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Former studies have shown that the class 5 outer membrane proteins (Opa and Opc proteins) of Neisseria
meningitidis are at least as immunogenic as meningococcal porin proteins. High antibody titers to class 5
proteins have been observed in sera obtained during convalescence after meningococcal infection. A strong
increase in anti-class 5 antibodies has also been observed in vaccinees who received a meningococcal outer
membrane vesicle preparation. The enhanced B-cell response to class 5 proteins may be due to the presence
of immunodominant helper T-cell epitopes in these proteins. In order to investigate this hypothesis, we tested
purified Opa, Opc, and class 1 proteins for recognition by human T cells. A hierarchy of T-cell immunogenicity
was observed among the outer membrane proteins, the Opa protein being more immunogenic than the other
proteins. In most cases, the proliferative responses elicited by Opc were higher than the responses observed for
the class 1 protein. The epitopes recognized by the immune T cells were identified by using overlapping
synthetic peptides spanning the protein sequences of OpaB, Opa5d, and Opc.

The major outer membrane proteins (OMPs) of Neisseria
meningitidis have been divided into five classes based on mo-
lecular weight and proteolytic peptides (25). The porin pro-
teins, class 1 (PorA) and class 2/3, are stably expressed by
virtually all meningococcal isolates, although a certain anti-
genic heterogeneity has been demonstrated (1, 5, 8, 11, 22, 29).
In addition, each meningococcal strain can contain three or
four opa genes encoding distinct Opa proteins and one opc
gene encoding the Opc protein, which together are referred to
as class 5 proteins (4, 9, 14). Opc (formerly 5C) proteins differ
from Opa in genetic regulation (19) and biochemical and im-
munological properties (2, 14). While variable regions of Opa
proteins result in size differences and immunological hetero-
geneity (4, 9), the Opc protein is of constant size and antige-
nicity (2, 14, 19).
The sequences of the Opa proteins can differ dramatically

among unrelated meningococcal strains, especially in the semi-
and hypervariable regions called SVR, HVR1, and HVR2 (4,
9). In addition, expression of these proteins is hypervariable,
and any one strain can express between none and all four of the
class 5 proteins for which it possesses genes (2, 3, 34). Because
of this high degree of variability, the clinical relevance of an-
tibodies directed to class 5 OMPs is expected to be limited,
whereas the more limited variability of class 1 proteins indi-
cates that bactericidal antibodies (20, 30, 31) to these proteins
may be more useful for protection against meningococcal dis-
ease. However, convalescent-phase sera reacted more strongly
with class 5 proteins than with class 1, 2, or 3 proteins (16), and
a strong increase in antibodies to class 5 proteins was also
observed in vaccinees who received a meningococcal outer
membrane vesicle preparation (12, 18, 30).

Individual class 5 proteins are not more surface exposed
than other membrane proteins and do not contain excessive
surface-exposed regions compared with other membrane pro-
teins. One possible explanation of the relative immunodomi-
nance of class 5 OMPs might be based on the fact that antibody
production by B cells is regulated by helper T cells which
recognize specific T-cell epitopes. Isotype switch, level of im-
munoglobulin (Ig) synthesis, Ig affinity maturation and the
induction of a secondary response are T-cell-dependent phe-
nomena. Hence, the enhanced B-cell response towards the
class 5 proteins may be due to the presence of immunodomi-
nant T-cell epitopes effectively activating helper T cells.
In order to investigate the relative immunodominance of

class 5 proteins, we tested purified Opa and Opc proteins as
well as synthetic peptides derived from class 5 protein se-
quences for recognition by T cells obtained from the peripheral
blood of human volunteers. Previously, this approach has been
applied successfully to identify T-cell epitopes occurring in the
meningocococcal class 1 OMP (32).

MATERIALS AND METHODS

Volunteers. A group of 18 healthy adults (29 to 55 years old) with negative
anamnesis results for meningococcal disease participated in this study. The
volunteers were not selected on a particular basis. Peripheral blood mononucle-
ated cells (PBMC) obtained from these individuals demonstrated a positive
proliferative response to one or more of the purified OMPs (see below). The
high frequency of donors with positive T-cell responses to the OMPs in a normal
population is likely to be caused by repeated immunization by asymptomatic
infections. This explanation is supported by the fact that antibodies directed
against various meningococcal antigens (Ags) such as OMPs and lipopolysac-
charide (LPS) were present in the serum of all volunteers.
Human leukocyte antigen (HLA) typing of the volunteers was performed by

the standard National Institutes of Health lymphocytotoxicity test for HLA-ABC
and by the propidium iodide method for HLA-DR and DQ, using well defined
sets of alloantisera and monoclonal antibodies (MAbs) (33).
Peptide synthesis. The peptides used in this study were assembled with an

