonic nervous tissue [3],
and serogroup B vaccine research has therefore focu-
sed instead on subcapsular antigens such as the outer
membrane proteins (OMP). Several different OMPs
have been evaluated as vaccine candidates, either as
individual subunits or as components of outer mem-
brane vesicle (OMV) preparations. Although some of
these formulations have shown promising results, their
protective spectrum has so far been restricted to a re-
latively small number of antigenically related strains,
and in general they fail to provide cross-protection
against representative collections of epidemiologica-
lly relevant heterologous meningococcal strains.

The publication in the year 2000 of the genome se-
quence of a N. meningitidis serogroup B strain spurred
a renewed interest in the search for new protein anti-
gens that could induce protective immunity against

this serogroup [4], using bioinformatic tools to pro-
cess genomic and proteomic data. In this context, the
present report summarizes the results obtained with
these techniques at the Meningococcal Disease De-
partment of the Center for Genetic Engineering and
Biotechnology, which resulted in the identification of
lipoprotein NlpB (annotated as NMB0928 in the ge-
nome sequence) as a component of the OMV from N.
meningitidis, used as the active ingredient of the VA-
MENGOC-BC® vaccine. Additionally, this report
presents our results in regard to obtaining and charac-
terizing NlpB as a new vaccine candidate against men-
ingococcal disease.

Identification of NlpB as a putative
exposed outer membrane
lipoprotein
Protein NMB0928 from N. meningitidis was first iden-
tified through proteomic techniques in the OMV of
strain CU385, which constitutes the active ingredient
of the Cuban VA-MENGOC-BC® vaccine [5]. NlpB
was later shown to be present, at consistent expres-
sion levels, in OMV from other meningococ-
cal strains [6-8]. An analysis by our group of the pre-
viously reported sequence for the nmb0928 gene and
its genomic context led to the re-annotation of this
gene and the potential cellular localization of its pu-
tative product [9], which had escaped previous in silico
screenings for vaccine candidates against the menin-
gococcus by other groups [10] due to an error in the
original annotation [11]. The polypeptide sequence of
NMB0928 shows a typical Gram-negative secreted
lipoprotein signal peptide and Leu-X-X-Cys motif,
and although its physiological role is not known, it sha-
res sequence homology with a family of bacterial lipo-
proteins that includes NlpB from Escherichia coli (a
member of an outer membrane protein complex invol-
ved in the sorting and assembly of other secreted pro-
teins [12]). This meningococcal NlpB homologue was,
therefore, considered an attractive vaccine candidate.

Sequence conservation of the nlpB
gene and its deduced amino acid
sequence
In order to study the degree of sequence conservation
of this antigen, the gene coding for the NMB0928
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NlpB homolog was amplified by PCR from a collecti-
on of 45 Cuban N. meningitidis strains isolated either
from meningococcal disease patients or asymptom-
atic carriers, spanning a diverse range of serotypes,
serogroups, serosubtypes and immunotypes that toge-
ther represent all clonal complexes detected in Cuba
before and after the countrywide immunization cam-
paign against serogroups B and C, and including interna-
tional reference strains for each serogroup. The ana-
lysis of the sequences generated in this study and the
phenotypic characteristics of the source strains can
be found at GenBank under access numbers EF688409
to EF688427 and FJ824137 to FJ824162. The coding
sequence of nlpB was found in all strains analyzed,
with a degree of sequence identity ranging from 90 to
100%. There was also a high degree of conservation
for the amino acid sequence (Table 1), and although
variable sites were detected at the N- and C-termini of
the protein [9], the proportion of synonymous and
non-synonymous codon changes in the gene (dn/ds)
suggests that there is evolutionary pressure for the
conservation of its sequence (Table 1).

Cloning and expression of the nlpB
gene in a novel expression system
Cloning and expression of the neisserial nlpB in E. coli
was facilitated by the development, within our group,
of a new expression system for this host. This sys-
tem was based on plasmid pM83 (CIGB, Cuba), de-
signed for the expression of heterologous proteins un-
der the tryptophan promoter, which was engineered
to contain a system for the selection of recombinant
clones based on lacZ as a reporter gene within a
bicistronic mRNA (Figure 1), an expanded multiple
cloning site, and a sequence coding for a His(6) tag
that can be fused, if desired, to the C-terminus of the
recombinant polypeptide for easy downstream purifi-
cation by immobilized-metal affinity chromatography
(IMAC). The final plasmid obtained after these mani-
pulations was named pM238 [13] (Figure 1) and has
been widely used for obtaining a number of recom-
binant proteins in different departments and projects
of CIGB. In our case, the gene coding for the NlpB
protein was amplified by PCR from the CU385 vac-
cine strain (B:4:P1.19,15, ST=33) and inserted into
pM238, thereby obtaining plasmid pM238-MB0928.

