Subcellular fractions of Brucella ovis distinctively induce the production
of interleukin-2, interleukin-4, and interferon-y in mice
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Abstract

The aim of this study was to evaluate the effect of 3 Brucella ovis subcellular protein fractions: Outer membrane (OMP), inner
membrane (IMP), and cytoplasm (CP), on cellular immune response by in vitro production of interleukin (IL)-2, IL-4, and inter-
feron (IFN)-v. Each fraction was inoculated 3 times into Balb/c mice, primary cultures of mice spleen cells were done, and these
were then stimulated with the fractions. Culture supernatants were collected at 24, 48, 72, 96, and 120 h postinoculation. Cytokine
concentration was measured by Duoset-enzyme-linked immunosorbent assay (ELISA). The OMP fraction induced highest
cellular immune response of 1000 pg/mL of IL-2 at 24 h, which decreased to < 100 pg/mL by 96 h. The IL-2 response for the
IMP fraction was low at 24 h, but exceeded that of the OMP fraction at 72, 96, and 120 h. The CP showed a poor IL response.
Regarding the IFN-y production, OMP and IMP induced a high response at 120 h. These results open the possibility for the use
of B. ovis outer and inner membrane proteins as a subcellular vaccine.

Résume

L’objectif de I'étude était d’évaluer 'effet de 3 fractions sub-cellulaires de Brucella ovis, 4 savoir les protéines de la membrane externe
(OMP), les protéines de la membrane interne (IMP), et le cytoplasme (CP), sur la réponse immunitaire cellulaire en déterminant la produc-
tion in vitro d’interleukine (IL)-2, IL-4 et d’interféron (IFN)-y. Chaque fraction a été inoculée 3 fois dans des souris Balb/c, des cultures
primaires de cellules de rates de souris ont été faites, et celles-ci stimulées avec les fractions. Les surnageants de culture ont été récoltés 24,
48,72, 96 et 120 h post-inoculation. Les concentrations de cytokines ont été mesurées a 'aide de la méthode ELISA-Duoset. La fraction
OMP a induit la plus forte réponse immunitaire cellulaire, 1000 pg/mL d'IL-2 apres 24 h avec réduction a > 100 pg/mL aprés 96 h. La
production d’'IL-2 induite par la fraction IMP était faible a 24 h, mais dépassait celle de la fraction OMP a 72, 96, et 120 h. La fraction CP
n’a induit qu’une faible production d’IL. En ce qui a trait a la production d’IFN-y, les fractions OMP et IMP ont induit une forte réponse
4 120 h. Ces résultats laissent entrevoir la possibilité dutiliser les OMP et IMP de B. ovis comme vaccin sub-cellulaire.

(Traduit par Docteur Serge Messier)

however, dead cells or cellular fractions induce IL-4 (3). Furthermore,

Introduction

Brucella ovis is the etiological agent of contagious ram epididimi-
tis, a disease of worldwide distribution that is sexually transmitted
in the ovine (1). The disease is characterized by a decrease in fertil-
ity (2).

The T lymphocytes are differentiated in 2 subclasses, Th1 and Th2.
The subclass Th1 mainly secretes interleukin (IL)-2, interferon (IFN)-y,
and tumor necrosis factor (TNF)-B, which participate in cell-
mediated immunity (CMI); whereas subclass Th2 secretes IL-4, IL-5,
IL-6, and IL-10, promoting a humoral immune response. In addition,
there are other cytokines shared by both Th subclasses. It has been
reported that B. abortus living cells induce the production of IFN-y;

immune response to B. abortus depends on the macrophage activa-
tion mediated by antigen-specific T-cells (4).

Cellular immune response is crucial for the host defense against
intracellular bacteria. Listeria monocytogenes, Mycobacterium tubercu-
losis, and B. abortus have been used to study the bacteria-induced
cellular immune response of the host (5). There are only a few stud-
ies related to the ovine or murine cellular immune response induced
by B. ovis (6).

The aim of this study was to evaluate the induction of cytokines
IL-2, IL-4, and IFN-y production, as well as the delayed type hyper-
sensitivity, both stimulated by B. ovis subcellular fractions in the
murine model.
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Materials and methods

Bacterial strain

Brucella ovis REO198 was maintained on Brucella agar
(BA; Beckton-Dickinson, Franklin Lakes, New Jersey, USA), at
37°C.

