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Abstract

serologic tests for brucellosis aim to detect antibodies produced against membranous lipopoly-
saccharide of bacteria. diagnostic use of this method is limited due to false positiveness. this study 
evaluates an alternative antigen to lipopolysaccharides (lPs), outer membrane 28-precursor-protein, 
of brucella melitensis rev1 for its diagnostic value. omp28 precursor of b. melitensis rev1 was cloned, 
expressed, and purified. 6-his and sumo epitope tags were used to tag the protein at n-termini. omp28 
gene was amplified based on the orF sequence and cloned into a petsumo vector. the recombinant 
construct was propagated in escherichia coli one shot® Mach1™ cells then transformed into E. coli 
bl21(d3) cells for protein expression. the purified protein was studied in an indirect elIsa for diagno-
sis of brucellosis. sera samples from 60 patients were screened by elIsa and the results were compared 
to rose bengal plate test. recombinant antigen-based ielIsa has given a successful outcome with the 
sensitivity, specificity, positive predictive value, and negative predictive value of 87.8%, 96.2%, 96.6%, 
and 78.78%, respectively. In conclusion, recombinant production and purification of the immunodomi-
nant omp28 precursor protein has been achieved successfully in a one-step process with efficient yield 
and can be used for diagnosis of brucellosis in humans.
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Introduction
brucella spp. are a group of facultative intracellular 

bacteria that parasitise humans and many animal species 
[1, 2]. More than half a million new cases of human bru-
cellosis are reported annually in the world [3]. Due to the 
challenging nature of the disease course and some prob-
lems in diagnosis, brucellosis remains a major human 
public-health problem, especially in rural communities 
in many countries. Chronic infections in humans with 
brucella melitensis are common [4, 5], and the incidence 
of brucellosis in livestock is an economic burden due to 
decreased productivity, increased animal loss, and weak 
offspring as well as having a crucial impact on the trade 
and export of livestock. Human brucellosis has a chronic 
course characterised by fever, chills, and malaise, requiring 
six weeks of therapy with at least two appropriate anti-

biotics to achieve a cure [6]. The primary method of the 
diagnosis is still bacteriological isolation, but the culture 
has some drawbacks, including low rate of isolation suc-
cess, no availability for immediate results, and burdensome 
processing of large numbers of samples making bacterial 
culture a low throughput method. Thus, in medical practice 
serological tests are primarily used for diagnosis of brucel-
losis. Classical serological techniques rely mainly on the 
detection of antibodies to lipopolysaccharide (LPS), a large 
endotoxin molecule residing on the outer membrane of the 
bacteria [7]. Serological tests, established on a principle 
of the demonstration of specific antibodies against the 
bacterial components, are used widely in the field for the 
diagnosis of brucellosis as an alternative to culture. The 
most popular ones are the Rose Bengal plate agglutination 
test (RBPT) and the standard tube agglutination test [8].
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High cross-reaction rates against several Gram-nega-
tive bacteria including yersinia enterocolitica O:9, esche-
ricia coli O:116/O157, salmonella urbana, Francisella 
tularensis, and Vibrio cholerae form the major clinical 
limitation of smooth form lipopolysaccharides (S-LPS), 
although it is still widely used due to its high immunoge-
nicity and strong antigenicity [9–11]. Cross-reactions are 
the reason for false-positive results creating difficulties 
in accurate diagnosis of brucellosis [12]. In the literature, 
many studies have been conducted to overcome cross-re-
action-related problems, aiming to identify alternative 
candidate diagnostic antigens evoking specific immune 
response. Various membranous, cytoplasmic, and periplas-
mic proteins have been identified as immunoreactive mol-
ecules [13–20]. Identification of outer membrane proteins 
(OMPs) of brucella sp. was made in the last quarter of the 
20th century [21]. Since then, they have been found to be 
potential antigenic components possessing strong immuno-
genic and protective effects [22, 23]. One of them, OMP28 
precursor, is a periplasmic immunodominant antigen used 
as a target molecule evoking the production of anti-brucel-
la antibodies for detection [24, 25].

In addition to the advantage of being in a field-usable 
format, ELISA provides high sensitivity and specificity, 
especially with the use of highly specific recombinant an-
tigens like OMPs [26]. To further improve the specificity 
and sensitivity of ELISA, very pure immunoreactive bac-
teria-specific antigens are required. For this purpose, syn-
thesis and assaying of the recombinant OMP28 (rOMP28) 
precursor protein were targeted. In the present study we 
described expression and purification of b. melitensis Rev1 
OMP28 precursor protein in a generally accepted bacterial 
expression system, and addressed the diagnostic potential 
of the purified recombinant protein for screening human 
sera collected in a rural area.