Purification of recombinant NlpB
As mentioned above, plasmid pM238-NMB0928
codes for the synthesis of NlpB with an N-terminal

tag consisting of the first 47 amino acids of the LpdA
(P64k) protein from N. meningitidis and a C-terminal
hexahistidine tag. After the transformation of E. coli
W3110 with this plasmid, followed by experiments
for the optimization of culture conditions, recom-
binant NlpB was obtained at expression levels of 30%
of total protein contents. The relative mobility of the
recombinant protein in denaturing SDS-polyacryla-
mide electrophoresis matches a molecular weight of
50 kDa, as expected for NlpB bearing the previously
mentioned N- and C-terminal fusion tags. After the
resuspension of the cell pellet on the TE buffer (10
mM Tris-Cl, 1 mM EDTA, pH 8) and a rupture by
sonication (4 one-minute long cycles of sonication
with two-minute intervals, on ice), recombinant NlpB
was found to be associated to the insoluble fraction,
probably as inclusion bodies. The protein was puri-
fied to 90% purity (as estimated by densitometry) by
solubilization in a buffer containing 2 M urea, follo-
wed by denaturing chromatography on chelating
Sepharose previously charged with copper sulfate and
refolding by the dialysis of the purified fractions
against carbonate-bicarbonate buffer pH 10, elimi-
nating the chaotropic agent and the imidazole.

Preparation of the immunogens and
immunization of animals with
recombinant NlpB
The immunological evaluation of recombinant NlpB
was performed with 2 immunization schemes imple-
mented in different animal models.  The first scheme
used outbred 7 day-old (neonate) OF1 mice of both
sexes split into 4 groups of 8 animals each, maintained
under controlled conditions throughout the experi-
ment. The animals were inoculated intraperitoneally
with 10 μg of the recombinant protein in a total vol-
ume of 50 μL/individual, withdrawing blood samples
for evaluation 7 days after the last inoculation. In this
case, groups 1 and 2 were immunized with NlpB
adjuvanted either in aluminum hydroxide (1:40) or
Freund’s complete/incomplete adjuvant (1:1) respecti-
vely at days 7 and 14 after birth; groups 3 and 4 were
immunized similarly but received three doses at 7, 10
and 14 days after birth.

The second scheme used 40 female Balb/c (H-2d)
mice 6 to 7 weeks old with a weight ranging from 18 to
20 g, supplied by CENBALAB, which were split into
4 groups of 10 animals each immunized subcuta-
neously. Group 1 received 20 μg of NlpB with
Freund’s adjuvant, group 2 received 20 μg of NlpB
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P e r ce n t a ge  id e n ti ty , n ucle o t id e  seq ue nc e s  (r a n g e ) 90  –  10 0%  
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p a  nu c le otid e  d is ta nce  (m e a n) 0 . 025  

d n/ ds  b  (a ve r a g e )  0 . 263  
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adjuvanted with aluminum hydroxide, group 3 received
20 mg of NlpB inserted into multilamellar liposomes
and adjuvanted into aluminum hydroxide, and group 4
received 20 mg of protein P6 from Haemophilus
influenzae (unrelated control) in Freund’s adjuvant.
The design of the immunogen for group 3 is based on
the fact that NlpB is a membrane protein, and there-
fore the insertion into multilamellar liposomes may
promote the correct folding of this molecule by mimic-
king its native physical environment. The liposomes
were obtained by the method of vesicle reconstitution
by dehydration-hydration [14], incorporating the re-
combinant antigen as described previously [9]. Briefly,
the empty liposome suspension was mixed with 6 mg
of recombinant protein and dehydrated by freezing 3
times. Finally, the vesicles were centrifuged at 100
000 x g for 2 h at 4ºC and the resulting pellet was
resuspended into 1 mL of PBS.

Characterization of the immune
response in different animal models
The analysis of the humoral immune response against
the homologous antigen in the murine neonate model
described above (which tries to simulate the immune
status of newborns) showed an antibody titer larger
than 1000 in all individuals, which did not increase
after a third dose. These results suggest that the anti-
gen is immunogenic even in infants, which constitute
one of the age groups with the highest incidence of
meningococcal disease. The protein was also immuno-
genic in the model of adult mice, with titers ranging
from 170 000 to 400 000 depending on the specific
adjuvant [9]. An analysis by Western blot of the se-
rum samples from immunized mice against cell ext-
racts of N. meningitidis showed that the induced anti-
bodies specifically recognize the natural protein, with
a relative mobility corresponding to ~40 kDa. The
sera also showed bactericidal activity against the ho-
mologous strain (CU385) with titers ranging from 1:16
to 1:32. The evidence suggests that bactericidal acti-
vity is a good correlate of protection in humans for
OMV-based anti-meningococcal vaccines specific to
serogroup B [15], and this criterion as been extended

to the evaluation of new protein-based vaccine candi-
dates in mice as well.

