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Abstract

Background: Brucellosis is one of the main causes of economic loss in domestic animals due to abortions and infertility. Brucella is a
facultative intracellular pathogen that survives in other cell types in addition to phagocytes. T cell mediated responses are necessary
to eradicate the infection due to Brucella.
Objectives: In this study the potential of recombinant protein rTF/Bp26/Omp31 as a novel Brucella subunit vaccine, protective effi-
cacy, and immune response was evaluated in BALB/c mice.
Methods: After in silico design of rTF/Bp26/Omp31 structure, the gene was cloned and expressed in Escherichia coli BL21 (DE3). Finally,
purified protein by Ni-NTA was used as immunogenic to immunized mice.
Results: Mice immunized with rTF/Bp26/Omp31 showed a vigorous humoral and cellular mediated immunity; results were compat-
ible with IgG1 and IgG2a levels as well as high amounts of IFN-γ, IL-12, IL-4 and IL-10 production in immunized mice, compared with
control groups (P < 0.05). Compared to control groups, mice vaccinated with rTF/Bp26/Omp31 showed a significant response and
protection against subsequent Brucella infection (P < 0.05).
Conclusions: Statistical analyses indicate similar responses in immunized mice exposed to rTF/Bp26/Omp31, compared with B. abor-
tus RB51 and B. melitensis Rev.1 vaccines. These results showed the potential of rTF/Bp26/Omp31 as a candidate for the development
of a subunit vaccine against brucellosis.
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1. Background

Brucellosis is an important zoonotic infection that
leads to health problems and economic consequences in
many countries (1). This infection occurs through inges-
tion or inhalation of Brucella via the oral and nasal cavities
(1-3). Infection is characterized by abortion and infertility
in many domestic animals as well as chronic infections and
inflammation in humans (4). The most important way to
infection control and prevention against brucellosis in ani-
mals is performed by administration of the live attenuated
vaccine of Brucella strains, such as: Brucella abortus RB51, B.
abortus strain S19 and B. melitensis strain Rev.1 (5); and a hu-
man Brucella vaccine does not exist (6). Despite the efficacy
of live attenuated vaccine, these vaccines have some disad-
vantages: the ability to cause disease in humans, abortion
in pregnant animals and difficulty in the diagnostic vali-
dation of infection stages in vaccinated animals (5, 7). Be-

cause of the problems derived from the utilization of at-
tenuated and killed vaccines in humans and animals, the
development of a beneficial subunit vaccine against bru-
cellosis is desirable (7-9).

Recombinant subunit vaccines have predetermined
compositions with suitable homogeneity; they can be con-
trolled to ensure good production and are completely
inert (5, 7, 10). Recently, intracellular and cell surface
components of Brucella spp. have been considered as
protective antigens, but only a few antigenic compo-
nents have suitable immunogenic activity (6, 8, 11-13) in-
cluding: Brucella lumazine synthase-BLS, ribosomal pro-
tein L7/L12, sugar-binding 39-kDa protein-p39, periplasmic
immunogenic protein-Bp26, molecular chaperone-DnaK,
outer membrane protein-Omp16,19,25 and 31, Cu/Zn super-
oxide dismutase-SodC, SurA Peptidyl-prolyl cis-trans iso-
merase and Trigger factor (Tig)/TF (5, 10-12, 14, 15). Despite
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the immunogenicity of these antigens, the desirable pro-
tection against bacteria could be improved using a multi-
ple subunit vaccine.

Combination of such antigens in subunit-vaccine for-
mulation can potentially augment the protective efficacy
of each antigen alone (6, 8, 9, 15). TF (16-18), Bp26 (19-
21), and Omp31 (22-24) have been characterized as poten-
tial immunogenic antigens and have been previously stud-
ied to determine their protective immunogenicity. Omp31
is involved in infection pathogenesis as a virulence fac-
tor; in appropriate condition of cell-mediated immunity,
Omp31 could play a protective role against Brucella (22,
24, 25). Highly conserved periplasmic Bp26 protein of
Brucella spp. is an important antigen with particular ad-
juvant and protective activity that can induce humoral
and cellular responses (19, 21, 26, 27). Trigger factor/Tig
(TF)-immunophilin is a cytoplasmic protein with immuno-
genicity potential, which is involved in pathogenesis of
brucellosis (16-18).

