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Brucellosis is endemic in Asia, Sub-Saharan Africa, 
some countries of Latin America, the Middle East 
and the Mediterranean and South Eastern Europeean 
Region (30). The disease causes not only great eco-
nomic losses in animal husbandry, but also poses 
a serious threat to public health (2, 15). A complicated 
epizootic and epidemiological situation for brucel-
losis persists in the Republic of Kazakhstan where 
the disease remains endemic (21, 33). The efficacy of 
brucellosis control and eradication programs primarily 
depends on the timely detection of infected animals by 
serological tests. The conventional serological tests 
for diagnosing bovine brucellosis in Kazakhstan are 
the agglutination test (AT), complement fixation test 
(CFT) and rose bengal test (RBT). These tests which 
are based on the use of Brucella cells smooth lipopoly-
saccharides (S-LPS) as an antigen do not always give 
reliable results because of cross-reactivity with other 
Gram-negative bacteria (3, 14, 37). Therefore, there 

has been an ongoing search for non-LPS candidates, 
namely protein antigens, for the diagnosis of brucel-
losis (12, 13, 22).

Outer membrane proteins (Omps) of Brucella spp. 
were originally identified on the basis of their molecu-
lar weight (mol.wt.) (29). Group 1 was identified as 
minor (94 or 88 kDa). Major Brucella Omps have 
been classified in group 2 (36 to 38 kDa) and group 3 
(Omp25 and Omp31) (11). Moreover, Omp28 was 
identified as another member of group 3 (26). The 
latter has been approved as useful for the differen-
tiation of infected sheep from vaccinated ones (16). 
Several recombinant Omps (rOmps), including those 
with lower mol.wt., were obtained and tested in ELISA 
a for serological diagnosis of animal brucellosis like 
rOmp10, rOmp19 and rOmp28 (34), rOmp16 (20), 
rOmp25 (10), rOmp28 (9, 25, 27) and rOmp31 (18). 
The main obstacle for introducing these recombinant 
proteins into diagnostic practice is their lack of sensi-
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tivity for detecting antibodies against the single rOmp 
(24). For example, rOmp31 showed insufficient anti-
genicity to antibodies of patients and animals infected 
with brucellosis (8). According to the authors, indirect 
enzyme-linked immunosorbent assay (i-ELISA) using 
rOmp31 made it possible to diagnose brucellosis in 
only 48% of people, and identify an infection only in 
61% and 87% of sheep and dogs, respectively. The 
low diagnostic value of a single rOmp in serological 
diagnosis for bovine brucellosis was also established 
in our previous studies (6). For instance, soluble salt-
extractable protein antigens (CSP) from Brucella 
spp. were significantly superior to the rOmp 28 by its 
antigenicity in i-ELISA. In addition, antibodies against 
this protein were not detected in the serum of 8.2% of 
cows reacting positively to brucellosis by the results 
of conventional serological tests. In this regard, it is of 
great practical interest to use combination of more than 
one recombinant protein in the development of ELISA 
in order to increase its sensitivity. Ahmed I.M. et al. 
(1) found that the combined use of rOmp25, rOmp28 
and rOmp31 significantly increases the specificity of 
ELISA in the detection of anti-Brucella antibodies. 
The results have showed that ELISA based on the 
cocktail of rOmps has the ability to detect Brucella-
antibodies in mice due to infection rather than vaccinal 
or cross-reacting ones. Thus, the use of a multiprotein 
diagnostic reagent in serological tests may open up new 
prospects for the improvement of serological diagnosis 
of brucellosis.

The aim of this research was to obtain a combined 
recombinant protein consisting of immunodominant 
regions of Brucella Omp25 and Omp31, and determin-
ing its antigenic properties on blood sera from cattle 
positively reacting to brucellosis.

Material and methods
Recombinant proteins and soluble salt-extractable 

protein (CSP) of B. abortus. Brucella rOmp25 and rOmp31 
used in this study were obtained in our earlier research (5). 
The extraction of CSP from Brucella cells was carried out 
according to the method of Tabatabai and Deyoe (35).

Serum samples. One hundred and nine sera collected 
from cows positive to brucellosis according to AT and/or 
CFT and 24 serum samples of cows which were subjected 
to bacteriological examination were kindly provided by 
the Republican Veterinary Laboratory and National Veteri-
nary Reference Center, the Ministry of Agriculture of the 
Republic of Kazakhstan. For calculating a cutoff value of 
i-ELISA blood sera were obtained from 19 heifers of the 
„Rodina” farm, Akmola region, Kazakhstan, which was 
free of brucellosis for long periods of time.

