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Abstract
Brucellosis is one of the current zoonotic diseases, still a health hazard in many countries, and progressive research programs are necessary
to control and eradicate this disease in endemic areas. Outer membrane proteins (OMPs) are capable of allocating immunity and protection
antigen in mice. CagA is an immunogenic protein of Helicobacter pylori. Because OMPs are part of Brucella spp, they have been
conferred as potential immunogenic and protective antigens. In this study, the gene sequence which encoding TN-OMPs was obtained
from GenBank. To estimate the 3D structure of the protein, modeling, prediction of secondary and tertiary structure, immunogenicity,
allergenic sites and antigenic B-cell and T-cell epitopes were performed. The conserved domain of proteins was obtained and the epitopes
of TN-OMPs were capable of inducing both B-cell and T-cell mediated immune responses. CagA is a cellular immunogenic protein that
induces a Th1 response. The OMPs of Brucella could be used as a suitable vaccine candidate versus brucellosis.
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Introduction
Brucella spp. are gram-negative and facultative intracellular
bacteria, an α-2 proteobacteria subdivision, which cause
brucellosis, abortion in animals, and Malta fever in humans.1
Brucellosis is the most common zoonotic disease in the
world, found mainly around the Mediterranean Sea, South
America, and the Middle East. More than 500 000 new cases
of brucellosis are reported annually.2 The diverse symptoms
of this zoonosis disease in humans contracted, through
contact with a contaminated animal, is prostatitis, spondylitis,
encephalitis, orchitis, and arthritis.3 Three families of the
outer membrane protein (OMP) of Brucella have been
identified: group 1 (94 or 88 kDa), group 2 (36-38 kDa),
and group 3 (31-34 and 25-27 kDa).4 The OMP of Brucella
have been identified as the protective immunogenicity, and
currently, research for the development of a subunit vaccine
is increasing through the exploitation of the outer membrane
and other ribosomal proteins.5 The OMP28 (bp26) of Brucella
has been identified as an immunodominant periplasmic
antigen.6 It is highly conserved in the Brucella genus and