Subcellular fractions

Subcellular fractions were obtained according to the method
described by Morton (7), with some modifications. Bacteria grown
on BA were suspended in 10 mM HEPES (Sigma Chemical Company,
St. Louis, Missouri, USA), pH 7.2; centrifuged at 1000 X g for 30 min;
and the pellet washed twice and resuspended in 10 mM HEPES
containing 0.1 M phenyl-methyl-sulphonyl-fluoride (PMSF), 0.1 M
p-hydroxy-mercury-benzoate (PHMB), and 3% ethylenediamine-
tetraacetic acid (EDTA). Cells were sonicated by 6 cycles of 1 min
in a Vibra-cell (Sonics, Newtown, Connecticut, USA), and cellular
detritus was removed by centrifugation at 10 000 X g for 20 min.
The supernatant was centrifuged at 150 000 X g for 1 h; the new
supernatant contained the cytoplasmic proteins (CP), and the pel-
let contained the total membranes. These membranes were resus-
pended in 10 mM HEPES with 1% (w/v) sodium N-lauryl-sarcosine
and agitated for 30 min at 37°C (8). They were then centrifuged at
150 000 X g for 1 h. The pellet contained the outer membrane pro-
teins (OMP), whereas the inner membrane proteins (IMP) were in
the supernatant. The purity of the OMP was verified by the pres-
ence of lipopolysaccharides (LPS) by limulus amebocyte lysate
(LAL) test (QCL-1000 Chromogenic Limulus Amebocyte Lysate;
Bio-Whittaker, East Rutherford, New Jersey, USA) (9). The OMP
were recovered according to the method of Wessel and Fliigge (10).
The IMP and CP were separately precipitated overnight with cold
ethanol 1:4 (v/v) at 4°C. They were then centrifuged at 1000 X g
for 20 min and the sediment dried by air flow and kept frozen until
used. Protein concentration was determined by using the method by
Bradford (11).

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and immunoblotting

Proteins of each subcellular fraction were separated by 15% SDS-
PAGE (12). They were transferred (13) to 0.45 pm nitrocellulose mem-
branes (Gibco Laboratories, Carlsbad, California, USA). To identify
immunogenic proteins, an antiserum against B. ovis REO198 was used,
as mentioned below. As a secondary antibody, a peroxidase-linked
goat serum against rabbit immunoglobulin (Ig)G, was used (diluted
1:1000) (Sigma Chemical Company).

Rabbit antiserum against B. ovis

Two New Zealand rabbits were injected, IM, with whole B. ovis
cells (1.5 X 10® colony forming units [CFU]) in saline solution,
initially with Freund’s complete adjuvant, and after 20 d with
Freund’s incomplete adjuvant. After 7 d, they were inoculated
3 times with cells without adjuvant, using the same route, at
1 wk intervals. The titers were determined by double immuno-
diffusion using a hot saline (HS) extraction of B. ovis as the
antigen (14).

Immunization of mice

Three groups of 6 male 4- to 5-week-old Balb/c mice were immu-
nized with each subcellular fraction. They were initially injected,
IM, with complete Freund’s adjuvant and again, 15 d after later by
intra-peritoneal inoculation without adjuvant. The protein concentra-
tion used was of 11, 54, and 10 pg/mL for OMP, IMP, and CP,
respectively.

Lymphocyte culture and cytokine induction.

Mice spleens were combined from each group, washed 3 times
with Hanks’ solution, and placed in a petri dish containing 5 mL of
RPMI 1640 medium (Gibco Laboratories), containing 100 U/mL
penicillin and 100 pg/mL streptomycin, over gauze to retain tissue
debris. They were then macerated and the cell suspension was
transferred to a conical tube with 5 mL of the same medium, and
centrifuged at 400 X g for 3 min. The pellet was resuspended in
0.17 M NH,CI for 5 min at 4°C to lyse the erythrocytes; it was washed
3 times with RPMI; and then resuspended in RPMI enriched with
20% bovine fetal serum, 200 mM L-glutamine, and 0.1 mM of non-
essential amino acids. We used a different culture plate per subcel-
lular fraction, approximately 6.5 X 10° lymphocytes from each group
were inoculated with OMP, IMP, and CP, respectively, distributed in
3 wells of the culture plate (Nunclon, Rochester, New York, USA),
each well was inoculated with 10 pL of the corresponding subcel-
lular fraction and the plates were incubated at 37°C with 5% CO,.
Concanavalin A was used as a positive control for non-specific induc-
tion of cytokines. Media containing the cytokines were collected at
24,48,72,96, and 120 h after inoculation and frozen until use.