Material and methods

Bacterial strains and chemicals

brucella melitensis Rev1 vaccine strain (Biovar 1) was 
obtained from Dollvet (Veterinary Vaccine, Medicine, Bi-
ological Article Generation Industry and Trade Inc., San-
liurfa/Turkey). escherichia coli One Shot® Mach1T1R™ 
served for cloning and plasmid amplification. e. coli BL21 
(DE3) served as the expression host. Bacterial strains were 
stored at –80°C until the time of use. Champion™ pET 
SUMO Protein Expression System was purchased from 
Invitrogen, USA. GenElute™ Plasmid Miniprep Kit, Ly-
sozyme from chicken egg white, dNTP Mix, Taq DNA 
Polymerase, ampicillin, kanamycin sulphate, and albumin 
from bovine serum (BSA) were purchased from Sigma- 
Aldrich, USA. Antigen of RBPT was obtained from Pen-
dik Veterinary Control and Research Institute. Ni-NTA 
colon was purchased from Thermo (USA).

Serum samples

A total of 60 patient samples collected from local hos-
pitals and 30 control samples from asymptomatic healthy 
voluntary donors were used in this study. All participants 
were informed about the experimental procedures, and their 
signed consents were obtained. All the procedures were ap-
proved by the Ethics Committee of the Harran University 
according to the principles of the Declaration of Helsinki.

Genomic DNA extraction
Genomic DNA from the inactivated (0.5% formalde-

hyde) b. melitensis Rev1 strain grown in Trypticase Soy 
Broth was purified using GF-1 Bacterial DNA Extraction 
Kit (Vivantis, Malaysia) as recommended by the manufac-
turer and analysed by separation in 1% agarose gel electro-
phoresis. DNA concentration and purity were determined 
by spectral absorbance. All samples were stored at –80°C 
until use.

Cloning into pETSUMO expression vector
brucella melitensis Rev1 gene was amplified by PCR. 

The target region encoding the OMP28 precursor gene 
consisting of 753 bp was amplified using specific prim-
ers designed based on the b. melitensis Rev1 gene se-
quence recorded in the GenBank database with accession 
number AY634231.1 (forward: 5’-ACATTGGATC-
CATGAACACTCGTGCTAGC-3’) (reverse: 5’-CGGC-
CAAGCTTTTACTTGATTTCAAAAACGACA-3’). PCR 
conditions were: hot start at 94°C for 3 min, followed by 
30 cycles of denaturation at 94°C for 3 min, annealing at 
65°C for 45 sec, and extension at 72°C for 1 min. Then 
a final extension step of 10 min at 72°C was performed. 
PCR product was cloned into the pETSUMO expres-
sion vector possessing cloning and expression vectors, in 
which a recombinant protein includes a six-histidine and 
sumo tag at the N-terminal end for easier purification and 
SUMO protease activation. The resulting construct was 
transformed into competent One Shot® Mach1 e. coli (In-
vitrogen, USA) host cells. Kanamycin-resistant colonies 
were grown until OD

600
 = 0.5 in LB medium containing 

50 μg/ml of kanamycin, at 37°C with agitation. Sequenc-
ing-based verification for the integrity and the orientation 
of the newly synthesised amplicon was done by a genetic 
analyser (ABI PRISM® 310 Genetic Analyzer). The re-
combinant plasmid (pETSUMO-OMP28 precursor) was 
then transformed into e. coli One Shot® BL21(DE3) (Invi-
trogen, USA) host cells.

Expression of His-SUMO-OMP28 precursor 
fusion protein

An overnight culture of the e. coli One Shot® BL21 
(DE3) that harboured pETSUMO-OMP28 precursor ex-
pressing the OMP28 precursor protein with poly-His tag 
and SUMO fusion was diluted at 1 : 50 in 0.5 l fresh LB 
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broth containing 50 μg/ml kanamycin, and grown at 37°C 
with vigorous shaking (250 rpm) as reported by Liu et al. 
in a technically similar approach [27]. When OD

600
 reached 

0.5, the expression of the pETSUMO-OMP28 precursor 
recombinant protein was induced by adding 1 mM IPTG 
for an additional six hours at 37°C shaken at 300 rpm.  
The cells were washed in 10 mM sodium phosphate buf-
fer (pH 8.0) and collected by centrifugation at 6000 g for  
20 min. Cell pellets were stored at –20°C.