Bacterial strains, plasmids, and growth conditions. 
E. coli DH5α and E. coli BL21(DE3) were used for the 
transformation of recombinant plasmids. The cell cultures 
were grown on LB broth and LB agar media (Thermo Fisher 
Scientific, Waltham, USA), supplemented with ampicillin 
at the concentration of 100 µg/ml (Sintez, Kurgan, Russia). 

The pET32 vector was used for cloning and the expression 
of the recombinant protein in E. coli.

Construction of the combined Brucella recombinant 
protein. The search for candidate proteins was carried out 
using the NCBI PubMed (http://www.ncbi.nlm.nih.gov/
pubmed) and NCBI GenBank databases (http://www.ncbi.
nlm.nih.gov/genbank). Bioinformatics research and plan-
ning genetic engineering studies were carried out using 
the Vector NTI 11.5 software package (Invitrogen, USA). 
Based on the studies of Vizcaino N. et al. (38-40), the two 
most immunodominant regions of Brucella Omps were 
selected. The first region is in a position from 48 to 83 
amino acids of Omp31, and the second one is in the position 
from 180 to 224 amino acids of Omp25. These sequences 
were designated as OmpBm-Ba. To create alignments, the 
AlignX program from the Vector NTI 11.5 package was 
used (Invitrogen, USA). Reverse translation was performed 
using BackTranslation tool, controlling the possibility of 
the appearance of hairpins in the 5’-end region of the gene. 
Nucleotide sequence encoding OmpBm-Ba was synthe-
sized by Invitrogen (Life Technologies, Carlsbad, USA) in 
lyophilized form at a concentration of 5 µg DNA.

Cloning, expression and purification of the recombi-
nant protein. The synthesized DNA sequence of the com-
bined Brucella OmpBm-Ba was obtained in the pMK-RQ 
vector and then digested by the restriction enzymes NcoI 
and XhoI (Thermo Fisher Scientific, Waltham, USA) with 
10x Tango buffer (Thermo Fisher Scientific, Waltham, USA) 
and ligated into an expression vector using T4 DNA-ligase 
(Thermo Fisher Scientific, Waltham, USA). The ligated 
product was transformed into E. coli DH5 and cultivated 
overnight at 37°C with shaking. The plasmids were puri-
fied using QIAprep Spin Miniprep Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s instructions. The 
sequence of the cloned product was confirmed by Sanger 
et al. (31) using the BigDye sets and automatic DNA ana-
lyzer ABI Prism 3100 (Applied Biosystems, USA). Next, 
E. coli BL21(DE3) cells were transformed by the obtained 
construction of OmpBm-Ba/pET32 and incubated at 37°C 
overnight on LB agar plates with ampicillin. The single 
colony was used to inoculate in 5 ml LB with an antibiotic 
and incubated overnight at 37°C with shaking. Four hun-
dred ml of LB broth were inoculated with 5 ml over night 
culture and Isopropyl β-D-1-thiogalactopyranoside (IPTG) 
(Sigma-Aldrich, St. Louis, USA) was added to a final con-
centration of 1 mM to induce the expression of the recom-
binant protein. The culture was incubated for 16 h at room 
temperature (RT) with shaking and then bacterial cells were 
harvested by centrifugation at 5000 × g for 10 min at 4°C. 
After that cells were resuspended in a lysis buffer (20 mM 
Tris pH7,5; 1 mM EDTA; 100 mM NaCl) at the amount of 
10 ml per 1 g wet weight cells, followed by the addition of 
1 µl of phenylmethanesulfonyl fluoride (Thermo Fisher Sci-
entific, Waltham, USA) with a final concentration 0.2 mM. 
The bacterial cell suspension was then sonicated using ultra-
sonic homogenizer OMNI-Ruptor 4000 (Kennesaw, USA) 
in an ice-water bath. The recombinant protein (rOmpBmBa) 
was purified using His Trap Columns (GE Healthcare Life 
Sciences, Cardiff, UK) based on metal affinity chromato- 
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graphy according to the manufacturer’s instructions. The 
concentration of the protein was measured by Bradford (4).

Western blot. The presence of rOmpBm-Ba was con-
firmed by western blot assay using anti-His Tag monoclo-
nal antibody (mAb) conjugated to horseradish peroxidase 
(HRP) (Thermo Fisher Scientific, Waltham, USA). Briefly, 
the combined recombinant protein was separated by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) (23) 
and transformed to nitrocellulose membrane (0.45 µm) 
(GE Healthcare Life Sciences, Cardiff, UK) as described 
by Towbin et al. (36). The membrane was blocked in 1% 
bovine serum albumin (BSA) (Abcam, Cambridge, USA) 
for 1 h at RT, and washed three times in phosphate buffered 
saline with Tween-20 (PBS-T). Anti-His Tag mAb were 
added in a 1 : 4000 dilution and incubated for 1 h at RT 
with shaking. After washing the membrane with PBS-T, 
4-chloro-l-naphthol substrate (Sigma-Aldrich, St. Louis, 
USA) was added and incubated until color developed. Next, 
the membrane was washed in deionized water to stop the 
reaction and analyzed.