2. Objectives

In this study, we developed a novel structure contain-
ing TF, Bp26, and Omp31 putative antigenic determinants
of Brucella to evaluate the protective efficacy and immune
response of this recombinant protein against Brucella in
the murine model.

3. Methods

3.1. Ethics Statement

All experimental procedures and animal care were per-
formed in compliance with the institutional animal care
guidelines of the ethics committee of Kerman Univer-
sity of Medical Sciences (Ethical Approval Code-K/93/193,
9.8.2014).

3.2. Bacterial Strains

The live attenuated B. abortus RB51 and B. melitensis
Rev1 vaccine strains were obtained from Razi Vaccine and
Serum Research Institute, Karaj, Iran. Brucella abortus
strain 544 and B. melitensis 16M were obtained from the Mi-
crobial Collection, Pasteur Institute of Iran, Karaj, Iran and
were used in the protection experiments.

3.3. Experimental Animal

Female BALB/c mice, 6 - 8 weeks old (were obtained
from the Pasteur institute of Iran, The Animal Center,
Karaj, Iran) were acclimated and randomly distributed
into study groups. The mice were kept in conventional an-
imal facilities and received adequate water and food.

3.4. In Silico Design and Prediction of Recombinant Proteins

In silico prediction and design was performed based on
conserved areas among different Brucella spp., (28); briefly,
3 antigenic determinants of Bp26 (25 amino acids 87 - 111),
Omp31 (27 amino acids 48 - 74), and TF (485 amino acids,
whole sequence) were selected and fused together by link-
ers (EAAAK). We fused these determinants to have a suitable
immunogenic structure (a large protein) based on increas-
ing the size of antigen to best stimulation of immune re-
sponses.

The alignment was performed using ClustalW soft-
ware. Gene optimization to expression in Escherichia coli
was performed by Codon Optimization online service;
DNA/RNA GC Content Calculator was used for G/C% cal-
culation, before and after optimization. Antigenicity was
predicted by IEDB Analysis Resource and Vaccine Design
Server. Physicochemical parameters were computed us-
ing Expasy’s Protparam, Protein Calculator v3.4, and Re-
combinant Protein Solubility Prediction. Protein solubil-
ity was predicted by DSSP and VADAR. T-cell epitopes pre-
diction parameters; binding both MHC class I and II were
analyzed by GPS-MBA Prediction System version 1.0 and
immune epitope database. Conformational B-cell epitope
was predicted with web server CBTOPE and The PSIPRED
Protein sequence analysis workbench. Presence of possi-
ble allergenic sites was predicted using AlgPred and SDAP-
Structural Database of Allergenic Proteins.

Analysis of the secondary structure of messenger RNA
was predicted using the ’mfold’ Web Server and RNA struc-
ture Web Servers for RNA Secondary Structure Prediction.
Secondary structure, sequence analysis, and functional pa-
rameters of protein were computed with GOR IV secondary
structure prediction method and Predict Protein server.
Tertiary structure-3D and stability prediction of protein
were performed by Deep View-Swiss-PdbViewer. Recom-
binant protein modeling was performed using I-TASSER
server. Tertiary structure and 3D structures were validated
by using ProSA-web. The stereo chemical quality of protein
structure was validated by Ramachandran plot (Z-score) in
PROCHECK (12, 28, 29).

3.5. Expression and Purification of Recombinant Protein

The recombinant gene was synthesized and subse-
quently cloned (Biomatik, Canada) into pET-28a (+) to
construct pET-recombinant protein (pET-rTF/Bp26/Omp31).
The pET-rTF/Bp26/Omp31 was transformed into E. coli BL21
(DE3) strain (Novagen-Merck KGaA, Germany). The trans-
formed clones were inoculated into Luria Bertani (LB)
medium (Merck KGaA, Germany), containing 50 µg/mL
kanamycin (Sigma-Aldrich, Taufkirchen, Germany). The
incubation was continued by agitation to 0.5 O.D. values
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at 600 nm; Isopropyl-β-D-1-Thiogalactopyranoside (IPTG)
(Sigma-Aldrich, Germany) was added to induce the gene
expression (optimum condition: IPTG concentration 700
µg/mL, 4 hours). The culture was harvested and suspended
in lyses buffer (8 M urea, 0.1 M NaH2PO4, and 0.01 M Tris, pH
= 8.0) containing protease inhibitors (Sigma-Aldrich, Ger-
many). Recombinant protein was purified using Nickel-
nitrilotriacetic acid (Ni-NTA) resin (Qiagen, UK).