capable of inducing both humoral and cellular immunity.7 The
OMP31 expresses all species of Brucella abortus.8 The OMP31
of Brucella melitensis had 34% homology with OMP25 of
Brucella abortus, and the C-terminal OMP31 of B. melitensis
has phenylalanine that is essential for bacterial surface
translocation.9 The cytotoxin-associated gene A (CagA) is a
120-128 kDa part of the cag pathogenicity island (cagPAI)
that has been identified as an immunodominance protein,
the 5′-region missing phosphorylation motifs (EPIYA-A,
-B, -C, or -D) of which are the cancer domain.10 Currently,
brucellosis is controlled in animals by using the live attenuated
vaccines of Brucella as melitensis Rev 1 and B. abortus S19
and RB51.11 The disadvantages of these vaccines are that they
are unsafe for use in humans, they cause abortions in sheep,
the immunization is short-lived, and pathogenicity returns.12
Since Brucella is intracellular bacteria and immunity against
Brucella are both cellular and humoral immune responses,13
most vaccine candidates can induce antibodies, CD4+, CD8+,
and especially IFN-γ, the main role of which is to induce
macrophage activity.14 A 48-72 amino acid of OMP31 of
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Brucella does not elicit a humoral response, but the cellular
and Th-1 are required.15 The antibody responses of OMP31
and bp26 obtain low levels, but IFN-γ is induced by the epitope
of bp26: 6-8-11-12 and epitope of OMP31: 12.16 In the current
study, OMP31, bp26 of Brucella, and cellular immunogenic
CagA of Helicobacter pylori were analyzed in order to develop
a subunit-appropriate vaccine against brucellosis.
Materials and Methods
Sequence Analysis and Segment Selection
Sequences of OMP31, OMP28, and CagA were obtained
from GeneBank using the software http://www.uniprot.org/
uniprot/P0A3U8. To identify a fragment common among
all sequences, multiple sequence alignments to identify a
conserved region in each sequence were performed using
Clustal W software (http://www.ebi.ac.uk/Tools/clustalw2).
The total amino acids of OMPS were selected. Furthermore,
the presence of appropriate epitopes was confirmed with other
web-based B-cell and T-cell epitope prediction algorithms in
single or assembled forms of selected segments. The VaxiJen
server was used to predict the immunogenicity of the whole
antigen and its subunit vaccine.
Physicochemical Parameters
Extinction coefficient, theoretical isoelectric point (pI),
molecular weight, the total number of positive and negative
residues, half-life, instability index, aliphatic index and grand
average hydropathy (GRAVY), and the physicochemical
parameters were computed using Expasy’s ProtParam (http://
us.expasy.org/tools/protparam.html).17
Protein Secondary Structure
The secondary structure of the protein was predicted using
the GOR secondary structure prediction method.18 To
conduct sequence analysis and predict protein structure and
function, such as low-complexity regions, regions lacking
regular structure, secondary structure, solvent accessibility,
transmembrane helices, coiled-coil regions, disulfidebonds, sub-cellular localization, and functional annotations,
PredictProtein server19 was used.
Prediction of Antigenic B-cell Epitopes
Three web-based B-cell epitope prediction algorithms
(Bcepred http://www.imtech.res.in/-raghava/bcepred/,
Continuous B-cell epitopes prediction methods based on
physicochemical properties on a non-redundant dataset,
and Discotope Server http://www.cbs.dtu.dk/services/DiscoTope/) were used to predict discontinuous B-cell
epitopes from three-dimensional protein structures in order
to analyze amino acid sequences. Briefly, chimeric proteins
were first analyzed for continuous B-cell epitopes using
Bcepred, and all predicted B-cell epitopes (20 mers) having a
BcePreds cutoff score >0.8 were selected. Then, the Discotope
server was used to predict discontinuous B-cell epitopes.
Conformational B-cell epitope from the primary sequence
was predicted with web server CBTOPE.20 Surface-exposed
B-cell epitope sequences having a cutoff value for BcePreds

(>0.8) were selected and analyzed further using VaxiJen
(threshold=0.4, ACC output) to check the antigenicity. In
addition, the location of conformational epitopes on protein
surfaces was defined by Research software.21
Prediction of T-Cell Epitopes
To identify common epitopes that bind to both MHC class
molecules and to count the total number of interacting MHC
alleles, Propred-1 (MHC Class-I alleles)19-22 and Propred
(MHC Class-II alleles)21,22 servers utilizing amino acid
position coefficients were used. The half maximal (50%)
inhibitory concentration (IC50) and antigenicity of common
epitopes being predicted by Propred-1 and Propred were
calculated using MHCPred server (20,21,22) and VaxiJen,
respectively.
Tertiary Structure Prediction
Further analysis of the synthetic protein 3D structural stability
was done by Swiss-PdbViewer for energy minimization.20 The
Swiss model is an automated modeling software that develops
a 3D structure model of an unknown structure protein based
on the sequence homology with the known structured protein.
The modeled 3D structures were visualized using Rasmol tool
and Accelrys Discovery Studio 2.5.
Protein Solubility Prediction
The solvent accessibility of different residues was evaluated by
DSSP and VADAR (http://vadar.wishartlab.com/).
Allergenic Sites Prediction
AlgPred was used to analyze the presence of possible allergenic
sites. AlgPred allows allergen predication based on the
similarity of known epitopes with any region of the protein.
Further analysis of allergenicity was done by homology search
in SBeing reported as strong immunogens, (6,7,9). The TF
protein and two peptides of B. melitensis, 27 and18 amino
acids from OMP31 and bp26, respectively, were selected for
the present study.
Sequence comparison by ClustalW showed that these
sequences were highly conserved among different strains
of B. melitensis. The schematic diagram of protein domain
structures with linker sites is shown in Figure 1. Linkers,
consisting of EAAAK repeats and expected to form a
monomeric hydrophobic α-helix, were designed and used to
separate the different domains. It has been reported that Glu-Lys+ salt bridges between repeated Ala can stabilize helix
formation. Four repeated EAAAK sequences were introduced
between different domains for more flexibility and efficient
separating. The arrangements of fragment junctions and
linked sites are shown in Figure 1. The amino acid was
back-translated based on the Escherichia coli host, and the
synthetic chimera was analyzed for their codon bias and
GC content. The codon adaptation index on the optimized
chimeric gene was 0.98. The percentage of codon having a
frequency distribution of 91–100 in the native chimeric gene
was 45%, which was significantly improved to 70% in the
optimized gene sequence. The overall GC content, which is
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a measurement of transcriptional and translational efficiency,
was improved to 52. Polyadenylation signal, instability
elements, and all cis-acting sites that may have a negative
influence on the expression rate were removed. Furthermore,
the necessary restriction enzyme sites (EcoRI and HindIII)
were introduced at the sequence ends for cloning purposes
(DAP database).21
Results
Sequence Selection and Construct Design
The results of the Blast analysis showed the sequences of
OMP31 (Figure 1) and OMP28 (bp26) (Figure 2). The whole
amino acid of OMPs and 841 base form N-terminal of CagA
is shown in Figure 3. The results of the sequence analysis
showed that OMP25, OMP31, OMP28 (bp26), and CagA
should be selected as parts of the chimeric construct.
Primary Sequence Analysis
The physico-chemical characteristics of the OMPs, such as
molecular weight, theoretical isoelectric point (pI), instability,