Cytokine quantization

Commercial kits for mouse IFN-y, IL-2, and IL-4 (Duoset ELISA;
R&D Systems, Minneapolis, Minnesota, USA), were used for cytokine
quantization as per the manufacturer instructions. The concentration
used for capturing and detector antibodies was 2000 and 300 ng/mL
for IL-2; 4000 and 400 ng/mL for IFN-vy; and 720 and 36 p.g/mL for
IL-4. The standard curve was prepared by serial dilutions of a stan-
dard stock solution: 1000 pg/ mL for IL-2 and IL-4, and 2000 pg/mL
for IFN-vy.

Delayed type hypersensitivity (DTH)

Fifty microliters of OMP, IMP, CP, and phosphate buffered saline
solution (PBSS) were injected, SC, into the plantar pads of the 3 mice
and the induration measured at 24 and 48 h. The induration percent-
age was calculated as follows (15): Using a vernier calliper the
indurations were measured, the amount of induration produced by
PBSS was subtracted, and then the percentage of increased indura-
tion was calculated between the inoculation day and 24 to 48 h
later.

Antigenic proteins of B. ovis

To determine the protein profile of B. ovis subcellular fractions,
SDS-PAGE and immunoblotting were performed. Figure 1 shows
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Figure 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (15%) of Brucella ovis subcellular fraction proteins: Outer membrane
proteins (OMP), inner membrane proteins (IMP), and cytosol (CP). Fractions
were separated using sarcosyl and 15 mg of protein were used per well.
Arrows indicate molecular mass markers.

that the protein pattern is different for each fraction, and that the
OMP had a low contamination of LPS 0.13 UE/mL as verified by the
LAL test. There was high antigenic reactivity by the 3 subcellular
fractions when tested against the whole cell antiserum against B. ovis
(Figure 2), mainly at 42 kDa, 20 kDa, as well as a doublet at 38 kDa
(OMP). The cytosol (CP) showed a polypeptide of 28 kDa that was
absent in the IMP fraction, and the latter fraction showed an enriched
polypeptide of 47 kDa.

Cytokine response by the B. ovis subcellular
fractions

Concentrations from the amount of cytokines produced by
spleen derived cells after the cellular fractions, were added to
mouse lymphocyte cultures, as shown in Figure 3. The OMP frac-
tion (Figure 3A) induced a rapid and strong response from IL-2
at 24 h, with a marked reduction by 48 h. The IFN-y showed
a gradual increase from 72 h and peaked at 120 h. A low IL-4
response started at 72 h and remained low throughout the sampling
period.

The IMP fraction (Figure 3B) showed an increasing IFN-y starting
at 24 h an IL-2 response started at 48 h and remained at about the
same level until 120 h. The IMP did not induce a detectable IL-4
response.
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Figure 2. Inmunoblotting of Brucella ovis subcellular fractions: outer mem-
brane proteins (OMP), inner membrane proteins (IMP) and cytosol (CP).
Proteins from Figure 1 were transferred to a nitrocellulose membrane,
antigens were detected by using rabbit serum against B. ovis 1:20 and
reaction revealed using rabbit serum against immunoglobulin (Ig)G 1:1000.
Arrows indicate molecular mass markers.

The CP fraction (Figure 3C) induced an initial IFN-y response at
24 h, which dropped by 48 h and remained at low levels. The produc-
tion of IL-2 was low and peaked at 96 h. The CP fraction did not
induce IL-4 response and the response shown by this fraction to
IL-2 and IFN-y was poor compared with those of the other fractions.
The Concanavalin A was used as a control for the cytokines, induc-
tion determined after 24 h showed activity.

Delayed type hypersensitivity

The DTH reaction elicited from the mice plantar pads by the cel-
lular fractions was as follows: The OMP showed the highest indura-
tion (90%) at 48 h after inoculation; IMP and CP showed induration
of 29.7% and 18.6% at the same time, respectively.