Proteins were eluted in 1ml buffer containing 200 mM
imidazole and 500 µL MES buffer (20 mM) (Sigma-Aldrich,
Germany). The purified protein (70 kDa) was monitored by
SDS-PAGE (Bio-Rad, CA, USA) and its concentration was es-
timated by spectrophotometer (Biochrom, UK) and Brad-
ford protein method measurement. Molecular weight
(MW) of protein was determined by pre-stained protein
ladder marker (SM0671, with 10 bands approx. 10, 15, 25,
35, 40, 55, 70, 100, 130, 170 kDa) (Thermo Fisher Scien-
tific, USA). SDS-PAGE protein bands were transferred into
nitrocellulose membrane (Sigma-Aldrich, Germany) and
were then incubated with anti His-Tag antibody (Sigma-
Aldrich, Germany). Membrane was then incubated with
anti-mouse IgG-peroxidase (Sigma-Aldrich, Germany). The
membrane was developed in diaminobenzidine (DAB) so-
lution (Sigma-Aldrich, Germany). Upon visualizing the
protein band, the reaction was stopped by adding distilled
water (12, 28, 29).

3.6. Circular Dichroism (CD) Spectroscopy

To evaluate and determine the secondary structures of
predicted (in silico) recombinant protein rTF/Bp26/Omp31
(0.25 mg/mL in PBS) circular dichroism (CD) was recorded
on a JASCO J-810 spectrometer (Jasco, Inc., USA).

3.7. Immunization of Mice

Female BALB/c mice in each study group (n = 15) were
immunized by the subcutaneous (s.c.) route of 20, 30
and 40 µg of rTF/Bp26/Omp31 (groups R-20, R-30 and R-
40, respectively). On day 0, Complete Freund’s Adjuvants
(CFA) and on day 14 and 28, Incomplete Freund’s Adju-
vants (IFA) (Sigma-Aldrich, Germany) were mixed in equal
amounts with rTF/Bp26/Omp31, respectively. Phosphate-
buffered saline (PBS) mixed with IFA was administrated to
negative control groups intraperitoneally (i.p.). Two other
positive control groups were immunized on day 0 with 2
× 108 CFU B. abortus RB51 and 2× 108 CFU B. melitensis Rev1.
Sera were obtained 14, 28, and 45 days after the first immu-
nization (12, 28, 29).

3.8. ELISA

Serum reactivity was determined by specific indirect
enzyme-linked immunosorbent assay (ELISA) before and

after the challenge of mice to measure immune serum
anti-rTF/Bp26/Omp31 IgG, IgG1, and IgG2a levels. The high
binding 96 Well Single-Break Strip ELISA Plates (Nunc-
Immuno, Sigma-Aldrich, Germany) were coated with 10µg
purified recombinant protein in 100 µL PBS (pH 7.4) and
then well blocked with 100 µL of 1% (m/v) bovine serum al-
bumin. After washing with PBS-Tween, the plates were in-
cubated with mice sera at 37°C for 1 hour. 100 µL/well of
Horseradish peroxidase conjugated goat anti-mouse IgG,
IgG1, or IgG2a antibodies (diluted 1:5000) was used for de-
tection. After washing the wells and following the addi-
tion of 100 µL of o-phenylenediamine dichloride (Sigma-
Aldrich, Germany) in phosphatecitrate buffer (pH 5.5) and
H2O2 as a substrate, the plates were again incubated at 37°C
for 15 minutes, in a dark place. Finally, the absorbance of
wells was measured at O.D. (absorbance) 450 nm (BioTek,
USA) after the development of color was stopped by the ad-
dition of 1N, H2SO4 (Merck KGaA, Germany). The results of
immune mice were compared with the titer of antibody in
serum controls (12, 28, 29).