Determination of antigenicity of the rOmpBm-Ba 
by ELISA. The polystyrene plate wells were coated with 
rOmpBm-Ba (5.0 µg/ml) in bicarbonate buffer (0.1 M, 
pH 9.6). The plate was incubated at 4°C for 18 h and then 
the wells were washed six times with PBS-T. The active 
centers of the wells were neutralized with 1% BSA (1 h at 
37°C), and dilutions of test serum as well as the control 
(positive and negative) sera in PBS-T were prepared starting 
with 1 : 100, and incubated 1 h at 37°C. After the washing 
procedure, HRP-labeled anti-bovine IgG (Sigma-Aldrich, 
St. Louis, USA; dilution 1 : 10,000) was added into the 
wells. The plate was incubated at 37°C for 1 h., washed 
six times, and the substrate O-phenylenediamine (Sigma-
Aldrich, St. Louis, USA) was added. The absorbance was 
measured at 492 nm using a plate reader (Bio-Rad 680, 
USA). A cutoff value to distinguish between positive and 
negative results of i-ELISA was calculated using the mean 
OD of B. abortus-negative sera (17). Statistical analysis of 
the results of serological tests was carried out according to 
the method described by Sayduldin (32).

Results and discussion
The sequence of the DNA fragment of 570 bp 

encoding Brucella rOmpBm-Ba, which consists of the 
immunodominant regions of the Omp25 and Omp31 
was as follows (Fig. 1).

The single line underlines the gene encoding the 
linear immunogenic epitope of Omp25, the double 
line underlines the gene encoding the antigenic epit-
ope of Omp31, the dashed line is the hinge separating 
the construction from the hexahistidine tag gene. The 
sequence also contains restriction sites for cloning 
BamHI, NcoI, XhoI, HindIII (capital letters), and 
6His-Tag (italicized). The calculated protein-coding 
sequences are codon-optimized for the expression of 
the target proteins in E. coli.

The results of electrophoresis of the synthesized 
DNA encoding the combined recombinant protein on 
1% agarose gel are shown in Fig. 2.

The results showed the presence of a DNA band with 
expected sizes of approximately 570 bp. The resulting 
DNA fragment was purified from the gel using a set 
Quick Gel Extraction Kit, ligated to the expression 
vectors and transformed into the E. coli BL21 (DE3) 
cells. The transformed E. coli cells were grown on LB 
broth and the expression of rOmpBm-Ba was induced 
by the addition of 1 mM of IPTG.

SDS-PAGE data after the fractionation of cell lysates 
showed that the target protein is within the inclusion 
bodies (pellet of cell lysate) of the cells. The maxi-
mum amount recombinant protein was obtained after 
the treatment of the pellets with a denaturing buffer 
containing 8 M Urea (data not shown).

Fig. 3 shows the results of SDS-PAGE electropho-
resis of the supernatant from the inclusion bodies 

CCACGGATCCCCATGGcggcggatgtggtggtgagc-
gaaccgagcgcgccgaccgcggcgccggtggatacctttagctg-
gaccggcggctatattggcattaacgcgggctatgcgggcggcaaatt-
taaacatccgtttagcagctttgataaagaagataacgaacaggtgagc-
ggcagcctggatgtgaccgcgggcggctttgtgggcggcgtgcag-
gcgggctataactggcagctggaaaccaaagtggaatggtttggcac-
cgtgcgcgcgcgcctgggctataccgcgaccgaacgcctgatg-
gtgtatggcaccggcggcctggcgtatggcaaagtgaaaaaaac-
caaagcgggctggaccctgggcgcgggcgcggaatatgcgattaa-
caacaactggaccctgaaaagcgaatatctgtataccgatctgggcaaa-
cgcaacctggtggatgtggataacagctttctggaaagcaaagt-
gaactttcataccgtgcgcgtgggcctgaactataaatttggcggcagc-
caccatcatcatcatcattaaCTCGAGAAGCTTAG.
Fig. 1. The sequence of the DNA fragment of OmpBm-Ba

Fig. 2. Restriction fragments of OmpBm-Ba and pMK-RQ 
vector
Explanations: 1 – DNA fragment of OmpBm-Ba; 2 – vector 
pMK-RQ/OmpBm-Ba before restriction; 3 – DNA molecular 
weight marker
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purified by metal affinity chromatography using His 
Trap columns (Fig. 3).