The continued improvement of vaccines against B. ovis is impor-
tant for the control and eradication of epididimitis in sheep (16). Live
vaccines have a number of deficiencies, including diagnostic interfer-
ence caused by the smooth strain vaccines in serological tests used
in eradication campaigns.

One of the approaches to develop a new, safe, and efficient vaccine
is the use of subcellular components, using adequate adjuvant.
However, there is no information describing appropriate antigens
for use in a universal subcellular vaccine against brucellosis (6).
Protective antigens for this disease, defined in the mouse model,
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Figure 3. Induction of interleukin (IL)-2, IL-4, and interferon (IFN)-y in
Balb/c mice spleen cells stimulated with Brucella ovis subcellular fractions:
A) outer membrane proteins (OMP); B) inner membrane proteins (IMP); and
C) cytosol (CP). Culture supernatants were take out at different times and
tested by enzyme-linked immunosorbent assay (ELISA)-Duoset. Standard
deviations were below 10, and are not visible in the chart due to the
scale.

have been associated with the outer membrane of other species of
Brucella (17).

Selected surface components from B. ovis R strains administered
through adjuvants, protected against both rough B. ovis in rams (18)
and smooth B. abortus in calves (19), independent of the adjuvant
used. Zhan et al (20) demonstrated that adjuvants, such as alum and
CFA, increased the magnitude of the response, compared with that
induced by immunization with antigen and without adjuvant, but
they had no influence on the type of immune response.

We determined the protein patterns of OMP, IMP, and CP, and
demonstrated that these 3 subcellular fractions have different
capacities when inducing a cellular immune response. Brucella ovis
OMP-fraction profiles obtained in this study were similar to those
of other studies (1,8,21).

Numerous studies of Brucella antigens capable of activating a
T-cell response have been carried out for vaccine and diagnostic test
development purposes (22). Outer membrane proteins have been
isolated and characterized from several species of Brucella; however,

only the soluble OMP of B. abortus was evaluated for a cellular
response. This was originally measured by lymphocyte blastogen-
esis (23), and is now measured by induction of several cytokines
(3,5,22,24-26). Spleen cell cultures from mice injected with killed
bacteria or whole bacterial extracts produced IL-2 exclusively
(no IFN-y or IL-4), in contrast to those cells from mice infected with
live intracellular bacteria, which produced IL-2 and IFN-vy, but not
IL-4 (20).

There is only one report about the induction of cytokine response
in B. ovis. In that study the HS antigen was encapsulated into poly-
e-caprolactone microparticles (HS-PEC) and tested as a vaccine
against B. ovis and B. abortus in mice. Subcutaneous, but not oral,
administration in BALB/c mice of the HS-PEC induced high amounts
of IFN-y and IL-2, but low levels of IL-4, suggesting a predominantly
Th1 cellular immune response. The use of free HS or empty PEC
microparticles did not produce any protective effect (6). However,
the study described here employed different B. ovis subcellular frac-
tions (OMP, IMP, CP) to induce a cytokine response, and the response
was evaluated for a longer period of time (24 to 120 h), thus extend-
ing the current knowledge of cytokine productions in response to
B. ovis.

The OMP fractions in this study produced a high IL-2 response
at 24 h, which diminished after 48 h; whereas IFN-y reached its
maximum value at 120 h. The OMP produced the highest DTH
response. This is consistent with a classic Th1 lymphocyte response,
associated with acquired cellular resistance, and DTH (25). The IL-4
was only produced by the OMP fraction, demonstrating activation
by the Th2 lymphocytes and a humoral response. This response
may have been due to the presence of rough lipopolysaccharide
(R-LPS) residues and is supported by the fact that R-LPS epitopes on
B. ovis cells are highly accessible to the immune system. Moreover,
Riezu-Boj et al (27) described that the humoral response towards
LPS-R is intense during B. ovis infection. In addition, circulating
antibodies against R-LPS have been found during the disease, thus
these molecules could play a role in antibody mediated protective
immunity (17).

Based on cytokine production and a DTH response, the OMP and
IMP fraction of B. ovis may be useful antigen for the development
of a vaccine for B. ovis infections in sheep.
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