3.9. Cytokine Responses

Thirty days after the ultimate immunization, under
aseptic criteria, spleens of the study groups were re-
moved and homogenized (n = 5/group). Splenocytes
were suspended in RPMI 1640 medium (Thermo Fisher
Scientific, MA, USA) with 2 mM L-glutamine, 10 mM
HEPES (Sigma-Aldrich, Germany), 10% heat-inactivated fe-
tal bovine serum (Thermo Fisher Scientific, MA, USA), 1 mM
2-Mercoptoethanol (Sigma-Aldrich, Germany), and 1% of
antibiotic-antimicotic solution (Invitrogen, New Zealand),
supplementary. The cultures were incubated on a 96-
well flat-bottom plate (Nunc-Immuno, Sigma-Aldrich, Ger-
many), kept at 37°C, and with 5% CO2, for 72 hours. The
splenocytes were cultured at 4 × 106 cell per well with
10 µg/mL purified rTF/Bp26/Omp31, 5 µg Concanavalin A
(ConA) (Sigma-Aldrich, Germany), positive control, or with
culture medium alone, as negative control. Interleukin 10
(IL-10), IL-4, Gamma interferon (IFN-γ) and (IL-12) were mea-
sured by ELISA using mouse ELISA kits according to manu-
facturer’s instruction (Bio-Techne, USA) (23, 24, 30).

3.10. Assessment of Protective Efficacy and Immunogenicity

On day 30, after the final injection, mice of each exper-
imental groups (n = 5/group) were intraperitoneally chal-
lenged by virulent strains of 2× 105 CFU/mL B. melitensis 16
M and B. abortus 544. One month after bacterial challenge,
the infected mice were sacrificed and, aseptically, their
spleens were separated. After homogenization of spleno-
cytes in 1 mL of PBS, samples were plated in Brucella agar
(Thermo Fisher Scientific, MA, USA) for 72 hours, at 37°C
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with 10% CO2 in a humidified atmosphere. The CFU count
per spleen was determined and the results were presented
as the mean logarithm (log) CFU± error of the mean (SEM)
per group. Log units of protection were obtained by sub-
tracting the mean log CFU of the vaccinated group from
the mean log CFU of the control group (23, 24, 30).

3.11. Statistical Analysis

The CFU results, CFU differences between experimen-
tal groups, and logarithm transformation were evaluated
by ANOVA and Tukey’s post hoc test. Cytokines produc-
tion and antibody titers were compared using the Mann-
Whitney U-test (IBM SPSS Statistics 20 and Microsoft-Excel
for graphs). Statistical significance was assumed at the P
value < 0.05 level.

4. Results

4.1. Recombinant Protein Prediction and Production

Blast and alignment Sequence comparison, illustrated
the highly conserved sequences among Brucella spp. Final
construction of chimera: 1 - 485 (TF) amino acids (aa), 486
- 495 (EAAAKEAAAK-Linker) aa, 496 - 520 (Bp26) aa, 521 - 525
(EAAAK-Linker) aa, and 526 - 552 (Omp31) aa was performed
by fusing the C terminal of TF, middle portion of Bp26 87-
111, and N terminal of Omp31 48 - 74 in silico and synthe-
sized in vitro (final designed structure of protein according
to the suitable in silico conformational structure). It is im-
portant to know that due to in silico structure designing,
we cannot generalize the results of 3 determinants alone
to final designed structure, and thus the immunogenicity
of these structures is not similar to original structure.

Gene optimization to best expression in E. coli was im-
proved by changing the GC count from 51% in native form
to 55% in reforming nucleotide. Prediction of antigenicity
and linear epitope of antigen showed the antigenic deter-
minant in several different sequences. MHC I and II classes
binding sites, were determined in protein structure, in sev-
eral positions. There was no presence of possible allergenic
sites, based on the similarity of known epitopes. Physic-
ochemical parameters of protein was computed approxi-
mately: molecular weight: ~ 65 kDa, theoretical pI: ~ 5.0,
estimated half-life: > 10 hours (E. coli, in vivo), instability in-
dex: ~ 45.00 (regarding that chimeric protein was stable),
aliphatic index: ~ 80.00 (a positive factor for the increase
of thermo-stability) and ~ 100% chance of solubility when
over expressed in E. coli.