and aliphatic which were computed by ‘‘ProtParam’’ and are
listed in Table 1. The results of the amino acid composition
of the designed protein showed that alanine (20%), isoleucine
(10.8%), and proline (9.2%) are more abundant than other
amino acids. According to the aliphatic index, the designed
protein had high thermostability (Table 1). The estimated halflife of this sequence was 20 hours (mammalian reticulocytes,
in vitro), 30 min (yeast, in vivo), and more than 10 hours
(E. coli, in vivo). The prokaryotic sub-cellular localization of
the protein was predicted to be cytosolic. According to the
results achieved with Vaxijen and ANTIGENpro software, the
chimeric protein might be an antigen. Based on the prediction
of APPEL, the construct was not considered as an allergenic
domain. Moreover, no experimentally proven IgE epitope was
found in this antigen, and no predicted signal peptide was
identified in the initial region of the protein sequence. The
results of solvent accessibility distribution patterns showed
that the mean residue accessible surface area gave a high
solvent accessibility value, and the predicted epitopes were
located in the accessible region (data not shown).
Prediction of Secondary and Tertiary Structure
The comparison of two prediction methods for assessing the
structures of the chimeric protein is shown in Figure 3. This
evaluation indicated that the percentage of alpha-helices was
greater in OMP31 (46.38%) than those of the random coils
(44.93%) and the extended strand (8.7%). The results of the
OMP25 showed that helix structures are located in the regions
of amino acids 9 to 32, 58 to 87, and 112 to 122 (Figure 3 and
Figure 4).
Evaluation of Structural Stability and Validation
The profile of energy minimization which was computed
by spdbv (Swiss-PdbViewer) (-6250.604Kcal/mol) showed

Figure 1. Blast of OMP31.

Figure 3. Blast of 841 base primary of CagA.

Figure 2. Results in Blast of OMP28 (bp26)

Table 1. Physico-chemical Properties of OMPs
MW (kDa)

Isoelectric Point

Aliphatic index

A280 Extinction Coefficient

Instability index

GRAVY

OMP28

28

8.3

70

0.9

45.51

0.193

OMP31

31

6.7

54

0.5

45.50

0.176

OMP25

25

4.7

60

0.3

33

0143
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Figure 4. Ab initio and comparative modeling were employed to predict the
3D structure of OMP28. The result was viewed by Accelrys Discovery Studio
Visualizer 2.0 software. The linkers have been displayed in yellow, small loops in
green, and large loops in red.

