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Abstract

Background: Designing a potent recombinant vaccine, using the appropriate subunits with the greatest effect on
stimulating the immune system, especially in the case of intracellular pathogens such as gram negative Brucella
Melitensis bacteria, is of great importance. In this study, three repeats of 27 amino acids of the immunogenic epitope
derived from OMP31 antigen (3E) from the Brucella melitensis, in a protective manner against Brucellosis have been
used. To fortify the delivery system of recombinant antigens, IL-2 cytokine as a molecular adjuvant was fused
to recombinant constructs. Recombinant proteins were evaluated for immunological studies in a mouse model (BALB/c).

Results: The results showed that all recombinant proteins could stimulate the immune system to produce Th1 cytokines
and antibodies in compare to the negative control treatments. 3E-IL2 and then OMP31-IL2 proteins stimulated higher
levels of IFN-γ and IL-2 compared to the other treatments (p < 0.05). Also, the results indicated that experimental
treatments produced a higher level of IgG2a isotype than IgG1 isotype. In addition, the findings of the experiment
showed that the presence of chemical adjuvant (IFA) along with molecular adjuvant can play a significant role in
stimulating the immune system. After determining the potency of recombinant structures, their efficacy in stimulating
the immune system were also evaluated. B. melitensis M16 strain was used to challenge 30 days after last immunization.
The microbial load of the splenocyte in the treatments receiving chimeric proteins were significantly lower.
Also, Wright serological test confirmed that these treatments had the lowest agglutination rate, as well as the
positive treatment, while in the negative treatments in excess of blood serum dilutions, agglutination rate were more
than 2 + .

Conclusions: 3E-IL2 treatment showed the best performance compared to other recombinant proteins and could be
considered as the suitable candidate for further research on the production of recombinant vaccine against Brucella.
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Background
Brucellosis (Malt fever) known as a zoonotic disease which
caused by gram negative Brucella Melitensis bacteria, as an
intracellular pathogen in mammalians. Reduced fertility
rates and milk production are the most common symptoms
of this disease in livestock. The most common transmission
way of this infection to human is using contaminated
products [1]. Protective immunity against infection by Bru-
cella spp. involves a cascade on immunity factors including
the innate immunity, CD4+ and CD8+ T lymphocytes,
macrophages (MΦ), dendritic cells (DCs) and inflammatory
cytokines like IFN-γ and IFN α [1, 2]. So far live attenuated
strains (e.g. Rev1) have been used to protect against the
brucellosis but these vaccines cause abortion in pregnant
animals. In addition, the current vaccines interfere in sero-
logical tests as well as are resistance to streptomycin and
cause infection and disease in human [3]. Using recombin-
ant vaccine as an inert vaccine offers advantages over whole
organisms which not only can omit disadvantages of live
vaccines but also introduce some advantages such as safety
and purity. But these vaccines are not enough strong to
stimulate strong immune responses [4] . Factors which
should be considered in using inert vaccines are; selection
an appropriate antigen and best adjuvant and also using a
good delivery system [5]. OMP31, the 31 KDa outer
membrane protein, known as protective antigen which used
as DNA vaccine in high concentration against B. melitensis
and B. ovis challenges [6]. It has been reported that,
immunization of BALB/c mice with rOmp31 conferred a
robust immunoglobulin G (IgG) response along with pro-
duction the interleukin 2 (IL-2) and gamma interferon, but
not IL-10 or IL-4, which refers to induction T helper 1
(Th1) response and also a good CTL (Cytotoxic-T-lympho-
cyte) response which related to induce the CD8 +T [7, 8].
Using OMP31 extract in immunity studies, also coffered
both humoral and cellular immunity [9]. Previous studies
demonstrated that an exposed and hydrophobic loop of
OMP31 antigen, located between 43 and 83 amino acid
residuals, is conserved among the different strain of
Brucella spp., and is cognate with mAb (A59/10F09/
G10) [10, 11]. A short peptide of 48–74 residues of
Omp31 (Omp3148–74) is a T helper (Th) 1 response
inducer that presents a proper protection against B.
melitensis [8]. So far, studies have shown that the use of
epitopes as subunit in immunogenes structures has been
very successful in stimulating the immune system (cellu-
lar and humoral) to protect against Brucellosis [12, 13].
Genetic adjuvants related to some genes encode cytokines,
chemokines, costimulatory factors and some other mole-
cules which frequently are involved in co-administration
with antigens to change the magnitude, duration and na-
ture of immune response [14]. When the host encounters
an antigen, evoking the immunity system is being done
through the cellular mediated immunity procedures which