Purification of SUMO fusion protein
His-SUMO-OMP28 precursor fusion protein was 

purified by immobilised nikel affinity chromatography 
(Ni-NTA, Thermo). The frozen cells were taken to room 
temperature (RT), lysozyme (1 mg/ml) was added and the 
mixture was left for 30 min on ice. Samples were lysed 
with cold denaturing lysis buffer (100 mM NaH

2
PO

4
,  

8 M urea, 1% tritonX-100, 10 mM imidasole and Tris-HCI 
[pH 8.0]) with stirring for 10 min at RT and was then sub-
jected to a sonication step (40% range, 10-sec impulse, and 
10-sec pauses). The sonicated samples were centrifuged at 
10,000 rpm for 30 min. The recombinant fusion protein 
within clarified supernatant was loaded onto a Ni–NTA 
resin affinity chromatography column equilibrated with 
binding buffer (10 mM imidazole, 8 M urea (1% triton 
X-100, PBS, pH 7.4). Nonspecific binding was washed 
away. After three cycles of washing (20 mM imidazole,  
8 M urea, triton X-100 1%, PBS, pH 7.4), the fusion pro-
tein was eluted with adequate volumes of elution buffer 
(300 mM imidazole, 8 M urea, triton X-100 1%, PBS,  
pH 7.4). After the purification step, the urea was removed 
using dialyse with a decreasing concentration of urea in 
a linear gradient from 6 to 0 M, and the recombinant pro-
tein was eluted with imidazole gradient (0–0.5 M) in a so-
dium phosphate buffer (20 mM, pH 8.0). By this process, 
the protein could shape its native form by folding. 

SDS–PAGE, Western blotting, and protein 
determination

The expressed recombinant protein was purified by 
Ni-NTA chromatography, separated on SDS-PAGE, and 
confirmed with western blot analysis using anti-his anti-
body [28, 29]. In brief, following separation of the cell 
extracts on 12% SDS-PAGE and staining with Coomassie 
Blue, the recombinant protein samples were transferred 
to PVDF membrane (Sigma-Aldrich) blocked with 1% 
BSA in PBST (PBST/BSA, pH 7.4, 0.1% Tween 20).  
The membrane strips were then incubated with monoclonal 
anti-His-tag antibody with gentle shaking at a dilution of  
1 : 5000 for 1 h at RT. Alkaline phosphatase (AP)-con-
jugated goat anti-mouse γ-chain specific antibody (Sigma- 
Aldrich) solution was then applied for 1 h at RT with shak-
ing. As soon as a colour reaction was observed with the 
addition of BCIP/NBT, the reaction was ceased by adding 

a stop solution. Protein concentration was determined by 
the Bradford method spectrophotometrically at 595 nm [30].

Cleavage-driven separation of SUMO fusion 
protein and target protein purification 

The dialysed fusion protein was subjected to SUMO 
protease treatment (1 U per 50 μg fusion protein) at 30°C 
for 1 hour as reported by Wang et al. [31]. By subtracting 
the 6 × His-tagged proteins, which are both SUMO and 
SUMO protease, we purified and eluted OMP28 precursor 
by nickel column with Ni–NTA resin. Acquired proteins 
with high-UV values, as desired at A

280
,
 
were collected. 

The purified proteins were run on SDS–PAGE and stored 
at –80°C for iELISA assay.

Agglutination assays for antibody detection

The standard method for RBPT on glass plate was fol-
lowed [8]. Sera samples and antigen were brought to RT  
30 μl of antigen and 30 μl of serum were loaded on a glass 
slide and mixed thoroughly. Any degree of agglutination vis-
ible within 3 min was considered as a positive sera sample.