Discussion
In this study, a novel construct of OMPs which is repeated
twice (GenBank KM076765) is presented and analyzed
(Figures 7-10). The molecular weight of proteins was found
as computed by Prot-Param (Figure 10). These linkers also
prevent non-native interactions between domains that may
interfere with the correct folding and provide structural
flexibility (Figure 11), improving protein stability and
increasing biological activity.19,20 As is known, the pliability of
an antigen is an influential parameter in the immunogenicity
of any protein exposed to the respective receptors and its
recognition by immune cells. Therefore, by enhancing the

Figure 6. Amino acid motif of bp26.

Figure 5. Ab initio and comparative modeling was employed to predict the 3D
structure of OMP31.

that protein OMP31 had acceptable stability compared with
that of the original structure of each domain. The results of
RAMPAGE showed that 81.9% and 11.8% of residues are
located in the favored and allowed regions, respectively,
and only 6.3% are in the outlier region. The data created by
a Ramachandran plot verified the structural stability of the
protein (Figure 5).
B-Cell and T Cell Epitope Prediction
The results of B-cell epitope prediction based on important
properties of epitopes, including hydrophilicity, accessibility,
flexibility, antigenicity, polarity, and exposed surfaces of both
full length and chimeric CagA protein linear B-cell epitopes.
The results of the current study also demonstrated that
amino acid residues, which were designed as linkers between
different domains (amino acid residues 10-16, 60-71, and
115-121), showed no epitope properties.
Proteasome cleavage prediction server (PCPS) demonstrated
52 proteasomal cleavage sites in the protein with a threshold
of 0.5. Finally, the prediction of T-cell epitopes using the
NetCTL server showed that two T-cell epitopes out of 130
residues are distributed in different sites of the synthetic
construct (Figure 6).5

Figure 7. Analysis of Amino Acid Motifs for Induction of Immune Response.

Figure 8. Antigenicity Prediction of bp26 and Antigenic Peptides.
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Figure 9. Graphical Results for Secondary Structure Prediction of OMP25;
Extended Strand, Purple; Coil, Red; Helix, Blue.

and allowed region, which strongly recommend the stability
and validity of the antigen according to the RAMPAGE plot.
Therefore, after expression in the bacterial host, its protein
could have enough stability and resistance to degradation,
which are important points in the immunogenicity of the
antigen.
After being assured of having the suitable antigen in
terms of B-cell epitope prediction, the next step was to
analyze its binding to MHC. For this purpose, the CagA
protein was analyzed for MHC class I binding regions.
From fifteen consensus regions, nine peptides showed
high and intermediate binding affinity to the TAP protein.
These selected forms of the antigen, which contain peptides
necessary for TAP recognition, can easily be exposed to
MHC-I. Therefore, the new OMP antigens formed by adding
only those peptides in the selected epitopes, accelerate the
research process and induce a high immune response, thus
saving time and resources in cases of heterologous gene
expression in the prokaryotic host (Figures 12 and 13).
AlgPred software was used to analyze the presence of
possible allergenic sites. This program allows allergen
predication based on the similarity of known epitopes with
any region of the protein (Figures 14-16).
Conclusions
The current results indicate that epitopes of the OMPs and
CagA can induce both B-cell and T-cell mediated immune
responses. The protein has proper stability and antigenicity,
and it has no allergenicity. In general, data from this study
indicates that this protein could be an appropriate immunogen
candidate against Brucellosis.

Figure 10. Validation of Protein Structure Using Ramachandran Plot. The
Ramachandran plot revealed that 81.9% of amino acid residues from the modeled
structure lie in the most favored region of the plot, and 11.8% of the residues were
in the allowed regions of the plot.
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