act as an intracellular pathogen trapped inside the
antigen-presenting cell (APCs) located in lymphoid or-
gans. Then antigens being degraded and their peptides be-
ing presented to MHCI and MHCI markers which call T-
lymphocytes contain CD8+ and CD+ 4 markers, respect-
ively [15]. Effector T cells produce IL-2 as an autocrine
growth factor which leads to the differentiation of T cells
into a specific lineages of T cell [16, 17].
In this study, we aimed to design some subunit vaccines

including OMP31 antigen and its immunogenic epitopes
in form of fusion to IL-2 as a molecular adjuvant, and
investigating their desired potency and efficacy in stimula-
tion the immune system.

Results
Expression of recombinant antigenic structures in
prokaryote system
Each of univalent structures (OMP31, 3E and IL-2 gens)
were successfully amplified using donated or synthesized
vectors and were properly ligated into pTZ57R/T and then
pET-22b (+) vector. OMP31-IL2 and 3E-IL2 constructions
also have already been ligated into the PET-22b (+) vector
[18, 19]. After verifying the integrity of these five recom-
binant structures by sequencing and colony-PCR process
with T7 universal primers (Fig. 1a), these structures were
successfully transmitted to the prokaryotic expressive
system (BL21 (D3) bacteria) using heat-shock process. The
BL21 bacteria containing the recombinant plasmids were
cultured in the penicillin-containing 2XYP medium under
overnight incubation and then were rejuvenated for two-
hour in 2XYP medium. Expression induction of the target
proteins was accomplished using 0.5mM IPTG correctly.
As shown in Fig. 1b, the process of purifying the proteins
using the Ni-NTA affinity chromatography columns was
successfully performed and confirmed by SDS-PAGE
(12%) and western blotting assay (Fig. 1c). Quantity of
each yielded protein was assessed using Bradford assay
and demonstrated that estimated concentration of
OMP31, 3E, IL2, OMP31-IL2 and 3E-IL2 proteins were
0.6, 0.3, 0.5, 0.7 and 0.7 g/L respectively (R2 = 0.989).

Desired potency of recombinant immunogenic proteins in
stimulation of cellular immune responses
Assessment of cellular immune responses was done
through measuring the IFN- γ, IL-2 and IL-4 cytokines
by ELISA in splenocytes of immunized mice. One of the
main factors in inducing protective immunity against
various types of intracellular infections is production the
IFN-γ cytokine. In general, ELISA results showed that
recombinant antigens significantly effected (P < 0.05) on
induction of IFN-γ secretion.
OMP31-IL2 + IFA had the highest mean of IFN-γ, IL-

2 and IL-4 (among the recombinant proteins), followed
by 3E-IL2 protein and OMP31-IL2 protein without using
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IFA (P < 0.05) (Fig. 2). As can be seen in Fig. 2, statisti-
cally, cytokines are more secreted in treatments which
received chimeric proteins than the treatments which
received univalent or divalent recombinant proteins
(P < 0.001). Moreover, as shown in Fig. 2, the proteins
formulated in incomplete Freund's chemist adjuvant (IFA)

in the two trials (OMP31 + IFA and OMP31-IL2 + IFA)
were significantly different from those of the same but
without formulation in the IFA adjuvant. Therefore, it can
be argued that the use of chemical adjuvants along with
the use of molecular adjuvants can boost the immune
responses in a more positive effect.

