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Immunization of mice with synthetic peptide fragments of conservative sites of menin-
gococcal outer membrane proteins led to defense formation against infection with
virulent serogroup A and B Meningococci. The role of cellular immunity in the forma-
tion of defense against meningococcal infection after immunization with the peptides
and the possibility of stimulating lymphocyte population with these peptides were
demonstrated.
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The absence of available effective vaccines protec-
ting from meningitis caused by serogroup B (MC-
B) meningococci (MC) is a result of insufficient
knowledge of the mechanisms of immunity for-
mation in this infection. Understanding of cellular
mechanisms underlying defense formation against
MC and responsible for immunological memory is
essential for the creation of effective complex vac-
cine. The use of synthetic peptide fragments of
main MC surface membrane proteins characterized
by high protective activity and belonging to con-
servative MC sites is a promising trend in the crea-
tion of new-generation vaccines. The data on the
role of cell populations in the response to peptide
fragments of MC surface proteins and in the for-
mation of immunological memory are scanty and
contradictory [4-8].

We carried out a comparative study of the me-
chanisms of postinfection and postvaccinal immu-
nity in mice infected with MC-B.

MATERIALS AND METHODS

The animals were immunized with peptide frag-
ments of MC outer membrane proteins synthesized
at Laboratory for Protein Synthesis, M. M. She-
myakin and Yu. A. Ovchinnikov Institute of Bio-
organic Chemistry [2]. All peptides contained pro-
tein sequences exhibiting activity in experimental
stimulation of human blood T cells in vitro [9].

Protective activity of peptide fragments of MC-
B outer membrane proteins was studied on the mo-
del of mouse infection with live virulent MC cul-
ture [3]. The peptides exhibited pronounced pro-
tective activity in experiments on mice with direct
infection with live virulent cultures of not only va-
rious MC-B strains, but also MC-A and MC-C
strains [3].

Donor CBA/La/Sto mice were immunized with
synthetic peptide fragments of proteins subcuta-
neously in a single dose of 100 µg peptide with
complete Freund’s adjuvant (FA) or twice at 45-day
interval, the second immunization with incomplete
FA (immune mice). The other group of animals was
intraperitoneally immunized with MC-B strain H44/
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76 in a sublethal dose of 0.25×106 bacterial cells/
mouse (convalescent mice). Control mice received FA
according to the same protocol as immune mice.

The role of cellular immunity was studied by
the method of adoptive transfer [1]. One month
after immunization with the peptide or bacterial in-
fection, lymphocytes were isolated from mouse
spleen, thymus, and lymph nodes (inguinal, pop-
liteal, and mesenteric, Fig. 1) in sucrose density
gradients (concentrations 20, 40, and 60%). The
population of T cells was isolated by negative selec-
tion as a result of macrophage adsorption on plastic
and removal of B cells (panning) [1]. The content
of viable lymphocytes in the suspension was 98%.

In experimental series I, recipient mice intra-
venously received total lymphocyte suspension in
a dose of 20×106 cells/mouse. Group 1 mice (n=21)
received cell suspension from convalescent mice,
group 2 mice (n=30) from immune mice, and group
3 (n=21) mice from controls. After 24 h, the  mice
were infected with MC-B strain H44/76 in doses of
0.25, 2.5, and 25×106 cells. Animal mortality, LD50,
and efficiency index (EI; ratio of LD50 in the ex-
perimental and control groups) were evaluated.

In series II, recipient mice received lympho-
cytes from convalescents and controls in a concen-
tration of 14×106 cells. T cells from convalescents
in doses of 7×106 and 14×106 cells/mouse and from
mice immunized with peptides 273-292 and 306-
332 in a dose of 7×106 cells were transferred. The
concentration of 7×106 was selected from the ratio
of T lymphocytes in injected suspension of total
lymphocytes. The mice were then infected similarly
as in series I. Four hours after infection, the blood was
collected from the retroorbital sinus and inoculated in
dishes with solid nutrient medium. The level of bac-

teremia evaluated by the number of CFU in the blood
after infection in comparison with the control ser-
ved as the index of protection from MC.

In series III, we evaluated the effect of the time
of lymphocyte transfer on animal death and CFU
level. Experimental mice were injected with lym-
phocytes from immune mice 24 h before infection
and directly during challenge (in a mixture of MC-
B strain H44/76; 2.5 and 25×106 cells/mouse). Con-
trol animals received lymphocytes from control mice.
The protective effect was evaluated by the number of
CFU in comparison with the control, by the number
of survivors on day 5 after infection, and by LD50.