There was no disorder in mRNA conformational struc-
ture, normal folding, and hairpin or pseudo knot in first
nucleotides. Optimal secondary structure with a mini-
mum free energy ~ -480 kcal/mol prepared a suitable

∆G in nucleotides. Protein secondary structure analy-
sis showed that 58.70%, 7.07%, and 34.24% of sequences
were alpha-helix, extended strand, and random coil, re-
spectively. Tertiary structure of the protein showed a con-
struction with 3 determined domains. Comparison of pro-
tein with native domain structures illustrated that the pro-
tein had acceptable stability (~ -14,000 Kcal/mol). This
data was confirmed by the Ramachandran plot.

SDS-PAGE and Western blotting (using anti-His-tag an-
tibodies) were used to analyze the expression of recombi-
nant protein (Figure 1). Protein electrophoresis in Figure 1A
shows the samples from the induced and un-induced cell
lysates of E. coli BL21 (DE3). Western blotting analysis of pu-
rified recombinant protein showed the single band, corre-
sponding to the expected size of rTF/Bp26/Omp31, 70 kDa
(Figure 1).

4.2. Antibody Response to the Recombinant Protein
rTF/Bp26/Omp31 in Immunized BALB/c Mice

Antibody titers in ELISAs demonstrated (Figure 2A)
that first administration of rTF/Bp26/Omp31 did not signif-
icantly (P > 0.05) increase the titers of total IgG antibodies
versus negative control group-PBS (day 14). In contrast, a
significant increase in the total IgG antibodies (P < 0.05)
was observed in the positive control group after 2nd and
3rd administration (days 28 and 45) compared to the ex-
perimental groups (Figure 2A). Total IgG titers increased
steadily and reached the highest amount at days 28 in
groups R-40, R-30, and R-20, respectively (Figure 2A). Anal-
ysis of IgG isotype (IgG1 and IgG2a) indicated that the anti-
rTF/Bp26/Omp31 detected in immunized mice was still pre-
dominant at day 45 after first injection and significantly
higher in the immunized groups compared to the mice in-
jected with PBS (P < 0.05) (Figure 2B). The specific IgG2a
titers were higher than the specific IgG1 titers that indicate
a Th1 response (IgG2a/IgG1 ratio 1.1, 1.06, and 1.03 in R-40, R-
30, and R-20 groups, respectively) (Figure 2C).

4.3. Cytokines Production and Immune Responses

After in vitro stimulation with rTF/Bp26/Omp31 antigen,
the cytokines production in the samples from the immu-
nized animals was significantly higher than the negative
experimental group (P < 0.05), and did not differ signif-
icantly (P > 0.05) with other positive control group vac-
cinated with B. abortus RB51 and B. melitensis Rev1 (Figure
3). Supernatants of splenocyte culture from immunized
mice contained significantly high levels of IL-4, IL-10, IL-12
and IFN-γ (P < 0.05) in comparison with the negative con-
trol groups (Figure 3). The results indicate that vaccina-
tion with rTF/Bp26/Omp31 induced both humoral and cell-
mediated immune responses by mixed T helper1 and 2 im-
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Figure 1. Recombinant Protein Expression and Western Blotting

A, SDS-PAGE results of the chimeric protein expression induced by IPTG; expression condition was optimized by using gradient change in temperature, IPTG concentration
and growth time.; lane 1, IPTG induced bacteria after 4 hours (concentration, 700 µg/mL), lane 2, negative control cells (non-induced), lane 3, pre-stained protein size marker
(70 kDa); B, Western blot; recombinant protein reactivity by western blotting using anti-His Tag antibody; lane 1, protein size marker (70 kDa), lane 2, recombinant protein
reactivity by anti-His Tag antibody.

mune response, as demonstrated in production of all mea-
sured cytokines.