Fig. 1 Preparation and confirmation of production the recombinant protein. a confirmation of inserting the recombinant gens into pET-22b (+)
vector through colony-PCR process using T7 universal primer. b SDS-PAGE analysis which approves purification the recombinant proteins
correctly using Ni-NTA column. c Western blot confirmation of recombinant proteins by Anti Poly-Histidine-HRP antibody

Fig. 2 Determination of cytokine responses in splenocyte of immunized mice with different recombinant proteins. Levels of each cytokine were
quantified (pg/mL) by ELISA. Mean comparison of treatments were carried out employing Tukey’s test with significance level of 0.05. Each value
represents the mean of triplicates ± SD of cytokine responses from five samples. The experiment was replicated three times. Different letters
indicate significantly different between experimental groups (P < .05)

Nazifi et al. BMC Veterinary Research          (2019) 15:402 Page 3 of 11



Immunization with chimeric recombinant immunogenic
proteins represented to a desired humoral immune
response
Humoral immune response against recombinant immuno-
genic proteins was evaluated by measuring the IgG anti-
body. In this study, the level of IgG titer was analyzed in
three different conditions. For this purpose, the antibodies
were measured at the end of 30 days after the last injection
in eight different dilutions (1:50–1:64000) against the B.
melitensis Rev1vaccine, OMP31 antigen and 3E construct.
Total IgG antibody titer showed that all experimental

treatments produced higher anti-IgG antibodies compared
to negative control groups at different concentrations of
sera. The highest total IgG antibody titer related to the
positive control group. The antigenic groups of Omp31-
IL2 + IFA, 3E-IL2 and Omp31-IL2 showed the least vari-
ation with the positive control group respectively.
The IL-2 cytokine as a molecular adjuvant has improved

the antigenic activity of the OMP31 antigen and the 3E
construct (Fig. 3). So that, treatments which received
chimera proteins showed better performance than those
treated with univalent and divalent proteins (Fig. 3). On

the other hand, formulation of proteins in chemical IFA
compared to similar treatments without formulation in
IFA (OMP31-IL2 + IFA compared to OMP31-IL2 and
OMP31 + IFA compared with OMP31) improved stimula-
tion the humoral immunity.

Analysis of IgG1 and IgG2a isotypes responses after
immunization
IgG2a and IgG1 titers were evaluated in sera of vaccinated
mice with various formulations containing recombinant
protein against Rev1 vaccine (Fig. 4a), the OMP31 antigen
(Fig. 5a), and the 3E construct (Fig. 6a).
As can be seen, the titer of isotypes, and especially the

IgG2a isotype, were higher in the sera of treated mice after
the challenge process, which indicates the efficacy of the
vaccination before the challenge (Figs. 4a, 5a and 6a).
In general, before the challenge, all the experimental

treatments demonstrated the higher IgG2a and IgG1
levels compared to the negative control groups. But the
study on the antibody isotype titer after the challenge in-
dicated the high immunity level at the time of exposure
to the acute bacterial strain. As shown in the Figs. 4a, 5a

Fig. 3 Titer of total IgG. Total IgG against RevI vaccine (a), rOmp31 protein (b) and r3E protein (c) in different dilution of sera (1/50–1/6400) at OD 405 nm
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and 6a, treatments which showed high antibody levels
before the challenge, were able to produce antibodies
with higher potency after the challenge too, which indi-
cated high antibody protection. In negative control treat-
ments that have not received any antigenic vaccine and
protein before, the pathogen could engage the immune
system. The comparison IgG2a/IgG1 ratio in different
treatments has been presented in Figs. 4b, 5b and 6b
and it was observed that treatments that were injected
with chimeric protein had a higher IgG2a/IgG1 ratio. As
it can be seen, the high titer of the antibody, especially
IgG2a which is a Th1 index, has been achieved in these
treatments.

Standard tube agglutination test (Wright test)
This test is widely used to detect brucellosis infection. As
shown in Table 1 (1 week after the challenge process),
positive treatments that had not previously been vaccinated
(PBS, IFA, LPS) were considered as sick animal after expos-
ing by acute strain of B. Melitensis, because even in the high
dilution> 1: 160 of sera, the agglutination process occurred,
but in other treatments which received the Rev1 vaccine, or
induced by recombinant chimeric proteins (Omp-IL2, 3E-
IL2, Omp-IL2 + IFA), the rate of agglutination were < + 2 in

less than 1:80 of sera dilution. Therefore, these treatments
are not considered as sick.