AMS 422 simultaneous multiple peptide synthesizer equipped with a 48-column
reaction block (ABIMED Analysen-Technik, Langenfeld, Germany) as de-
scribed earlier (32) except that Fmoc-Trp(Boc)-OH (Na-fluorenylmethoxy-
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carbonyl-Nin-tert-butyloxycarbonyl-L-tryptophan) was used instead of Fmoc-
Trp-OH (Na-fluorenylmethoxycarbonyl-L-tryptophan). Peptides with N-acetylated
N termini and amidated C termini (uncharged) were prepared at the 10-mmol
scale. Three series of 18-mer peptides overlapping by 12 amino acids were
assembled, spanning the OpaB (9), Opa5d (4), and Opc (GenBank M80195)
protein sequences. The peptides belonging to a particular protein were assem-
bled simultaneously. The purity of all peptides was determined by reverse-phase
high-pressure liquid chromatography (HPLC) analysis and was generally found
to be 85 to 95% and occasionally lower (50 to 85%). The crude peptides were
used in immunological experiments. To obtain stock solutions, the peptides were
dissolved in 200 ml of 6 M urea–Tris (pH 7.0) and diluted with culture medium
(32) to a concentration of 2 mM. In the immunological experiments, a final
peptide concentration of 6 mM was used.
OMPs. The Opc (GenBank M80195), OpaB (GenBank U03406), and OpaF

proteins were purified from meningococcal outer membranes as described pre-
viously (2). Opa5d (GenBank X63110) was originally isolated from strain
FAM18, a serogroup C ET-37 complex bacterium (4). The class 1 OMP was
purified (17) from strain HIII-5, a mutant of reference strain H44/76 (B:15:
P1.7,16), lacking the class 2/3 OMP (24). To obtain stock solutions, the proteins
were dissolved in 1 ml of 6 M urea–Tris (pH 7.0). Prior to the experiments, the
proteins were diluted with culture medium to a final concentration of 0.25 mg per
well.
Proliferation assays. Freshly isolated PBMC (105 per well) were cultured in

the absence or presence of antigen in 96-well round-bottomed microculture
plates (final volume, 150 ml per well) as described before (32). After 5 days, the
cultures were pulsed with 0.5 mCi of [3H]thymidine. Sixteen to 18 h later, all 96
wells were harvested simultaneously with a 96-well sample harvester (Pharmacia/
LKB, Turku, Finland). The complete filters containing 96 spots were placed in
plastic bags. Scintillation liquid (Pharmacia/LKB) was added, and the bags were
sealed. Radioactivity incorporated into DNA was determined with a Pharmacia/
LKB 1205 Betaplate counter. The results obtained with six replicate cultures are
expressed as the stimulation index (SI), which was calculated as the ratio of
counts per minute (cpm) obtained in the presence of Ag to the cpm obtained in
the absence of Ag (medium alone).

RESULTS

T-cell recognition of Opa, Opc, and class 1 proteins. PBMC
were obtained from 18 randomly selected healthy individuals
whose sera possessed antibodies to purified class 1 OMP and a
various number of class 5 proteins (Opc, OpaA, OpaB, OpaD,
OpaF, or OpaG; data not shown). Such antibodies might re-
flect a response to intermittent asymptomatic infections (car-
riage). Proliferative T-cell responses to meningococcal OMPs
were observed in most donors. This observation is in accor-
dance with previous experiments performed in our laboratory.
When lymphocytes from about 40 people were tested for T-cell
recognition of meningococcal membrane proteins, a response
to one or more OMPs was observed for most of the volunteers.
PBMC from most donors demonstrated higher proliferative

responses to purified OpaB or OpaF proteins than to the Opc
or P1.7,16 class 1 protein (Table 1). In many cases, similar
proliferative responses were observed to both Opa variants.
The responses recorded for the Opc protein were usually
higher than those for the class 1 OMP. Average SIs detected
for the OpaB, OpaF, Opc, and P1 proteins were 20, 17, 8.5, and
6, respectively. Using the Student t test for paired samples
(with P, 0.05 being significant), the hypotheses OpaB. P1 (P
5 0.007), OpaF . P1 (P 5 0.009), OpaB . Opc (P 5 0.04),
and OpaF . Opc (P 5 0.046) were significant. The hypothesis
Opc . P1 (P 5 0.31) has to be rejected.
Identification of T-cell epitopes occurring in meningococcal