iELISA with purified OMP28 precursor

Serum samples were quantified if an antibody ac-
tivity was present via an indirect microplate IgG ELISA  
(iELISA), and the method was standardised using newly 
purified OMP28 precursor as described by Liu et al. [27]. 
In detail, 96-well polystyrene plates (Corning, Corning, 
NY, USA) were loaded with the purified OMP28 precursor 
protein diluted in carbonate–bicarbonate buffer (25 mM, 
pH 9.6) at a concentration of 20 μg/ml, 100 μl/well and 
incubated overnight at 4°C for coating. Emptied and 
washed with 10 mM phosphate-buffered saline – 0.05%  
Tween 20 (PBST), the wells were then blocked with a solu-
tion of PBST and 2% BSA (Sigma) to prevent nonspecific 
binding sites, followed by PBST wash. Serum samples, 
100 μl in volume, at a dilution of 1 : 100 in PBST-BSA, 
were transferred to the wells in duplicate including positive 
and negative serum samples and PBST-empty controls. 
The plate was incubated for 60 min at 37°C, then washed 
again and filled with 100 μl of HRP-conjugated goat anti- 
human IgG diluted 1 : 1000 in a solution of PBST-BSA. 
Incubation for 60 min at 37°C with primary antibody was 
followed by the discarding the plate content and washing 
with PBST. 100 μl of the HRP substrate working solution 
was prepared immediately before use, as follows: 100 μl 
of TMB-A and TMB-B stock solution was added. Colour 
development was visualised at 37°C for 8-10 min in the 
dark, and the reaction was stopped by adding stop solution 
made by 50 μl 2 M H2

SO
4
. The plate was read at 450 nm 

with an ELISA reader (Spectra M5). The cutoff value of 
OMP28 precursor-iELISA system was calculated as the 
mean specific OD

450
 nm of control (negative) sera plus 

threefold standard deviation (SD).
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Evaluation of sensitivity and specificity  
of OMP28 precursor-iELISA

In relation to well-established RBPT, the sensitivity 
and specificity of rOMP28 precursor-iELISA were calcu-
lated using test samples including human brucella-positive 
and brucella-negative sera (n = 30/group), as described by 
Fawcett [32].

Results

Amplification, cloning, and sequencing  
of the OMP28 precursor gene

The amplification of OMP28 precursor gene formed 
a main fragment of approximately 753 bp. Using a highly 
effective combined cloning-expression vector employing 

a direct A/T cloning method, the PCR product was cloned 
successfully in the pETSUMO expression vector. The in-
tegrity of the constructed vector pETSUMO-OMP28 pre-
cursor was confirmed by using specific primers with PCR. 
The PCR fragments were loaded on 1% agarose gel, stained 
with EtBr, and visualised using a gel documentation sys-
tem. Specific bands matched the corresponding size of the 
OMP28 precursor (Fig. 1A). The nucleotide sequence of 
the cloned product was confirmed with a perfect match with 
the reported sequence of the OMP28 precursor gene for 
b. melitensis Rev1 (GenBank accession no. AY634231.1).

Expression and purification of the recombinant 
His-SUMO-OMP28 precursor fusion protein

We achieved high quality expression of His-SUMO-
OMP28 precursor protein. The results suggested that an 

Fig. 1. Amplification, cloning, and confirmation of the OMP28 precursor gene. A) Confirmation of the cloning of  
B) melitensis Rev1 OMP28 precursor gene into pETSUMO expression vector. M: DNA size marker, (lanes 1–3); OMP28 
precursor gene. B) Expression of His-SUMO-OMP28 precursor fusion protein by using 1 M IPTG at different hours (lane 1); 
baseline/hour zero (lane 2–4); 6th–7th hours IPTG (–). M: marker (lane 5); hour zero (lane 6); 1st hour, (lane 7–9); 6th–8th 
hours IPTG (+). C) SDS-PAGE analysis of the protein extracts made with denatured and native methods (lane 1–2); 
supernatant obtained by native lysis (lane 3–4); total cell lysates, obtained with the native lysis. M: marker (lane 5); total 
cell lysate obtained by denatured lysis (lane 6); the pellet of lysis obtained with the native, applying denaturing lysis. 
D) SDS-PAGE analysis of protein purification step by Ni-NTA affinity column (lane 1–2); total cell lysate (lane 3); 
binding fraction (lane 4–6); washing fraction (lane 7–8); elution fraction

A

C D

B
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IPTG concentration of 1 mM and 6 h of incubation with 
shaking following transfection induction were at the de-
sired level for the expression of the protein. Results in-
dicated that e. coli bl21 (DE3) harbouring His-SUMO-
OMP28 precursor expressed the His-SUMO-OMP28 
precursor protein with a molecular weight of approximate-
ly 40 kDa (Fig. 1B). 