Protection against virulent B. Melitensis
As shown in Fig. 7 vaccinated mice with recombinant
chimera proteins and Rev I vaccine conferred protection
against B. melitensis 16M than negative treatments
(p > 0.005). The number of live bacteria in the spleen
was reported as Log10 CFU. The highest number of
live bacteria in the splenocytes was attributed to
negative control treatments that did not receive any
vaccine or protein (LPS, PBS and IFA).

Discussion
Brucella species belong to intracellular pathogens which
involves cell mediated immunity. Antigen presenting
cells like macrophages process the complex antigens into
small peptides and present them through MHC II and
MHCI molecules to TCD4+ and cytotoxicTCD8+ re-
spectively [20]. As mentioned before, overcoming the
level of IFN-γ in all experimental treatments (with the
exception of negative control treatments that did not
receive any recombinant protein or vaccine) and, in par-
allel, high levels of IL-2 emphasizes on the activation of

Fig. 4 Titer of IgG1 and IgG2a isotypes against Rev1 vaccine. a the results of IgG1 and IgG2a isotypes titer comparison were represented in 1/50
dilution of sera against Rev1 vaccine. Mean comparison of treatments were carried out employing Tukey’s test with significance level of 0.05. b
Ratio of IgG2a to IgG1 in different treatments. Levels of each antibody were measured at OD 405 nm by an ELISA reader. Each value represents
the mean of triplicates ± SD of antibody responses from five samples. The experiment was replicated three times. Different letters are significantly
different between experimental groups (P < .05)

Nazifi et al. BMC Veterinary Research          (2019) 15:402 Page 5 of 11



Fig. 5 Titer of IgG1 and IgG2a isotypes against OMP31 protein. a the titer comparison of IgG1 and IgG2a isotypes related to 1/50 dilution of sera against
OMP31 protein. Mean comparison of treatments, with significance level of 0.05, were carried out using Tukey’s test. b Ratio of IgG2a to IgG1 in different
treatments. Levels of each antibody were measured at OD 405 nm by an ELISA reader. Each value represents the mean of triplicates ± SD of antibody
responses from five samples. The experiment was replicated three times. Different letters refer to significantly variations between experimental groups (P< .05)

Fig. 6 Titer of IgG1 and IgG2a isotypes against 3E protein. a titer comparison of IgG1 and IgG2a isotypes sera against 3E protein in 1/50 dilution of sera.
Mean comparison of treatments, with significance level of 0.05, were carried out employing Tukey’s test. b Ratio of IgG2a to IgG1 in different treatments.
Levels of each antibody were measured at OD 405 nm by an ELISA reader. Each value represents the mean of triplicates ± SD of antibody responses
from five samples. The experiment was replicated three times. Different letters indicate significant mean difference between experimental groups (P < .05)
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cellular immunity and in particular, Th1 lymphocytes
which aimed at the elimination of pathogens using the
protective recombinant proteins. These results are in
accordance with other studies on the OMP31 antigen or
its experimental epitope [8, 21].
IFN-γ by provoking the M1 macrophages [22] increases

the MHCII markers and impels them to secrete IL-12
which causes differentiation of Th cells to the Th1 [23].
IFN-γ secretion by Th1 cells also changes the antibody
class to IgG class (such as IgG2a) that interferes in
complement system fixation and phagocytosis [24, 25]. In
the present study comparison the IL-4 production, as a
biomarker of Th2 lymphocyte activity, confirmed that re-
combinant chimera effects on strengthening the humoral
immunity by Ig switching to IgG and IgE [26]. As it can
be traced in Fig. 3, the immune response in all experimen-
tal groups against the 3E and OMP31 proteins were simi-
lar to response against the Rev1 vaccine. This means that

the sequence and structure of the OMP31 antigen and the
3E construct are exactly the same as the B.melitensis
(Rev1vaccine) vaccine. Therefore, our recombinant pro-
teins are well designed and immunologically bioactive. In
this study, in addition to the potency, the efficacy of anti-
genic constructs was evaluated through the wright test
and the microbial load count of the spleen. The results
indicated that microbial load in the spleen of the mice
receiving recombinant proteins were significantly low. So
immunization of them were similar to that of mice
received RevI vaccine, which implies to high immunoreac-
tion of the memory cells after the challenge. Low micro-
bial load in the spleen indicates a strong immune
response as well as the polarization of the Th1 response
against infection of the B.melitensis, which is associated
with the removal of the intracellular pathogen [26, 27].
On the other hand, cases with the lack of serum agglutin-
ation in more than 1/80 dilutions considered as healthy,

