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Abstract
Brucellosis, a zoonotic disease is caused by Gram negative intracellular bacteria and leads to heavy economic looses to human
and dairy animals in India as well as other developing countries. For effective disease prevention and control, early and precise
diagnosis of disease is important. At present, the diagnosis of brucellosis in India is done by conventional serological test (rose
Bengal test or standard tube agglutination test) based on the antibody detection against lipopolysacchide (LPS) or whole bacterial
lysate. These tests may give false positive results due to cross reactivity to other pathogenic organisms. The present study was
designed to develop a recombinant outer membrane protein, which may be used to develop the sensitive and specific diagnostic
tests for bovine brucellosis. During the present study, the omp28 gene of Brucella abortus was amplified by PCR amplification
using specific primers. The amplified omp28 gene was digested with the restriction enzymes (BamHI and HindIII) and ligated
into the pET32b(+) vector. Thereafter, the ligated product was transformed into the expression host i.e. E. coli BL21 competent
cells. The recombinant cells were confirmed by blue white screening, colony PCR. The omp28 protein was purified by Ni-NTA
chromatography and further confirmed by western blotting with positive control bovine serum. This recombinant omp28 protein
may be used for the development of suitable diagnostic test such as ELISA or latex agglutination test.
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1. Introduction
buffaloes. Disease is transmitted from dam to
offspring before or at the birth, through milk, by
sexual contact, direct physical contact particularly
trouncing, from polluted environments, and from
eating spoiled raw meat mainly placenta and birth
products. The disease is usually clinically
characterized by abortion in the last trimester of

Microbes belonging to the genus Brucella are Gram
negative, facultative intracellular bacteria of zoonotic
importance affecting animals as well as human beings
all over the world (Dhama et al., 2013; Kim et al.,
2016; Gadaga et al., 2016; Kumar et al., 2016; Ciftci
et al., 2017). Most of Brucella species are species
specific as B. abortus mainly infect cattle and
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gestation, retention of placenta, weak calves and
reduced milk production in the female whereas
orchitis and epididymitis with sterility in male
(Radostits et al., 2000). In India as per the recent study
conducted by Singh et al., 2015, the economic losses
due to brucellosis are US$ 3.4 billion. Because of huge
economic losses and zoonotic impact of brucellosis,
efforts have been made to prevent the disease through
the use of live vaccines. Control of brucellosis is
completely dependent upon reliable methods for the
identification of Brucella infections in livestock as
well as in humans. The lipopolysaccharide (LPS) of
smooth Brucella species is the strongest antigen on
comparison with the other antigenic molecules. But
tests based on anti-LPS antibodies give false positives
due to cross-reactivity with several other Gramnegative bacteria viz., Yersinia enterocolitica O:9,
Salmonella species, Escherichia coli O157 due to the
high structural similarity of the O-polysaccharide
(OPS) structures (Corbel et al., 1985; Kittelberger et
al., 1995; Weynants et al., 1996; Nielsen et al., 2004;
Munoz et al., 2005; Ko et al., 2012; Mirkalantari, et
al., 2017). Therefore, various cytoplasmic or surface
components of Brucella spp such as outer membrane
protein (Chaudhuri et al., 2010; Kaushik et al., 2010;
Lim et al., 2012; Simborio et al., 2016) has been
investigated in detail for the purpose of disease
diagnosis and development of vaccine. On the basis of
their molecular weight, Brucella OMPs are divided
into three groups viz.; group 1 (94 kDa), group 2 (41–
43 kDa) and group 3 (30 kDa) (Verstreate et al.,
1982). The OMP 28 of 28 kDa belongs to group 3
antigens and it is a conserved and immunodominant
protein in the periplasm and this protein has been a
target molecule for detection of anti-Brucella
antibodies and development of vaccines (Cloeckaert
et. al., 2001; Chaudhuri et al., 2010; Lim et al., 2012).
Therefore, the present study was conducted to isolate
and purify the Omp28 protein from Brucella abortus.