Protein solubility is an important issue, so we deter-
mined the solubility via lysing the cells by treating native 
buffer containing lysozyme on ice followed by a sonication 
step. Collected lysate was centrifuged at 10,000 rpm for  
30 min, separating the soluble protein components in su-
pernatant and insoluble material in a cell pellet. The major-
ity of the expressed His-SUMO-OMP28 precursor protein 
was found in the insoluble fraction accumulated as insol-
uble aggregates called inclusion bodies. The extraction 
and purification of those aggregates requires a denaturing 
environment created by 8M urea. Under such conditions, 
about 30 mg protein is purified from 1 litre of induced 
culture (Fig. 1C). 

Native and urea-rich conditions were applied success-
fully for purification. Protein of interest tightly bound to 
Ni-NTA agarose was eluted using pH gradient. After re-
petitive cycles of washing and elution, the products were 
analysed by SDS-PAGE. Eventually the expressed protein 
was purified with an efficiency greater than 90% (Fig. 1D). 

Following the purification by Ni-NTA affinity chroma-
tography, the protein was eluted from polyacrylamide gel 
and Western blot analysis was carried out. A single band 
corresponding to a size of approximately 40 kDa matched 
to the recombinant His-SUMO-OMP28 precursor protein 
(Fig. 1C and Fig. 2).

In the same cloning reaction, an additional protein of 
size 13 kDa from the vector including the 6xHis-SUMO 
tag was co-expressed with the complete OMP28 precur-
sor protein. When SUMO is fused to the N-terminus of 
OMP28 precursor protein, cleavage by SUMO protease 
resulted in the production of native proteins (Fig. 3).

iELISA on the basis on OMP28 precursor 
protein resembles a reliable immunoassay  
in comparison with standard agglutination tests 

The efficiency of purified OMP28 precursor was 
studied in an indirect enzyme-linked immunosorbent as-
say (iELISA) for diagnosis of brucellosis in samples col-
lected from a rural area. Employing confirmed negative 
and positive serum samples for the disease, it has been 
documented that OMP28 precursor is strongly immuno-
reactive to brucella-infected human sera. Sixty samples 
were tested by iELISA developed on the basis of OMP28 
precursor antigen, and the results were evaluated along 
with RBPT results. iELISA assay was considered pos-
itive when the mean absorbance value was greater than 
four SDs above the mean value for the healthy controls.  
The mean absorbance value and SD for the healthy sub-

Fig. 2. Western blot analysis of the recombinant His- 
SUMO-OMP28 precursor protein. M: marker. Western blot 
analysis of the whole cell lysate of non-purification (lane 1), 
and protein elution fraction (lane 2–3) by mouse monoclonal 
anti-His-tag antibody. The single band shows the expression 
of His-SUMO-OMP28 precursor protein 

Fig. 3. SDS-PAGE analysis of cutting and purifica-
tion steps of His-SUMO-OMP28 precursor protein by 
sumo protease. M: marker (lane 1); purified His-SUMO-
OMP28 precursor protein (lane 2); the products generated 
by cutting of His-sumo-OMP28 recombinant protein with 
SUMO protease; the top band represents uncut recombi-
nant His-Sumo-OMP28 fusion protein at around 40 kDa, 
the middle one is OMP28 precursor protein at around  
25 kDa, and the bottom band represents His-SUMO pro-
tein (lane 3); native OMP28 precursor protein attained 
after Ni-NTA affinity column application of SUMO- 
protease-treated protein product
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monly employing two separate vectors designed for clon-
ing and expression in order to achieve stable cloning of the 
genetic material and successful initiation and maintenance 
of the expression of recombinant protein [34, 35]. In these 
and similarly conducted studies, restriction enzymes have 
been extensively used from delivery of PCR products into 
the cloning vector to the transfer of the cloned gene into 
the expression vector. In the present study, we successfully 
used pETSUMO cloning-expression vector employing di-
rect A/T cloning method enabling us to reduce the number 
of time-consuming steps in the whole extraction process. 
There is general consensus that the use of microbial sys-
tems in recombinant protein synthesis was one of the turn-
ing points for biological and immunological studies. In this 
machinery, the choice of appropriate vectors is important 
and greatly influences the success of the protein synthesis. 
The major things to be considered are the structure of the 
vector with a number of combinations of replicons, the 
type of selection markers, carrying strong promoters, mul-
tiple cloning sites (enough to manipulate), and inclusive-
ness of fusion-protein removal strategies. We have chosen 
and employed pETSUMO cloning-expression vector, and 
succeeded with the downstream steps eventually achieving 
a good amount of our target recombinant protein. 