4.4. Induced Protection in BALB/c Mice Against B. melitensis and
B. abortus Challenge

Significant decrease in the bacteria count in the cul-
ture of homogenized splenocytes was regarded as efficacy
protection in immunized and control groups. Protection
efficacy was calculated as the log10 of protection in spleen
according to the difference of negative (PBS) group and im-
munized experimental groups. The recombinant protein
showed significant protection at 30 days after challenging
with 1.41, 1.49, and 1.61 log units of protection against B.
melitensis 16M and 1.53, 1.55, and 1.63 log units of protection
against B. abortus 544; these results were compatible to
the live attenuated B. melitensis Rev.1 (2.1 log unit of protec-

tion) and B. abortus RB51 (1.96 log unit of protection) con-
trol vaccines results (Table 1). The results indicate the abil-
ity of rTF/Bp26/Omp31 to protect against infection when in-
jected subcutaneously and the vaccine potential of immu-
nization (P < 0.05).

5. Discussion

The development of subunit vaccines to protect
against brucellosis is crucial to avoid the disadvantages of
the used live attenuated vaccines B. melitensis Rev.1 as well
as B. abortus RB51 and S19 (5, 10). New vaccines will be de-
signed according to immune responses during a natural
infection in animal models and identification of intra-
cellular and cell surface immunodominant component
of Brucella spp. (6, 9, 11, 31). Previous studies showed that
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Table 1. Protection Against B. melitensis 16M and B. abortus 544 Challenge in Immunized Mice by rTF/Bp26/Omp31a , b

Experimental Groups log10 CFU of B. abortus 544 in
Spleen

Protection Unit in Spleen
(Log Units)

log10 CFU of B.melitensis 16M
in Spleen

Protection Unit in Spleen
(Log Units)

Negative control-PBS 5.88 ± 0.55 - 5.23 ± 0.51 -

R-20 + Adj 4.35 ± 0.47 1.53c 3.82 ± 0.33 1.41c

R-30 + Adj 4.33 ± 0.33 1.55c 3.74 ± 0.41 1.49c

R-40 + Adj 4.25 ± 0.25 1.63c 3.62 ± 0.31 1.61c

Rev.1 - - 3.22 ± 0.19 2.01c

RB51 3.92 ± 0.21 1.96c - -

aUnits of protection were obtained by subtracting the mean log10 CFU in the spleen of the immunized group from the mean log10 CFU in spleen of the negative control
group (PBS).
bThe results were represented as the mean logarithm (log) CFU ± error of the mean (SEM) per group.
cP value < 0.05.

multivalent recombinant vaccines can elicit a vigorous
stimulation in immune response and better protection
efficacy compared with the pertinent univalent vaccines
(8, 9, 14). Omp31 have a highly conserved hydrophilic loop
(48 - 74 residues) regarded as Th1 protective epitope (30).
Furthermore, antigenic determinants of TF and Bp26 (87-
111 residues) can induce a T-cell mediated response (17-20,
27, 32). TF, Bp26, and Omp31 immunogenicity potential
is considered as a good component for a subunit vaccine
design.

Immunity against Brucella is mediated by mixed T
helper1 and 2 immune response and both B and T cell-
mediated immunity (HMI and CMI) are derived (13, 15, 33).
Derivative cytokines of Th1 and 2 cells including IFN-γ,
IL-12, as well as IL-10 and IL-4 modulate the immune re-
sponse against intracellular Brucella (13, 15, 34). IFN-γ has
a crucial role in the control of intracellular bacteria via
macrophages activation and protective IgG2a antibody re-
sponses (19, 34). After binding of Fc portion of IgG2a to
surface Fc-receptors on the phagocytes, antimicrobial re-
sponses (e.g., phagocytosis, synthesis of cytokines, and in-
flammatory mediators release) are performed (13, 15). Spe-
cific response of IgG1 antibodies is related to IL-4 and IL-10
synthesis, that regulate the HMI responses and is critical to
the prevention of this infection in the initial stage of bru-
cellosis (13, 33).