Table 1 The result of the Wight test of blood sera samples after the challenge

Tteatments

Concentration of sera OMP31 IL2 3E OMP-IL2 OMP+IL2 3E-IL2 3E+IL2 OMP-IL2+ IFA OMP+ IFA Rev1 LPSa IFA PBS

1:10 4+ 4+ 4+ 3+ 4+ 3+ 4+ 3+ 4+ 3+ 4+ 4+ 4+

1:20 4+ 4+ 4+ 2+ 3+ 2+ 4+ 2+ 4+ 2+ 4+ 4+ 4+

1:40 3+ 3+ 3+ 1+ 3+ 1+ 3+ 1+ 1+ - 4+ 4+ 4+

1:80 2+ 3+ 3+ - 1+ - 2+ - - - 4+ 3+ 3+

1:160 - 2+ 2+ - - - 2+ - - - 3+ 3+ 3+

1:320 - - - - - - - - - - 3+ 3+ 3+

1:640 - - - - - - - - - - 1+ 2+ 2+

If all the antigens get agglutinated and the supernatant be clear, the answer is +4
If 75% of antigens get agglutinated and the supernatant be relatively cloudy, the answer is +3
If 50% of antigens get agglutinated and the supernatant be relatively cloudy, the answer is +2
If 25% of antigens get agglutinated and the supernatant be cloudy, the answer is +1
If no sediment is seen and the fluid be completely cloudy, the answer is negative
aThis treatment contains an extract of the periplasmic part of the BL21 (DE3) bacterium which may contains bacterial lipopolysaccharide (LPS)

Fig. 7 conferred protection of immunized mice with vaccine or recombinant proteins against B. melitensis M16. Mean comparison of treatments
were carried out employing Tukey’s test with significance level of 0.05. Results are shown as mean ± SD of the log10CFU of B. melitensis M16per
spleen (n = 4), **P < 0.01 and ***P < 0.001
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while the mice in negative treatments (PBS, IFA, LPS)
showed ≤ + 2 agglutination in high > 1.80 dilutions.
Referring to the results of cytokines and antibodies, it is

worth noting that the treatments with the lowest micro-
bial load of the spleen or the negative wright test showed
the highest levels of IFN-γ, IL-2 cytokine and isotype
IgG2a. This means that, treating with the recombinant
proteins (especially chimera proteins), directly involved
cellular immunity through the activation of Th1 cells, and
increased the level of IFN-γ secretion, one of the most
important macrophage activation factors. Subsequently,
activated macrophages (M1) initiate robust oxidative burst
activity by phagocyte NADPH oxidase (Nox2) to increase
the oxygen free radical (O2−) production and subse-
quently generating the H2O2, which is associated with the
consumption of protons, or reacting with nitric oxide
(NO) to create ONOO− that leads to killing of bacterial
and the creation of an alkaline environment [28, 29]. Casa-
tara et al., 2007, have studied on the experimental epitope
of OMP31 antigens which fused to BLS antigen and
proved that this chimera could activate cellular immunity
though production the high levels of IFN-γ and IL-2 and
IgG2a antibodies, which are cellular immunity indexes.
These reports intertwined with the results of the present
study.
Since subunit vaccines act to some extent poorly, for-