Isolation and quantification of B. abortus DNA

2. Materials and Methods

E.coli cells harboring pET32b(+) plasmid were grown
for 4hrs in LB medium till the cell density reached
approximately 0.5 OD600. The cells were then
supplemented with 1mM IPTG and allowed to grow
further at 37oC for 3hrs. Now the culture sample was
centrifuged at 6000g for 30 min to pellet the cells and
the supernatant was discarded. The cell pellet was
resuspended in 2 ml urea lysis buffer for 1-2 hrs.
Inorder to pellet the debris and collect the clear
spernanat. The cell lysate was further centrifuged at
12000g for 15 min. the supernatant was mixed with

The genomic DNA was extracted from the Brucella
abortus strain 19 culture (lndian Immunological
Limited, Hyderabad) by phenol chloroform method
(Sambrook and Russel, 2001). The qualitative analysis
of genomic DNA was checked by ethidium brormide
stained agarose gel electrophoresis using a submarine
horizontal electrophoresis apparatus. Quantification of
DNA was done by the NanoDrop@ ND-1000
Spectrophotometer was used to measure the DNA
concentration. The 'nucleic acid" was selected on the
application module and the further measurements were
performed according to the user manual.
PCR Amplification and cloning of omp28 gene
A set of following specific primers were used for the
amplification
of
OMP28
gene:
F:5’GACGAACGGAATTTTTCCAATCCC 3’ and
R:3’TGCCGATCACTTAAGGGCCTTCAT 5’.
The PCR was performed for 33 cycles at 94oC for 30
seconds, 57oC for 30 seconds and 72oC for 50 seconds.
Inorder to overproduce the 28 kDa of B. abortus, the
amplified DNA was cloned into expression vector
pET32b(+).The amplified PCR product was digested
with the help of BamHI and HindIII restriction
enzymes to facilitate cloning. The vector was also
double digested with the same enzymes, so as to
facilitate a directional cloning of the gene into the
vector. The digested vector and PCR product was
purified using the DNA gel extraction Kit. The eluted
product was ligated to the pET32b(+) vector with T4
DNA ligase. The newly constructed vector was
transformed into calcium treated E.coli BL2l (DE3)
competent cells.
Induction of expression and purification of
recombinant protein

Procurement of Brucella
Brucella abortus strain 19 was used in the present
study to clone and express 28kDa omp gene.the strain
was provided by Dr. Amit Kumar, principal
Investigator of Indian Immunological Limited,
Hyderabad sponsored clinical trial for Brucella
abortus reduced dose vaccine at Department of
Veterinary Microbiology, DUVASU, Mathura.
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Ni-NTA agarose slurry and the lysate-resin mixture
was then loaded on to an empty 10 ml column. The
column was washed thrice with denaturing wash
buffer and finally eluted four times with denaturing
elution buffer. Renaturation of the denatured
recombinant protein was allowed by dialysing the
eluted product against PBS (pH 7.2) for 36 hrs at 40C
with three changes in the buffer. The eluted protein
was analyzed with SDS-PAGE.

extract in TBS-T for l hr. The primary antibody was
positive control for brucellosis so the membrane was
exposed to primary antibody at 1:100 dilutions in
TBS-T for 1hr at 370C. Now membrane was washed
with TBS-T three times for ten minutes and was
incubated with secondary antibodies rabbit anti bovine
IgG conjugated with horseradish peroxidase (Sigma,
USA) at 1:2000 dilution for 1 h at 37oC. The
membranes were washed three times for ten minutes
in TBS-T. Omp28 bands were visualized by a
colorimetric method using 3,3'-diarninobenzidine
tetrahydrochloride (DAB) as the substrate and
hydrogen peroxide solution.

SDS- PAGE analysis of Omp28 protein
The proteins were subjected to electrophoresis on
SDS- PAGE using a 12% polyacrylamide separating
gel stacked by a 5% polyacrylamide stacking gel
having composition as described by Laemmli (1970).
Protein samples were removed from -200C and mixed
with 6x sample buffer. Now the mixture was boiled at
1000C for 5 min. Gels were electrophoresed at a
constant current initially at 24mA and then at 35mA
until the blue dye front had nearly run out of the gel.
After that the gel was submerged in the staining
solution (Coomasie Brilliat Blue R-250) for l h
followed by overnight destaining in destaining
solution.
Immunochemical
protein