In this study we evaluated the induced protective ef-
ficacy and immune response by a recombinant chimera
protein rTF/Bp26/Omp31 in BALB/c mice. Evaluation of
humoral and cellular immune responses to Bp26 and
Omp31 epitopes in the attenuated Brucella melitensis vac-
cine showed the efficacy of this component in immunity
against Brucella (19). In another study, the protective ef-
fect and immune responses against Omp31 and Bp26 was
evaluated in mice challenged with Brucella (21). It has been

shown that Brucella melitensis Rev.1 vaccine single and dou-
ble deletion mutants of the Bp26 and Omp31 affect the pro-
tective efficacy against brucellosis (32). However in many
previous studies, the role of TF, Bp26, and Omp31 immun-
odominants in immune responses was shown (16, 17, 19, 20,
22, 25, 27, 30).

To evaluate the stimulation type of immunity, produc-
tion and synthesis of IgG isotypes, IFN-γ, IL-4, IL-10, and
IL-12 were done by ELISA. Results showed the ability of
rTF/Bp26/Omp31 to induce an intense IgG response in com-
parison with control groups (P < 0.05). Since the isotype
of IgG response is related to the kind of cytokines pro-
duction by Th1 and 2 cells, we determined the IgG1 and
IgG2a titers in response to rTF/Bp26/Omp31 injection in
mice. Significant (P < 0.05) increased titers of IgG1 and
IgG2a were detectable in the sera of the immunized mice
in comparison to the negative group (PBS) with shifted re-
sponses to IgG2a production; the IgG2a/IgG1 ratio was, ap-
proximately, equal to 1 in immunized mice with recom-
binant protein (higher titers of IgG2a). Since the profile
of antibody isotype response is a reaction to the T helper
cell types, these results indicate the induced Th1 responses
against rTF/Bp26/Omp31 vaccination.

Cassataro et al. showed that vaccination with the re-
combinant Brucella outer membrane protein 31 or a de-
rived 27-amino-acid synthetic peptide elicits a CD4+ T
helper 1 response that protects against Brucella melitensis
infection (30). It is important to know that Th1 responses
and IgG2a productions are essential for eradication of Bru-
cella spp. infections, by the cell mediated immunity, cy-
tokine production, and facility of phagocytes (15, 33, 34).
To evaluate the cytokines responses to rTF/Bp26/Omp31,
production levels of IL-4, IL-10, IL-12, and IFN-γ were mea-
sured after splenocytes stimulation. Increased levels of IL-
12, IFN-γ, IL-4, and IL-10 suggested a combined Th1 and 2
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Figure 2. Antibody Response to the Recombinant Protein rTF/Bp26/Omp31 in Immu-
nized BALB/c Mice
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and 28 after injection with an increase of IgG titers (P < 0.05); B, furthermore, IgG1
and IgG2a titers in experimental groups compared with negative groups-PBS were
significantly increased (P < 0.05); C, IgG2a/IgG1 ratio (equal to 1, approximately) in
immunized mice indicates the shift to cell-mediated immunity. Antibodies titers
were determined in ELISA. The animals of the negative control group were adminis-
tered with PBS; *P value < 0.05.

immune response (Th1 by IL-12 and IFN-γ and Th2 by IL-
4 and IL-10). Results of cytokines production in the im-
munized group with rTF/Bp26/Omp31 in comparison with
RB51, Rev.1, and PBS-negative group showed the significant
increased level of these cytokines production in the study
group (P < 0.05).

Additionally, protection units in the spleen (log
units) showed significant induced protection against
rTF/Bp26/Omp31 in experimental mice (Table 1) (log units
of protection were obtained by subtracting the mean log
CFU of the vaccinated group from the mean log CFU of the
control group). Immunized mice with B. abortus 544 (1.96
log units) in comparison to mice immunized by 20, 30,
and 40 µg rTF/Bp26/Omp31, showed the 1.53, 1.55, and 1.63

log units of protection against B. abortus 544, respectively;
furthermore, 1.41, 1.49, and 1.61 log units in mice immu-
nized by 20, 30 and 40 µg rTF/Bp26/Omp31, respectively,
compared with B. melitensis 16M (2.01 log units) showed
the protection efficacy. However protection units showed
the significant increased level of protection (P < 0.05) in
study group (Table 1).

6. Conclusion

Our results suggest that this recombinant protein
could be used as a potential subunit vaccine candidate
against Brucella spp. with remarkable ability in inducing
both types of humoral and cellular-mediated immunity
compared with common live attenuated B. abortus RB51
and B. melitensis Rev.1 vaccines.
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