The data were statistically processed using Pro-
bit Analysis software.

RESULTS

Lymphocyte population from lymph nodes did not
protect mice from infection (EI=1), while splenic
and thymic lymphocytes protected mice from MC
infection (EI 27.6±3.1 and 7.1±4.3, respectively).
Hence, splenic lymphocytes served as the source
of immunocompetent cells in studies of the me-
chanisms of formation of defense against MC in-
fection.

Immunization with peptide 306-332 protected
donor mice from MC-B infection, its efficiency was
close to the protection in convalescents. Similar re-
sults were obtained after transfer of immune lympho-
cytes to groups 1 and 2 recipient mice (Table 1).

Transfer of lymphocytes simultaneously with
bacteria provided better (50%) protection of reci-
pients than transfer of cells 24 h before infection
(30% protection, Table 2). These data attest to di-
rect involvement of immune lymphocytes isolated

TABLE 1. Comparison of Protective Effects of Lymphocytes from Immune and Convalescent Donor and Recipient Mice
(M±m)

Donor mice

convalescents 15/20* 6/20 0/20 21/60 6.78±1.00* 45

immune 14/20 5/20 3/20 19/60 7.87±1.00* 52

controls 20/20 5/20 11/20 36/60 0.15±1.10 1

Recipient mice

1 3/7 1/7 0/7 4/21 37.7±1.9+ 10.8

2 6/10 4/10 0/10 10/30 17.6±2.2+ 5

3 5/7 4/7 1/7 10/21 3.5±1.1 1

Note. Numerator: number of dead mice; denominator: infected mice. p<0.05 compared to: *controls; +group 3.

Group EI
LD

50
, ×106

bacterial cells
Sum

0.252.525

Mortality after MC infection
in a dose of 106 bacterial cells
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TABLE 2. Relationship between the Time of Lymphocyte Transfer and Protection from MC Infection

Control 24 h before MC�B 10/10 10/10 0

Experimental Together with MC�B 8/10 2/10 50

24 h before MC�B 10/10 4/10 30

Group Protection, %
2.525

Infective dose, 106 bacterial cells
Time of lymphocyte

transfer

Fig. 1. Protective characteristics of lymphocytes from immune mice
against MC-A infection. 1) peptides 118-143; 2) 273-292; 3) 306-
332; 4) 346-363; 5) 30-51; 6) 131-150; 7) 40-62.

Fig. 2. Protection of recipients mice receiving T cells from MC-B
infection. Recipients received 14×106 summary splenic lymphocytes
from control animals (1), 14×106 summary splenic lymphocytes
from convalescents (2), 14×106 T-lymphocytes from convalescents
(3), 7×106 T-lymphocytes from convalescents (4), 7×106 T-lym-
phocytes from mice immunized with peptide 273-292 (5), 7×106

T-lymphocytes from mice immunized with peptide 306-332 (6).

These data suggest to that the selected peptide frag-
ments are highly conservative and can be used for
the creation of polyvalent immunity against MC
infection of different etiology.

The role of T lymphocytes in protection from
MC was evaluated in mice immunized with syn-
thetic peptide fragments 273-292 and 306-332 cor-
responding to conservative sites of MC PorA pro-
tein and in convalescents after MC-B (strain H44/
76) infection. Transfer of summary splenic lym-
phocytes from convalescent donors in a dose of
14×106 cells/mouse ensured 58% protection of reci-
pient mice from MC in comparison with the control
group (Fig. 2). Transfer of T lymphocytes in this
dose provided similarly high protection of recipient
mice (60%). Decreasing the concentration by 2 times
reduced mouse protection to 30%. The protection
of recipient mice after transfer of T lymphocytes
from immune mice was also 30%.

These data confirm direct involvement of T
cells in the defense from MC infection in mice re-
ceiving lymphocytes from convalescents and im-
mune animals.

The study was supported by the Russian Foun-
dation for Basic Research (projects No. 06-04-48920
and 06-04-08124-ofi).
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1 month after immunization into protection of mice
from MC infection.

Lymphocytes from donor mice isolated on day
30 after double immunization with peptide frag-
ments of PorA and NspA proteins protected reci-
pient mice also from MC-A strain A208 (Fig. 2).
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