As seen from Fig. 3, the combined recombinant 
protein has an apparent mol.wt. of 37.0 kDa. The pres-
ence of rOmpBm-Ba in the lysate of the transformed 
cells after expression was also confirmed by a western 
blot assay using HRP-conjugated anti-His Tag mAb 
(Fig. 4).

The results of immunoblotting show that the MAb 
recognizes HisTag label of the combined recombinant 
protein with the same mol.wt.

The antigenicity of rOmpBm-Ba was tested on the 
serum samples of 109 cows positively reacting to 
brucellosis by AT and/or CFT. To determine the cutoff 
value for enzyme immunoassay, 19 B. abortus-negative 
cattle blood sera were used. The average OD492 values 
of brucellosis negative sera were 0.119 ± 0.005, 0.078 
± 0.003, 0.059 ± 003 and 0.060 ± 004 at 1: 200-fold 
dilution for i-ELISA/CSP, i-ELISA/rOmp25, i-ELISA/
rOmp31 and i-ELISA/rOmpBm-Ba, and the cutoff 
values were determined at 0.238, 0.156, 0.118 and 
0.120, which were double the average OD492 of nega-
tive sera, respectively (Tab. 1).

From Tab. 1 it follows that the antibodies of a cer-
tain part of animals seropositive by the results of 
conventional tests did not bind to the used rOmps, as 
well as CSP of B. abortus . Moreover, the antigenic-
ity of the rOmps was different. The highest antigenic 
activity was shown by rOmpBm-Ba which revealed 
anti-Brucella antibodies in the sera of 87 (79.8%) of 
animals. rOmp25 and rOmp31 were recognized by 
the serum antibody of 79 (72.5%) and 53 (49.1%) ani-
mals, respectively. It should be noted that all positive 
results of i-ELISA/rOmp25 and/or i-ELISA/rOmp31 
were confirmed by immunoassay based on combined 
recombinant protein, and titers of antibodies were 
higher when rOmpBm-Ba was used as an antigen. For 
example, an antibody against a combined recombinant 
antigen was detected in the sera of 82 (94.2%) cows 
in titres from 1 : 200 to 1 : 800, while such a level of 
antibody to rOmp25 and rOmp31 was established only 
in 51 (64.5%) and 5 (9.4%) animals, respectively. As 
can be seen from the Table, the results of the classical 
tests largely coincided with the readings of i-ELISA/
CSP of B. abortus. This option of immunoassay gave 
positive results for the presence of antibodies in serum 

Fig. 3. Electrophoregram of combined recombinant protein 
purified by metal-affinity chromatography
Explanations: 1 – elution of the rOmpBm-Ba with 500 mM Im-
idazole; М – protein molecular weight marker

Fig. 4. Western blot analysis of the combined recombinant 
protein using His Tag MAb
Explanations: 1 – rOmpВm-Ba; М – protein molecular weight 
marker

Tab. 1. Results of testing cattle sera (n = 109) by i-ELISA using Brucella rOmps

Antigens
Serone-gative 

cows by i-ELISA
Antibody titers and the number of seropositive cows by i-ELISA

1 : 100 1 : 200 1 : 400 1 : 800 1 : 1600 1 : 3200

n % n % n % n % n % n % n %

rOmpBm-Ba 22 20.2  5  4.6 22 20.2 31 28.4 29 26.6  0  0 0 0

rOmp25 30 27.5 28 25.7 33 30.3 17 15.6  1 0.92  0  0 0 0

rOmp31 56 51.2 48 44.0  5  4.6  0 0  0 0  0  0 0 0

CSP of B. abortus 18 16.5 11 10.1 19 17.4 19 17.4 19 17.4 12 11 7 6.4
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samples of 91 (86.6%) cattle. Furthermore, 80 (76.1%) 
animals had the antibody titres in the range from 1 : 200 
to 1 : 3200 with an average antibody titre of 1 : 350 
(+10.2%; –9.3%). Mean i-ELISA antibody titre using 
rOmpBm-Ba, rOmp25 and rOmp31 were equal to 
1 : 260 (+4.2%; –4.0%), 1: 130 (+4.2%; –4.0%) and 
1 : 100 (+1.4%; –1.4%), respectively. A strong cor-
relation was found between the results of i-ELISA/
rOmpBm-Ba – i-ELISA/rOmp25 (0.94) and i-ELISA/
rOmpBm-Ba – i-ELISA/rOmp31 (0.85). The average 
correlation was observed between readings of i-ELISA/
CSP and the immunoassay using rOmpBm-Ba (0.63), 
rOmp25 (0.59) and rOmp31 (0.41).