Different extraction-lysis solutions have been used 
to purify expressed proteins. In some studies, protein ex-
traction was made via native extraction methods [12, 36, 
37], while others used denaturing methods. We preferred to 
use the denaturing lysis method because we observed that 
the expressed recombinant protein was in cytoplasm. Our 
data indicated that the major localisation of the expressed 
protein was inside the inclusion bodies within the pellet of 
cell lysate in the cells. Chaudhuri et al. [12] achieved the 
production of recombinant b. melitensis 16M rOMP28 pro-
tein as 1.2–12 mg/l in native conditions and 90–150 mg/l in 
denaturing conditions, by testing various vector and expres-
sion procedures. The most important factor determining the 
increased efficiency in protein retrieval was suggested to be 
the use of β-mercaptoethanol, a strong reducing agent. We 
achieved a total of 30 mg/l recombinant protein production 
in this study without using β-mercaptoethanol, due to its 
harmful effect on the Ni-NTA column we used in the puri-
fication step. In future, we anticipate that it may be possi-
ble to increase protein retrieval if a column not sensitive to 
β-mercaptoethanol is used. 

Recombinant brucella proteins targeted in previous 
research studies have generally been produced with n- or 
C-terminal polyhistidine sequence, called His-tag [14, 17, 19, 
38, 39]. Due to the tag portions, the proteins synthesised in 
this way usually lack their natural (natively folded) forms. In 
the present study, recombinantly produced protein was treat-
ed with sumo proteases, and His-SUMO tags were removed 
to allow the recombinant protein to assume its native form.

Establishment of an advanced, efficient diagnostic tool 
for brucellosis is critical for both preventing the spread 

jects in the study was 0.17 ±0.04, and a sample was con-
sidered positive when the mean absorbance of the mea-
surements was greater than 0.33. Recombinant OMP28 
precursor antigen-based ELISA has shown sensitivity of 
87.8%, specificity of 96.2%, positive predictive value of 
96.6 %, negative predictive value of 78.78 %, and accuracy 
of 91.6% (Table 1). 

Discussion
Brucellosis is a formidable zoonotic infection caused 

by a bacterium equipped with atypical virulence factors. 
Due to its wide distribution in both animals and humans, 
the disease is recognised as an emerging public health 
problem, especially in developing countries. Brucellosis 
has a huge economic impact and serious medical conse-
quences. Thus, studies aimed at early detection and pre-
vention of the disease, including the establishment of 
new diagnostic tools, have been made for recent years. 
Diagnosis of the disease is generally carried out by bac-
terial isolation and characterisation from blood samples.  
The procedures currently used in the serological diagnosis 
of brucellosis are complement fixation test, Rose Bengal 
plate test, standard tube agglutination test, and milk ring 
test assay [15, 33].

The drawbacks of primary cell culture are slow growth 
rates of bacteria delaying both the diagnosis and the treat-
ment for days, and low sensitivity [15, 33]. Similarly, se-
rological tests, which are established based on the principle 
of the detection of primary antibodies produced against 
LPS located on bacterial cell membrane, suffer from high 
rates of false-positivity due to cross-reactivity issues with 
other Gram-negative bacteria [13–15]. Therefore, many 
research studies have shared a major goal in immunolo-
gy, which is the identification of an alternative antigen-
ic target instead of LPS, to overcome the drawbacks of 
LPS antigen and to increase the sensitivity of serological 
tests [13–15, 17]. The present study aimed to elucidate if 
the full-length recombinant OMP28 precursor protein of  
b. melitensis Rev1 displays immunoreactivity strong 
enough to establish an ELISA-based diagnosis. 

Successful amplification followed by efficient cloning 
and steady expression of a target gene by utilising appro-
priate vectors are the core steps in recombinant protein 
synthesis. The literature includes many recent studies com-

Table 1. Reliability comparison: new iELISA and RBAT

OMP28 
precursor 
iELISA

Rose Bengal agglutination test

Brucellosis (+) Brucellosis (–) Total

Brucellosis (+) 29 1 30

Brucellosis (–) 4 26 30

Total 33 27 60
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of the disease and reducing diagnosis and treatment costs. 
ELISA-based tests seem more appropriate to obtain ac-
curate and fast diagnosis in chronic and complex clinical 
situations when compared to other diagnostic modalities 
[40]. In order to establish a basis for new ELISA tests, 
various brucella proteins recombinantly synthesised us-
ing genomic databases and their diagnostic potentials have 
been determined [14, 17, 19, 39]. 