class 5 proteins. Figures 1, 2, and 3 show the amino acid
sequences of the overlapping peptides derived from the DNA
sequences encoding the OpaB (9), Opa5d (4), and Opc (14)
proteins, respectively. The two Opa proteins demonstrate sig-
nificant heterogeneity, particularly within the semivariable re-
gion and the two hypervariable regions (the differences are
underlined in the Opa5d sequence shown in Fig. 2). The last
C-terminal amino acid residues of the Opa proteins are iden-
tical, and the synthetic peptides corresponding to this part of
the sequence (Opa5d peptides 32 to 35) were only prepared
once.

Schematic diagrams of the proliferative responses obtained
with PBMC from HLA-typed immune adults to the series of
overlapping peptides spanning the OpaB, Opa5d, and Opc
proteins are presented in Fig. 4. A positive response to one or
more Opa and Opc peptides was recorded with PBMC from
most donors, and virtually all peptides were recognized by
PBMC from at least one donor. Peptides derived from OpaB
and Opa5d that differed by only a single amino acid yielded
significantly different responses in many cases. Unfortunately,
Opa5d was not available in a purified form, and no data on
T-cell recognition of this protein are available. No significant
T-cell proliferation was seen to the Opc protein or to the
peptides derived therefrom with PBMC from some volunteers
(donors 1, 15, and 16).
A stacked bar diagram representing a compilation of the

positive responses that were observed to each of the OpaB-
derived peptides is shown in Fig. 5. It is interesting that many
positive responses were recorded for peptides occurring out-
side the hypervariable regions of the Opa protein (e.g., pep-
tides 6 to 12 and 24 to 29). Likewise, significant proliferation
was observed to peptides corresponding to relatively conserved
regions of the Opa5d protein (i.e., peptide 19 to 23 [Fig. 4,
middle]).
Overlapping peptides (20-mers with 12 overlapping amino

acid residues) spanning the meningococcal class 1 OMPs have
been assembled and tested for T-cell recognition previously
(32). In order to compare the immunogenicity of the various
OMPs at the molecular level, the P1 peptides were tested in
the current study as well (data obtained with PBMC from the
individual donors are not shown). A summary of the peptide-
specific T-cell responses is presented in Table 2. The number
of positive responses ranged from 21 to 37% of the total
number of tests performed. The percentage of positive re-
sponses with an SI . 10 was higher for the Opa peptides than
for either the Opc or the class 1 OMP peptides.

TABLE 1. Proliferative response of PBMC to purified class 5
and class 1 OMPsa

Donor
HLA phenotype Response to purified protein (SI)

DR DQ OpaB OpaF Opc P1.7,16

1 4,10 5,8 3 2 ,1 3
2 12(5),13(6) 6,7 8 8 5 2
3 3,7 2 20 23 30 7
4 15(2),13(6) 6 23 10 20 2
5 11(5),7 2,7 15 15 5 9
6 11(5),10 5,7 33 28 5 7
7 16(2),11(5) 5,7 4 16 5 2
8 15(2),4 1,8 13 18 6 3
9 15(2),9 NTb 16 13 10 1
10 15(2),8 4,6 18 14 6 4
11 15(2) NT 29 18 14 2
12 11(5) 7 93 74 4 4
13 3,7 2 10 11 10 5
14 1,13(6) 5,6 20 20 11 9
15 3,12(5) 2,7 11 11 2 2
16 1,3 2,5 1 2 1 ,1
17 2,7 NT 5 7 14 4
18 1,7 5,9 45 23 6 38

a PBMC were incubated with the OMPs (0.25 mg per well) for 6 days. Prolif-
eration was measured as indicated in Materials and Methods. Results of three
replicate cultures are presented as the SI, which was calculated as (experimental
cpm1 Ag)/(control cpm2 Ag). Background proliferation was 50 to 200 cpm for
donors 4, 6, 7, 8, 9, 12, 14, 15, and 18, 200 to 800 cpm for donors 1, 3, 5, 10, 11,
13, and 17, and 800 to 3,000 cpm for donors 2 and 16.
b NT, not tested.
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DISCUSSION