mulating them into adjuvants can significantly improves
their humoral and cellular immune responses [30–32].
Studies have shown that cytokines can improve the ability
of vaccines to protect against disease [33]. IL-2 involves as
a key role in cascade of events of immune response. This
is the first product of activated CD4 +T cells and directly
effect on proliferation and differentiation into multiple
lineages (Th1/Th2/Treg cells) [34, 35]. In addition, IL-2
interferes in differentiation the nave CD8 + T to effector
CTLs and inducing them to expression the IFN-γ [36],
TNF-α, and lymphotoxinα [37] to kill infected cells.
Therefore, as noted, the presence of IL-2 cytokine, either
as chimera or divalent injection, than to the lack of IL-2,
drives a protective immunity toward cellular immunity
and the IFN-γ and IL-2 production, as expected.
Taken together the results presented in this study

showed IL-2 decorated by immunogenic epitopes of
OMP31 antigen can confer a significant protective
immunity that protects the host against the acute patho-
genic strain of Brucella. While, along with the use of
molecular adjuvants, the presence of chemical adjuvants
further enhances the immune system’s stimulation.

Conclusions
In this study, OMP31 protein and its immunogenic com-
ponent, as an experimental epitope with 27 amino acids,
were investigated as candidate subunits in experimental
vaccines to combat against Brucellosis. Therefore, these

two immunogenes were tested in different treatments (3E-
IL2, OMP31-IL2, IL2, OMP31 and 3E) on BALB/c mic.
The results showed that, rate of IFN-γ and IgG2a isotype,
as two major indexes of cellular immunity, in 3E-IL2
treated mice were statistically higher than other treatments
(p < 0.05). Another phase of this study was investigating
the effect of the presence of a chemical adjuvant (IFA)
along with a molecular adjuvant (IL2). The results demon-
strated that, treated mice with immunogenes which formu-
lated in IFA had highest rate of cytokine and antibody
secretion. Also, microbial load count of the spleen and
wright test in 3E-IL2 and OMP31-IL2 + IFA treatments,
after challenge proses, approved the efficacy of these im-
munogenic constructs in terms of pathogen removal within
2 weeks after exposure.

Methods
Animals
Six to 8 weeks-old female BALB/c mice (purchased from
Razi Vaccine and Serum Research institute, agricultural
Research Education and Extension Organization (AREEO)
and their health status was confirmed by this Research
institute) were purchased and randomly divided into
thirteen experimental groups in cage contained wood
shavings. Mice were housed with appropriate environ-
mental conditions (light (an inverse 12 h day-night cycle
with lights on at 8:30 pm), temperature (22 ± 1 °C), humid-
ity (50 ± 5%), and ventilation) and also free access to fresh
water and food. Working with animals in study is in
agreement with the Ethical Principles for Animal Research
established by Ferdowsi university of Mashhad, Mashhad,
Iran. And was approved by Biotechnology Laboratory,
Department of Animal Science, Faculty of Agricultural,
Ferdowsi university of Mashhad, Mashhad, Iran.

Bacterial strains and vectors
Live attenuated B. melitensis (Rev1) bacteria donated
from Razi Vaccine and Serum Research institute, Agri-
cultural Research Education and Extension Organization
(AREEO). Escherichia coli (E. coli) DH5α and BL21 (D3)
were used as hosts for cloning the recombinant gens and
expression the proteins, respectively. Tow pTZ57R/T
vectors contained mouse IL-2 gene, OMP31 gene
donated by Biotechnology laboratory of Department of
Animal Science of Ferdowsi University of Mashhad,
whereas coding DNA sequence of 3repeat of experimen-
tal epitope region of OMP31 (48–74)3 with rigid linker
(EAAAK)2 was synthesized as inserted in PGH vector
(Macrogen, Korea).