characterization

of

3. Results
Omp28 gene of Brucella abortus was amplified,
cloned into pET-32b vector and expressed in E. coli
BL21 (DE3) as a recombinant protein. The results
obtained in the present study are documented under
the following sub headings:
3.1 Extraction of Genomic DNA
Genomic DNA was extracted from Brucella abortus
strain 19 by phenol chloroform extraction method. The
extracted DNA was further analyzed for qualitative
analysis by ethidium bromide stained 1% agarose gel
electroplroresis. The DNA sample was visualized as
high molecular size distinct band (Fig. 1). The purity
and concentration of DNA samples as ratio of molar
absorbance coefficient at wavelengths 260nm and
280nm (A260/A280) and found between 1.7 and 1.9.
This genomic DNA was used as template for
amplification of gene of interest by polymerase chain
reaction.

Omp28

The electrophoresed proteins on the polyacrylamide
gel were electroblotted to a nitrocellulose membrane
using a Mini Trans-Blot@ Cell (BioRad, USA)
according to a standard protocol. The electrophoretic
transfer was conducted at a constant current of 45mA
for 3 hrs. After transfer the membrane was washed in
TBS-T (10mM TrisHCl, 100 mM NaCl, 0.1% Tween
at pH7.4) and then blocked with 3% non-fat milk
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electrophoresis of PCR product on 1 percent gel along
with 100bp molecular size DNA marker revealed
specific amplicon of size 753bp (Fig. 2).

3.2 PCR amplilication of omp28 gene
PCR amplification of omp28 gene was carried out by
using specific primer set. The agarose gel

3.3 Cloning of omp28 gene with pET 32b(+) vector

3.4 Expression of recombinant omp28 mature
protein using prokaryotic system

pET 32b(+) vector and purified PCR product were
digested with the same restriction enzymes, BamHI
and Hindlll. The digested omp28 gene and pET
32b(+)vector were again purified by GeneJet gel
extraction kit and ligated by T4 DNA ligases. Ligation
mix was used to transform Escherichia coli BL21
(DE3) competent cells. Transformed cells were seeded
on solid LB medium with IPTG and ampicillin and
incubated for 24-36 hrs. for colony development.
These colonies were screened for the presence of
insert into vector by colony PCR and later on
confirmed by plasmid PCR.

For protein expression, the recombinant plasmid
containing omp28 gene in Escherichia coli BL21
(DE3) cells were inoculated into 200 ml LB broth
medium supplemented with ampicillin (50 mg/ml).
When OD600 of the broth reached around 0.6 - 0.8
(approximately 4 hrs growth), the expression was
induced with 1mM IPTG and broth was further
incubated for 4hrs. On induction of the E. coli BL2l
cells harboring the recombinant plasmid with 1mM
IPTG for 4 hrs produced a predominant band of
approximately 28 kDa protein on SDS-PAGE (Fig.3).
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membrane. Upon transfer of recombinant protein on
nitrocellulose membrane and probing with the bovine
Brucella positive serum and HRPO conjugated antibovine antibody, the colour developed with
chromogen substrate, indicated that the 28kDa protein
corresponding to recombinant protein (Fig. 4). This
indicated that the expressed protein was of Brucella
specific epitope.

3.5 Immunoreactivity of recombinant Omp28 protein
The expression of Brucella abortus omp28 protein in
BL21 cells was confirmed by western blotting using
known bovine Brucella positive serum. The
recombinant omp28 protein was separated on SDSPAGE gel together with a protein molecular weight
marker, and then transferred to a nitrocellulose

diagnostic markers (Yizcatno et al., 1996; Lim et al.,
2012a; 2012b; Gomez 2016).

4. Discussion and Conclusion
Brucellosis, a zoonotic infection, is also recognized as
an emerging public health disease that is endemic in
most regions of the developing countries including
India. The source of transmission of human brucellosis
is animals. In cattle and buffaloes, it is mainly caused
by B. abortus i.e. responsible for almost 90-95% cases
of bovine brucellosis with exceptional incidence of
B. melitensis. Moreover, being intracellular bacteria it
is always difficult to diagnose and treat the infection in
both human and animals (Kumar et al., 2016). In spite
of such veterinary and public health importance of
Brucella infections, the sensitive and specific
diagnostic test for this disease is limited. Moreover,
the live attenuated Brucella ahortus vaccines that are
currently available induce a high-titer antibody
response against the O-polysaccharide of the LPS,
which interferes with the serologic diagnosis of the
disease. Among non-lipopolysaccharide antigen, the
outer membrane proteins (OMPs) of Brucella spp.
were initially identified in the early 1980s and have
been extensively characterized as potential
immunogenic and protective antigens (Golshani et al.,
20l5a; Abkar et a1.,2015; Simborio et a1.,2016; lm et
a1,, 2016). In addition, antibodies against a few
recombinant antigens, such as Omp25, Omp28 and
Omp31, have been studied and identified as potential