Purified meningococcal class 5 (Opa and Opc) proteins and
a class 1 protein were tested for recognition by T cells isolated
from the peripheral blood of 18 volunteers. Surprisingly, most
of the donors demonstrated positive responses to the OMPs.
The volunteers were healthy individuals with negative anam-
nesis results for clinical meningococcal disease. The high fre-
quency of positive T-cell responses to the OMPs is likely to be
caused by repeated immunization by asymptomatic infections.
This explanation is supported by the fact that antibodies di-
rected against various meningococcal antigens such as OMPs
and LPS were present in the serum of these volunteers.
The comparative analysis of T-cell responses to meningo-

coccal OMPs revealed an interesting hierarchy in T-cell immu-
nogenicity, the Opa proteins being the most immunogenic,
followed in most cases by the Opc and then the class 1 protein.
T-cell recognition of meningococcal strain H44/76 class 3 OMP
has been investigated in a previous study (33). Although higher
protein concentrations were used in that study, the class 3

protein elicited much lower responses than the class 1 protein
purified from that strain. Thus, the relative T-cell immunoge-
nicity of the meningococcal OMPs observed so far can be
summarized as follows: Opa . Opc $ class 1 . class 2/3.
Although only few purified proteins have been tested, this
order may apply to other Opa and class 1 proteins as well.
Class 1 and Opa proteins from different strains demonstrate a
high degree of sequence homology with the exception of two
hypervariable regions (8, 9, 11, 22, 24). Interestingly, the dom-
inant T-cell epitopes were predominantly found to occur in
conserved regions of the Opa proteins (see below).
So far, no studies in which Opc and other class 5 proteins

have been compared for immunogenicity have been published.
However, convalescent-phase sera reacted more strongly with
class 5 proteins than with class 1, 2, or 3 proteins (16), and a
strong increase in antibodies to class 5 proteins was also ob-
served in vaccinees who received a meningococcal outer mem-
brane vesicle preparation (18, 30). The outcome of surface
Ig-initiated B-cell activation is strongly dependent on the
helper signals provided by major histocompatibility complex
(MHC) class II-restricted CD41 T helper 2 cells. Hence, the
significant T-cell immunodominance of the Opa proteins pre-
sents an attractive explanation for the high antibody titers to
these proteins observed upon immunization or convalescence.
It is unlikely that the relative prevalence of Opa-directed an-

FIG. 1. Amino acid sequence of the OpaB class 5 protein of serogroup A,
subgroup IV-1 of N. meningitidis (9). Synthetic 18-mer peptides overlapping by
12 residues are indicated with their code numbers. The 192 to 232 region occurs
in the Opa5d protein as well. The synthetic peptides corresponding to this
sequence were assembled only once and included in the Opa5d series (i.e.,
peptides Opa5d 32 to 35; see Fig. 2). The semivariable and hypervariable regions
(SVR and HVR, respectively) are indicated above the protein sequence.

FIG. 2. Amino acid sequence of the Opa5d class 5 protein of serogroup C,
ET-37 complex of N. meningitidis (4). The amino acid residues that differ be-
tween the Opa5d and OpaB proteins are underlined. See Fig. 1 legend for
details.
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tibodies is due to qualitative or quantitative dominance of the
B-cell determinants present on these proteins. The class 1,
class 2/3, and class 5 proteins all possess surface loops contain-
ing recognizable B-cell epitopes (2, 13, 14, 26). Gel electro-
phoresis of meningococcal outer membranes usually reveals
expression of Opa proteins in amounts that are smaller than or
equal to the amounts of class 1 and class 2/3 proteins. Addi-
tional experiments are required to support the conclusion that
the high antibody titers to the Opa proteins are indeed due to
T helper cells, predominantly activated by Opa-specific T cells.
Verification of this hypothesis in vaccinees or reconvalescents
represents an alternative. Furthermore, the analysis of cyto-
kine profiles in supernatants of T lymphocytes, preferably T-
cell clones, activated with the various meningococcal OMPs or
peptides derived therefrom may provide evidence for the ex-
istence of immunomodulation of the B-cell response by Opa-
specific T cells.
Specific Opa proteins may play a role in invasion of epithe-

lial cells, whereas Opc is involved in adhesion and invasion of
both epithelial and endothelial cells (27, 28). Although specific
antibodies might prevent invasion (23, 27) as well as being
bactericidal (18), antibodies stimulated by carriage are unlikely
to be protective against disease caused by other meningococci