The diagnostic value of i-ELISA/rOmpBm-Ba was 
tested in comparison with the bacteriological analy-
sis of pathological material (spleen, liver and lymph 
nodes) taken from 24 cows that reacted positively to 
brucellosis according to the results of the conventional 
tests that were used. The presence of anti-Brucella 
serum antibody (1 : 200-1 : 400) was confirmed by 
i-ELISA/rOmpBm-Ba in only 15 animals (62.5%). 
B. abortus was isolated from pathological material of 
6 heads, with positive results by both AT and/or CFT 
and immunoassay. On the whole, from animals with 
positive results of conventional tests and i-ELISA/
rOmpBm-Ba the pathogen culture was isolated in 25% 
and 40% cases, respectively.

Thus, the obtained results indicate a possibility of 
improving the diagnostics of bovine brucellosis based 
on the use of a multiprotein recombinant antigen. This 
requires the availability of several producer strains 
that synthesize the diagnostically important rOmps of 
Brucella spp. In our view, however, a more rational 
approach is to create a single strain that produces two 
or more immunodominant regions of the pathogen.

In this study, a combined recombinant protein, 
designated as rOmpBm-Ba, consisting of the immuno-
dominant regions of Brucella rOmp25 and rOmp31, 
has been successfully produced in E. coli and used to 
evaluate its antigenicity with the hope of increasing 
i-ELISA specificity for serodiagnosis of bovine brucel-
losis. The genes encoding rOmpBm-Ba were cloned 
and expressed in E. coli using the pET32 plasmids. The 
SDS-PAGE results showed the presence of a protein 
band of purified rOmpBm-Ba with mol.wt. 37.0 kDa. 
The expression of the rOmpBm-Ba fusion protein in 
E. coli was also confirmed by western blot analysis 
using His Tag MAb.

The antigenicity of rOmpBm-Ba as compared with 
rOmp25and rOmp31 has been tested on the sera of 
109 cattle with positive results to brucellosis accord-
ing to AT and/or CFT. The combined recombinant 
protein had a higher antigenicity than the single ones, 
because it confirmed the presence of Brucella-antibody 
in all serum samples with positive results of i-ELISA/
rOmp25 and/or i-ELISA/rOmp31. Moreover, 7.3% 
and 31.2% seropositive animals, respectively, were 

additionally revealed. This phenomenon, apparently, 
can be explained by the better availability of diagnos-
tically important epitopes of rOmp25 and rOmp31 in 
the composition of the combined protein, rather than 
in original ones.

i-ELISA using CSP of B. abortus as an antigen 
showed the presence of specific antibodies in sera of 
91 (83.5%) seropositive animals by conventional test. 
In our opinion, the smaller number of seropositive 
cows detected by i-ELISA based on protein antigens as 
compared to classical tests indicates the possibility of 
obtaining false-positive results by AT and/or CFT that 
detect the antibody against the S-LPS of the Brucella 
cell membrane (3, 14, 37). The higher antigenicity of 
B. abortus CSP as compared to recombinant proteins 
can be explained by the presence of nonspecific impu-
rities in the in the composition of the antigen, because 
this preparation obtained by Tabatabai and Deyoe (35) 
is also not devoid of polysaccharides of the cell wall. 
Therefore, they may react with the antibody to S-LPS 
of the smooth vaccine strains and/or the other Gram-
negative bacteria.

A comparative study of the diagnostic value of 
i-ELISA/rOmpBm-Ba and AT and/or CFT on the blood 
sera of cows subjected to a bacteriological examination 
at slaughter showed a higher reliability of the enzyme 
immunoassay using the combined Brucella recombi-
nant protein: of the serum samples from the slaughtered 
animals which were seropositive by conventional tests 
only 62.5% (15/24) have been positive by i-ELISA/
rOmpBm-Ba, and its results were confirmed in 6 (40%) 
of 15 cases. It is well known that although the recovery 
of the causative agent from the host is still the gold 
standard for brucellosis diagnosis, it has low sensitiv-
ity and can give somewhat ambiguous results (19). 
Therefore, the specificity of a test cannot usually be 
determined by culture isolation because some animals 
that are negative by the results of bacteriological assay 
are in fact infected (7, 28). Research is underway in our 
laboratory to conduct a more objective evaluation of 
the diagnostic accuracy of the combined recombinant 
protein of Brucella by challenging laboratory animals.
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