Outer membrane protein (Omp) can be a good
diagnostic candidate due to their antigenicity and
immunogenicity. Moreover, these Omps may also
produce species specific responses that can be of
further diagnostic value (Kumar et al.,2016). There are
5-7 major Omps in Brucella and out of these, Omp28
is considered as Brucella abortus specific and can be
of diagnostic value as for the success of a diagnostic
test it should be sensitive and specific and for that
either monoclonal antibodies or recombinant Omp
protein are recommended for the purpose. High level
expression of Brucella Omp28 was achieved in E. coli
system. Contrary to previous reports (Kumar et al.,
2008; zygmunt et al., 2002) we could detect majority
of expressed as inclusion bodies in the cytosol of the
cell. Formation of inclusion bodies is a common
feature when protein expresses at a high level.
Aggregate formation increased the stability of the
expressed protein. Expressed OMP28 protein could be
purified after several days of induction without
degradation of the protein. Keeping all these facts in
view, the present study was taken up to characterize
immunogenicity of omp28 gene for diagnosis of
bovine brucellosis. For detection of Brucella DNA,
various genes were targeted with different specific
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primers along with different thermocyclic conditions
(Gupta et al., 2006; Fretin et al., 2008; Huber et al.,
2009; Singh et al., 2010). In the present study, the
amplification of omp28 gene from Brucella abortus
was achieved by PCR using specific primers (Lim et
al., 2012). As expected, the amplicon of 753 bp was
amplified. The PCR amplified omp28 gene was cloned
into pET32b(+) vector and transformed into E. coli
BL21 (DE3) competent cells. Transformed cells were
plated onto LB plate containing ampicillin. The
individual colonies were confirmed by colony PCR
and Plasmid PCR using same primers and
thermocyclic conditions. The recombinant E. coli
clone containing gene of insert was grown in LB
medium and induced by IPTG and incubated for 4 hrs
in shaking conditions. The harvested cells after lysis
were subjected to SDS-PAGE for analysis expressed
proteins. The SDS-PAGE analysis revealed the
presence of distinct protein band of rOmp28 with
molecular weight of approximately 28 kDa after
staining with commassive brilliant blue. The desired
protein band was absent in uninduced clone. This
molecular weight was agreed with the theoretically
molecular weights prediction of the expressed
rOMP28 fusion protein. Similar findings have also
been reported in case of E. coli expression system by
various workers (Kumar et al., 2008; Lim et al.,
2012a). After expression with IPTG, the recombinant
omp28 protein was purified under denatured
conditions using 8M urea. Cells were lysed by lysis
buffer and clear cell lysate was purified by Ni-NTA
chromatography. The recombinant protein that bound
to the Ni NTA agarose was eluted using a pH gradient.
Omp28 protein was expressed with N-terminal
histidine tag, and thereby could be purified by using.
Ni-NTA agarose resin. High purity of recombinant
protein was obtained by this method. Use of histidine
tag as a fusion partner has also been used for affinity
purification of recombinant protein (Thavaselva et a1.,
2010; Lim et al., 2012a; Simborio et at., 2015). The
purified protein's purity was checked by SDSPAGE
analysis by staining with Coommassie blue. Protein
estimation was done by Bradford method, where the
concentration
of
recombinant
protein
was
approximately
3.1
mg
protein/ml.
The
immunoreactivity of the expressed protein was
confirmed by western blotting. The blots of rOmp28
reacted with Brucella-positive bovine serum.

time and also takes into account the safety aspects
associated with handling Brucella abortus in the
laboratory for preparation of LPS antigen. The
rOmp28 protein can also be used for the development
of field test or pen side detection and latex
agglutination test to avoid the expenditure of costly
equipments.
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