The sera were also assayed in a model of passive
immunization and challenge in infant rats. In this ex-
periment, newborn rats with an age of 5 to 6 days
were intraperitoneally inoculated with a 1:10 dilution
of sera from mice immunized with the recombinant
protein, and were then challenged 1 hour later with
approximately 107 colony-forming units (7 log10 cfu)
of the homologous strain (CU385) in the presence of
an external iron source (iron-dextran). Four hours af-
ter the challenge, blood samples were withdrawn from
each rat and bacteremia was measured by cfu counts
in BHI-blood agar plates. The results of these analy-
ses showed that the immunization of mice with re-
combinant NlpB inserted into liposomes induces a
protective response, since the sera from these animals
promoted a significant reduction in bacteremia for the
challenged rats compared to a control serum obtained
before the inoculation (5.26 ± 0.94 vs. 6.16 ± 0.34
log10 cfu/mL, P < 0.05). The presentation of this anti-
gen in liposomes, therefore, probably leads to the adop-
tion of a native-like structure that exposes B-cell
epitopes to the immune system,, which are required
for a protective humoral response [9].

Cross-reactivity of the anti-rNlpB
sera
The cross-reactivity of the sera generated by immu-
nizing mice with recombinant NlpB was examined in
whole-cell ELISA and bactericidal activity assays
against 3 heterologous strains with differing
serogroups, serotypes, serosubtypes and genotypes
and varying degrees of divergence in their nlpB gene
compared to the sequence found in strain CU385. The
antisera were able to recognize the natural protein
exposed in intact cells from all three strains in the
ELISA assay, as well as to mediate complement-de-
pendent bacterial killing with bactericidal titers from
1:8 to 1:64 in all the strains examined (Table 2). The
control samples from animals immunized with an un-
related protein (antigen P6 from Haemophilus
influenzae) did not show any reactivity in these as-

Figure 1. Strategy followed for obtaining the recombinant meningococcal NlpB (NMB0928) in E. coli. Expression vector pM238 [13]
contains the tryptophan promoter (pTrp), an N-terminal fusion tag derived from protein LpdA (P64k-47); the alpha fragment from beta-
galactosidase (LacZ’); a C-terminal hexahistidine tag (6xHis) and 2 multiple cloning sites (MCS), arranged for the simultaneous
expression of P64k-47 and LacZ’ from a single bicistronic mRNA, conferring a Lac+ phenotype to colonies transformed with the empty
vector. The sequence coding for NlpB was inserted between both MCS, eliminating LacZ’ and therefore changing the phenotype of the
resulting colonies to Lac-, which results in a change in color from blue to white in appropriate reporter plates that greatly facilitates the
selection of recombinants. NlpB was obtained as a fusion to the first 47 residues of P64k.
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says. Additionally, we were able to demonstrate the
presence of the NlpB gene product in all strains by
Western blot (data not shown) [9].

Conclusions
The findings here reported lead us to consider the
inclusion of this antigen into a meningococcal vaccine
preparation, given the degree of sequence conservation
of NlpB in the collection of strains studied. The
changes that were detected in the amino acid sequence
do not eliminate the cross-recognition of intact cells

from heterologous strains by the sera obtained by
immunization with NlpB, and the antibodies also have
bactericidal activity and protect against a
meningococcal challenge in the infant rat model. To be
considered a wide-spectrum vaccine candidate,
however, the evaluation of NlpB-specific antisera
should include a larger collection of meningococcal
strains. Such an investigation is currently underway
in our department not only for this antigen, but for
other proteins that have also generated protective
immunity in preclinical assays.

Table 2: Characterization of the cross-reactivity of the rNlpB antisera 
Strain characteristics 

Strain CU385 M982 B16B6 Z4181 

Phenotype B:4:P1.19,15 B:9:P1.22,9 B:2a:P1.5,2 C:2a:P1.5 

Type sequence (ET)a ST-33 (ET5 complex) ST-3790 (other) ST-11 (ET37 complex) ST-11 (ET37 complex) 

% sequence identity vs. NlpB in 
CU385 

100% 95% 96% 94% 

Evaluation of serum cross-reactivity 

 ELISAb SBAc ELISA SBA ELISA SBA ELISA SBA 

rNlpB-AlOH 15677 1:32 5456 1:32 4675 < 1:8 8077 1:64 

rNlpB-Freund 30017 1:64 ND 1:32 ND 1:8 4041 1:32 

rNlpB-liposomes 17393 1:16 ND 1:32 ND 1:8 4995 1:32 

LpdA-P6-Freund <100 < 1:8 <100 < 1:8 <100 < 1:8 <100 < 1:8 
a ET: Lineage according to their electrophoretic type 
b Whole-cell ELISA. The titers are expressed as the reciprocal of the highest dilution still doubling the optical density of the negative control. 
The values are the geometric mean for the complete group of 10 animals. 

ND: Not determined 
c Serum bactericidal activity (SBA) is expressed as the highest dilution of the serum that can decrease viable cell counts by 50%. The pre-
immune sera showed no bactericidal activity (< 1:8). 
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