Recombinant proteins production
OMP31-IL2 and 3E-IL2 recombinant proteins were pro-
duced as described before [18, 19], briefly rOMP31
(NCBI accession number: KJ193851.1), r3E (OMP31(48–
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74)3) and Mus musculus rIL-2 (NCBI accession number:
NM_008366.3) were first amplified individually by flaking
primers (containing rigid linker (EAAAK)2), then rOMP31
and r3E genes were fused to rIL-2 gene using SOE (Spli-
cing by overhang extension) PCR procedure. Besides,
rOMP31, r3E and rIL-2 gens were amplified separately,
using specific forward and revers primers without any
linkers. These five gens were first T/A cloned and then
were sub-cloned into pTZ57R/T and pET-22b (+) vec-
tors respectively using double digestion (NcoI and XhoI
enzymes) and T4 DNA ligase enzyme based on the manu-
facturer’s instructions kit (Thermo, USA) and followed by
transformation into BL21 (D3) bacteria by heat shock
method. Recombinant proteins were expressed in 5 h by
inducing via 0.5 mM IPTG in 0.06 OD of positive bacteria.
PelB signal peptide of pET-22b (+) vectors directs the
nascent protein toward the oxidative periplasmic environ-
ment. Thus, bacteria were harvested by centrifugation
(3000 g, 20min, 4 °C) and recombinant proteins were
extracted using TSE (Tris-HCL200mM pH= 8.0, Sacar-
os500mM, EDTA1 mM) buffer. These recombinant pro-
teins contain 6-His peptide tag, hence the specific protein
purification was done using Ni-NTA affinity chromatog-
raphy column (Thermo, USA) according to the manufac-
turer’s protocol. In this term, first of all, samples were
dialyzed at 4 °C overnight, then columns were equilibrated
and washed twice by cold phosphate buffer saline (PBS),
the dialyzed samples contained recombinant proteins were
well mixed with nickel-charged affinity resins for 30min
and then were loaded on columns, after by passing the
samples, the columns were washed by 20mM imidazole
at 25 °C. Finally, the proteins were eluted from the col-
umns by 4ml of 250mM imidazole. Quality of purified
protein assessed by SDS-PAGE (12%) and western blotting
assay. Their quantity measured by Bradford process using
five different dilutions of BSA protein, as the standard
proteins and.

Immunization and experimental treatments
Mice were intraperitoneally immunized three times (days
0, 15 and 30) with 30 μg chimeric proteins (OMP31-IL2
and 3E-IL2) or 30 μg univalent proteins (rOMP31, r3E
and rIL2) and/or 30 μg divalent proteins (rOMP31 + rIL2,
3E+ rIL2). One dose of Rev1 vaccine (1–4 × 109 CFU)
was used as positive control. Negative controls were
injected by Phosphate Buffer Saline (PBS) and Incom-
pletes Fronds Adjuvant (IFA). In this study IL-2 cyto-
kine was used as molecular adjuvant. In order to compare
the effect of using the current chemical adjuvants along with
molecular adjuvants, additionally, OMP31-IL2 and OMP31
treatments have been considered in two modes: formulated
in chemical adjuvant (OMP31-IL2 + IFA and OMP31 +
IFA) and without adjuvant (Table 2). To investigate the
immune response of lipopolysaccharides (LPS), injection

with periplasmic extract of BL21 (D3) bacteria (without any
recombinant vector) was considered as another treatments.
It should be noted that all studied recombinant proteins
were extracted from the periplasmic region of BL21 (D3)
bacteria.

Cytokine detection by ELISA
Spleen cell suspension of immunized mic (5 mice per
treatment) prepared by homogenizing the removed
spleens in RMPI 1640 medium (supplemented with 4
mM L-glutamine, 100u/ml penicillin, 100 μg strepto-
mycin and 10% heat inactivated FBS) 30 days after last
immunization. Homogenized suspensions were centri-
fuged for three mines in 8000 g, deposited cells were
dissolved in 1 mL of lysis buffer (0.8% NH4Cl, 2% Tris-
base, PH: 7.5) and remained at room temperature for 5
min. 9 ml of the RMPI medium were added and centri-
fuged again. The supernatant was discarded and the
remaining cells were counted after being dissolved in 3
ml of RMPI medium. 4 × 106 splenocyte cells of each
treated mouse were cultured in RMPI 1640 medium at
37 °C in 5% CO2 using a 96-well flat bottom plate and
stimulated in vitro with 5 μg/ml of each recombinant
proteins. After 48 h, cell culture supernatant was col-
lected and centrifuged at 300 g for 10 mines. IFNγ, IL-2
and IL-4 were measured in spleen cells suspension by
sandwich ELISA (sandwich enzyme-linked immunosorb-
ent assay) according to the manufacturer instruction
(Mabtech, Nacka, Sweden).