because of the high degree of sequence variability of Opa
proteins. Furthermore, all these proteins are subject to phase
variation (3, 15, 23, 34), which enables the bacteria to avoid
antibody binding. Thus, the contribution of such antibodies to
protection against meningococcal disease would probably be
limited.
The epitopes recognized by the class 5 protein-directed T

cells were identified by using overlapping synthetic peptides
spanning the sequences of the OpaB, Opa5d, and Opc proteins
(Fig. 4). The responses of the donors appeared to be very
diverse, which in part reflects the polymorphism of the HLA
molecules involved in presentation of the peptides to the im-
mune T cells. Furthermore, meningococcal immune status
seemed to vary among the donors. There is not always a cor-
relation between T-cell proliferation to a purified protein and
overlapping synthetic peptides encompassing that protein. For
example, in the case of OpaB, this phenomenon was clearly
observed for cells from donors 5 and 14; significant responses
to the purified protein were observed, whereas proliferation to
the overlapping peptides was weak or absent, respectively.
Failure in peptide synthesis is not likely to be responsible for
these paradoxical results. The purity of all peptides was deter-
mined by reverse-phase HPLC analysis and was usually found
to be 85 to 95%. For a number of peptides, the identity was
confirmed by fast atom bombardment mass spectrometry. Fur-
thermore, virtually all peptides elicited a response in lympho-
cytes from one or more other volunteers, which provides ad-
ditional evidence for the capacity of the peptides to induce
T-cell proliferation. Alternatively, it is unlikely that minute
contaminations in the protein preparations are inducing the
T-cell proliferation. The possibility of aspecifically induced
polyclonal T-cell proliferation, such as can be elicited by T-cell
mitogens or superantigens, is also not very likely, because
lymphocytes from some individuals do not respond to a par-
ticular meningococcal protein. As an additional control for the
antigen specificity of the T-cell responses, proliferation exper-
iments were performed with lymphocytes isolated from cord
blood. With these ‘‘naive’’ cell populations, no proliferation to
the OMPs or any of the synthetic peptides used in this study
was observed (results not presented).
Perhaps the mechanism explaining the paradox is related to

a loss of T-cell epitopes sensu strictu. Although most peptides
induce T-cell proliferation, a loss of certain T-cell epitopes that
are present in the parental protein cannot be ruled out. A
possible explanation for unresponsiveness to a particular T-cell
epitope is an unfortunate choice of overlapping sequences of
adjacent peptides. The overlapping sequence may not actually
encompass the entire epitope, i.e., may lack one or more cru-
cial residues. Also, the termini of a synthetic peptide may
interfere with MHC and/or T-cell receptor interaction, thus
prohibiting T-cell recognition of a sequence that would have
been accessible if derived from the original protein by natural
processing. Alternatively, proteolytic cleavage sites may be
more easily accessible in the synthetic peptide than in the
intact protein, leading to rapid degradation of the synthetic
peptide.
A summary of the T-cell responses observed to the peptides

is presented in Table 2. The results obtained with a series of
overlapping synthetic peptides spanning the meningococcal
class 1 OMP have been included in this overview. The prolif-
erative responses observed to the P1-derived peptides in the
current study were comparable to those observed previously
(32) (data not shown). Since virtually all class 5 and class 1
OMP-derived peptides were recognized, it is unlikely that the
dissimilar T-cell immunogenicity of the various proteins is due
to the number of T-cell determinants occurring in the protein