In a study on b. abortus strain 99, an avidin-biotin 
ELISA (A-B ELISA) kit was produced for the diagnosis of 
cattle brucellosis using bacterial lipopolysaccharide as the 
primary antigen [33]. Infected and healthy cattle serum sam-
ples, 500 for each group, were tested, and ELISA produced 
successful results with 98.8% specificity and 98.2% sen-
sitivity. Cassataro et al. recombinantly expressed OMP31 
protein of b. melitensis strain 16 M through cloning to 
Pet22+ vector and assayed the immunodiagnostic potential 
by indirect ELISA method [5]. Seventy-four humans, 57 
sheep, and 47 dogs with brucella infection were included 
in the study, and the obtained serum samples were assayed.  
The sensitivity of rOMP31 protein ELISA in humans, sheep, 
and dogs were, respectively, 47%, 59%, and 67%. b. mel-
itensis s16M rOMP28 protein was used in another study 
utilising pPROExHTb vector for cloning. Chaudhuri et al. 
[12] synthesised the recombinant protein with n-terminal 
His-tag, and the diagnostic value of this protein in brucel-
losis was evaluated in serum samples of various infected 
animals by ELISA, achieving high sensitivity and specificity 
at around 90%, which is similar to the results of the present 
study. In a recent study from China, involving 35,000 new 
brucella cases that arose in 2010, BP26 protein from b. mel-
itensis vaccine strain M5-90 was recombinantly produced, 
and the characterisation of the protein and the identification 
of its immunogenic epitopes were determined using newly 
synthesised monoclonal anticors. rBP26 and NMP peptides 
of the protein with highly immunogenic epitope sites were 
tested by ELISA and demonstrated 70% and 90% specific-
ity, respectively [18]. OMP28 of b. abortus was cloned via 
a pMAL expression system by Lim et al., and rOMP28- 
ELISA was developed and tested on bovine brucellosis 
yielding successful results with sensitivity, specificity, and 
accuracy of 96.7, 95.4, and 96.2%, respectively [41]. Mul-
tiple recombinant OMPs have been used as a single anti-
genic coating on an indirect ELISA system in two consecu-
tive studies conducted by Ahmed et al. [42, 43]. rOMP25, 
rOMP28, and rOMP31 of b. melitensis were successfully 
cloned via a prokaryotic pET-32 Ek/LIC system and used 
as the single major antigenic target to distinguish vaccinated 
and infected animals by serologically achieving the sensi-
tivity-specificity ratios of 100–100% for an experimental 
study on mice and 94.44–84.62% for caprine brucellosis. 
In another study designed similarly on Korean cattle bru-
cellosis, rOMPs 10, 19, and 28 of b. abortus were used in 
combination. The achieved ELISA results have given rise 
to highly encouraging outcomes of reactivity tests with 

high sensitivity, specificity, and accuracy [44]. In the pres-
ent study, we developed an ELISA test using recombinant 
production of a membrane protein, OMP28 precursor protein  
of b. melitensis Rev1 lacking a tag portion in a native way, 
and achieved promising results with high sensitivity, specific-
ity, and accuracy rates in human brucellosis.

In conclusion, recombinant production and purification 
of the immunodominant OMP28 precursor protein has been 
achieved successfully in a one step process with efficient 
outcome. This study demonstrated that indirect ELISA 
established on the recombinant OMP28 precursor protein 
yielded high sensitivity and specificity for the detection of 
anti-brucella antibodies in human sera collected from dif-
ferent hospitals in our province. Hence, it can be concluded 
that recombinant b. melitensis OMP28 precursor could be 
used as a protein antigen for diagnosis of brucellosis in hu-
mans. The same antigen could also be potentially used in 
diagnostic tests in animals suffering the same disease, such 
as sheep and goat, if further studies were conducted in those 
samples. This study has also shown that immunoreactive 
OMP28 precursor protein of b. melitensis Rev1 could be 
expressed at a high level in the e. coli system and further 
purified to almost homogeneity in a single step.
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