Evaluation of humoral immune response
To specify humoral immune response against the re-
combinant proteins, immunized mice were bled 30 days
after last immunization (5mic) and 2 weeks after the
challenge (5mice). Total IgG antibody of sera was
assessed in eight different dilution (1/50–1/64000) to
determine the best dilution for measuring the OD using
indirect ELISA. In this regard, 1 μg of rOMP31 antigen
or r3E peptide or 1× 108 CFU of Rev1 strain of B.meli-
tensis were coated in 96-well polystyrene microtiter plate
and were incubated for 24 h in 4 °C. Plats were washed
three times with PBS containing 0.05% Tween 20 (PBS-
T) and blocked for 1 h at 37 °C with 5% skimmed milk
in PBS. Then sera (supernatant of centrifuged blood in
3000 g for 20 min) were added serially in diluent buffer
containing 0.05% Tween 20 and were incubated for 2 h
at room temperature, and were washed three times by
PBS-T. 100 μl of 1/10000 dilution of anti-mouse IgG–
Horseradish Peroxidase (HRP) conjugate (containing Bio-
tin which connect to coated antigens) antibody (Sigma,
USA) was added to each well and plates were incubated
for another 2 h at 37 °C. Final washing was done in five
times and then 100 μl of 3,3′,5,5′-tetramethyl-benzidine
(TMB) substrate (which connect to HRP enzyme) was
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added to each well and plates were placed in the dark
cabin (TMB is light sensitive) for 20–30min. This reaction
was stopped using 2 N H2SO4. Finally, color intensity was
measured at OD 450 nm with an ELISA plate reader.
Further evaluation was performed on IgG isotypes using
100 μl of 1/50 dilution of sera using IgG1-HRP and
IgG2a-HRP conjugated antibodies (Sigma, USA).

Protection experiment
Four weeks after the last immunization, mice were chal-
lenges through intraperitoneal injection of 1 × 104 CFU of
B. melitensis M16 per animal. Two weeks later, infected
animals (five mice per treatment) were euthanized by cer-
vical dislocation and their spleen were removed aseptic-
ally. Homogenized and lysed splenocyte (as described
above) were serially diluted (1/10–1/108). 100 μl of each
dilution was spread on Brucella Agar medium (HiMedia,
USA) and incubated for 72 h in 37 °C. CFU per spleen was
calculated with direct counting of countable dishes from
each dilution. Units of protection represented by mean ±
SD of log10 CFU/spleens of treatments.

Standard tube agglutination test
Standard tube agglutination test (Wright) is used to con-
firm the presence of antibody against Brucella in infected
or vaccinated animals. One month after the challenge,
blood samples were taken from the remaining mice of
each treatment (4 mice) and their blood serum were col-
lected. After mixing the sera with the Brucella antigens,
due to the specific reaction between the antigen and the
antibody (agglutination), a sedimentation occurs at the
bottom of the tube which is visible by naked eye. Serial di-
lution (1:20, 1:40 … 1:640) of sera (collected 2 weeks after
challenge) was prepared using physiological saline (5.8 g
NaCl and 5 g phenol dissolved in 1litr distilled water and
autoclaved for 15min in 120 °C). Reading agglutination
rate was performed after 20 h incubation at 37 °C. If total
antigens get agglutinated and the supernatant became
clear, or 75% of antigens get agglutinated and the super-
natant relatively became cloudy or 50% of antigens get
agglutinated and the supernatant became relatively cloudy
or 25% of antigens get agglutinated and the supernatant
became cloudy the test result will be interpreted as + 4, + 3,
+ 2 and + 1, respectively, While, no sedimentation and ab-
solute cloudy soluble represents the negative answer.

Statistical analysis
Analysis of variance (ANOVA) and mean comparison of
immune responses data was performed using Tukey’s
test and SAS software. GraphPad Prism v6.07 software
(GraphPad Software Inc., San Diego, CA, USA) was used
to plot the charts for each measured parameter. P-values
less than 0.05 were considered statistically significant.
Values were expressed as mean ± SD.
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