FIG. 3. Amino acid sequence of the Opc protein ofN. meningitidis (GenBank
accession number M80195). Note that the C-terminal amino acids differ from the
sequence in reference 14 for reasons explained in reference 19. The C-terminal
phenylalanine was not included in the peptides synthesized.
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FIG. 4. (Top) Schematic diagram of the proliferative responses obtained with PBMC from HLA-typed immune adults to 41 overlapping peptides spanning the
meningococcal OpaB protein (Fig. 1). The HLA-DR and DQ phenotypes of the donors are shown in Table 1. The results of six replicate cultures are presented as the
SI, which was calculated as (experimental cpm 1 Ag)/(control cpm 2 Ag). Open boxes, SI , 3; lightly shaded boxes, SI 5 3 to 5; darkly shaded boxes, SI 5 5 to 10;
solid boxes, SI . 10. Background proliferation was 50 to 200 cpm for donors 4, 6, 7, 8, 12, and 18, 200 to 800 cpm for donors 1, 3, 9, 10, 11, 13, and 17, and 800 to
3,000 cpm for donors 2, 5, 14, 15, and 16. PBMC from donor 11 were not tested with these peptides. (Middle) Diagram of the proliferative responses observed for 37
overlapping peptides spanning the meningococcal Opa5d protein (Fig. 2). Background proliferation was 50 to 200 cpm for donors 4, 6, and 12; 200 to 800 cpm for donors
3, 7, 9, 11, 13, 16, 17, and 18; and 800 to 3,000 cpm for donors 1, 2, 5, 8, 10, 14, and 15. (Bottom) Proliferative responses to 40 overlapping peptides spanning the Opc
protein (Fig. 3). Background proliferation was 50 to 200 cpm for donors 4, 6, 7, 8, 9, 12, 14, 15, and 18; 200 to 800 cpm for donors 1, 3, 5, 10, 11, 13, and 17; and 800
to 3,000 cpm for donors 2 and 16.
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sequences. However, the magnitude of the proliferative re-
sponses observed appeared to be very high for certain Opa
peptides. An SI of$10 occurred for 8% of the total number of
tests performed with the Opa peptides, whereas only 1% of the
tests with Opc peptides and 3% of the tests with P1 peptides
elicited an SI of $10.
The enhanced T-cell proliferation observed for the purified

Opa proteins and some of the peptides derived therefrom can
be explained in several ways. Opa-specific T cells may be
present in the peripheral blood at relatively high frequencies.
To be recognized by helper T cells, antigenic determinants
have to be presented by MHC class II molecules occurring on
the antigen-presenting cells. Hence, the Opa-induced prolifer-
ative response per se may also be enhanced by efficient uptake,
processing, and presentation by the antigen-presenting cells.
The stability of the peptide-MHC interaction depends on the
presence of proper amino acid residues in the antigenic pep-
tide to enable binding into pockets defined by polymorphic
residues along the class II binding site (7, 21). It is possible that
the constant regions of the Opa protein have been selected for
the presence of MHC-binding sequences which are presented
to helper T cells efficiently. It seems likely that meningococci,
for which humans are the only habitat, have adapted their
OMPs to the human MHC in such a way that the least vulner-
able proteins induce the highest immune response. Indeed,
many positive responses were recorded for Opa peptides cor-

responding to conserved regions of the protein (Fig. 5). Fi-
nally, the immune response to the class 5 proteins might be
modulated aspecifically, e.g., in an MHC-unrestricted fashion.
Immunodominant T-cell epitopes derived from conserved

regions of Opa proteins might be useful in the development of
a meningococcal vaccine. However, in order to avoid geneti-
cally determined unresponsiveness to the vaccine, T-cell deter-
minants that could be recognized in the context of the vast
majority of MHC class II haplotypes should be incorporated. A
highly polymorphic collection of HLA-DR and DQ gene prod-
ucts was expressed by the volunteers participating in this study.
Several Opa peptides were found to be widely recognized, i.e.,
the OpaB peptides 6 to 8, 10 to 13, and 24 to 29 and the Opa5d
peptides 19 to 23. The OpaB region from 124 to 147 and the
homologous Opa5d region from 116 to 133 were capable of
activating T cells obtained from all donors tested. Interestingly,
these peptides correspond to sequences that are located out-
side the hypervariable regions (4, 9). Consequently, these T-
cell epitopes may well be conserved among different meningo-
coccal strains, indicating that they are likely to be common T
helper antigenic sites.
The T-cell epitopes identified, in combination with B-cell-

neutralizing determinants, may be useful in the development
of a synthetic or recombinant meningococcal vaccine. Syn-
thetic peptides encompassing such epitopes can be applied in
B- and T-cell epitope-containing conjugate vaccines. The B-
cell epitopes may be derived from the highly protective class 1
OMP, e.g., cyclic synthetic peptides mimicking protective
epitopes occurring on surface loops (10). Furthermore, the
T-cell epitopes can be conjugated with LPS-derived B-cell
epitopes, e.g., inner core-derived oligosaccharides (6). Using
this approach, a T-dependent B-cell response to these origi-
nally T-independent carbohydrate antigens may be elicited.
Alternatively, immunodominant T-cell determinants derived

from class 5 proteins might be used to enhance the immuno-
genicity of outer membrane vesicle vaccines (molecular adju-
vation). Membrane-spanning sequences of class 1 OMPs might
be replaceable by more immunogenic class 5 sequences by
genetic engineering, without disturbing the conformation of
the class 1 protective surface loops.
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