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Abstract

Brucellosis is a zoonetic disease that is caused by Brucella melitensis, which affects human health and animal husbandry industry.
Omp31 is the most exposed outer membrane proteins (OMPs) and is a dominant antigen in smooth strains of B. melitensis, thus it
is considered a desirable protein in subunit vaccine against brucellosis disease. Besides, IL-2 acts as a growth and differentiation
stimulator of T-cells in cellular immune responses, therefore, it can serve as an adjuvant in subunit vaccines against intracellular
pathogens. It seems that chimera scaffold, consisting of some copies of OMP31 experimental epitope region and IL-2, can provide
a good immunization. In this regard, these tow fragments are linked together through using rigid linker and splicing overlap ex-
tension (SOE) PCR technique. Successful PCR products were TA cloned and then sub-cloned into pET-22b (+) vector as an expression
vector. Recombinant protein was expressed in Escherichia coli BL21 (DE3) as an expressing lineage bacterium and then confirmed
by SDS-PAGE and Western-blotting analysis. Secondary and tertiary structure prediction of recombinant protein and its immunity
characterization were evaluated using in silico process. Further studies on the immunogenicity properties of this protein are ex-
pected to be carried out in the future to confirm the results in vivo.
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1. Background

There are different genus of Brucella bacteria, which
cause considerable economic loss in developing countries.
Infection by B. melitensis (mainly cause ovine brucellosis) is
known as one of the most frequent and extensive zoonotic
worldwide diseases, therefore, many researches have fo-
cused on fighting with this disease (1). The outer mem-
brane proteins (OMPs) of these bacteria play a key role
in immunity responses; therefore, they can be applied
to design recombinant vaccines. OMP31 is known as the
most immune-dominant, protective, and exposed antigen
of smooth B. malitensis (2). Once the host encounters the
pathogens, the antibodies are secreted through detection
of specific areas of the antigen that is called “epitope” (3).
Previous researches identified an epitope by anti-Omp31
MAb A59/10F09/G10, which consisted of 36 amino acids
of Omp31 protein, which represents the most hydrophilic
part of the protein (4). Cassataro et al demonstrated that

a peptide consisting of 27 amino acid derived from OPM31
protein (OMP3148-74) as a protective epitope can induce im-
mune response against B. melitensis similar to the response
from whole protein of OMP31 (2). Using subunit vaccines in
immunological tests, based on proprietary T-cell or B-cell
epitopes, is safer and more efficient compared to using at-
tenuated and killed vaccines (5). Small peptides have a low
half-life due to their low weight and being fast removed
from the kidney filtration system, consequently, these pep-
tides need to be fused with a heavier molecule for better
activity (6). The goal of vaccination is to induce protec-
tive immunity, in some vaccines this parameter can be en-
hanced by applying some molecular adjuvants. In recent
years, cytokines, as molecular adjuvants, are widely being
employed to fortify immune responses (7). IL-2, which is
mainly produced by CD4+ T cells, is a lymphoproliferative
cytokine, which triggers T-Cell differentiation, prolifera-
tion, and cellular immune responses, which can be an ap-
propriate candidate as molecular adjuvant (6). Nowadays,
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fusion proteins are being used as biomolecules with sev-
eral functions such as prolonging their plasma half-lives,
increasing their therapeutic efficacy and drug targeting
(e.g. toxin or cytokine) (8). Direct fusion of domains with-
out any linker can cause unwanted results including: mis-
folding, low yield production, and incomplete biologic ac-
tivity of fusion proteins (9). Therefore, applying proper
linker to fuse protein domains is of importance. For exam-
ple, helical linker sequences (EAAAK) n, where n can vary
from 3-6. Of all the non-helical linkers, we can mention
(XP) n, in which x represents Ala, Lys, or Glu amino acids
and P represents Pro amino acid. The presence of proline
in non-helical linkers increases the linker’s rigidness and
separates the domains, which by improving the folding, it
can affect protein expression and functionality (8).

2. Objectives

In this study, we have tried to design and express
a recombinant chimeric protein (IL2-OMP31 (48-74)3) in
prokaryote expression system to investigate its immunity
against Brucella melitensis in mice.

3. Methods

3.1. In-Silico Designing and Immunity Characterization

The codon optimized Musmusculus Interleukin-2
(IL-2) cDNA for the expression of Escherichia coli was
kindly donated by Biotechnology Laboratory of Animal
Science (Ferdowsi University of Mashhad, Iran) in PGH
vector (Macrogen, Korea). The coding DNA sequence
of three replications of 27 amino acid derived from
experimental epitope region of OPM31 (OMP3148-74)3

protein of Brucella melitensis and (EAAAK)2 as a rigid
linker bridged to IL-2 (10), were synthesized and in-
serted in PGH vector (Macrogen, Korea). To determine
the antigenicity score of the final desired engineered
construction (Figure 1), VaxiJen 2.0 server (http://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) was em-
ployed with a threshold of (0.5).

3.2. Secondary and Tertiary Structure Prediction of IL2-OMP31
(48-74)3

Secondary structure of IL2-OMP31 (48-74)3 re-
combinant protein (Figure 2) was predicted based
on their primary amino acid sequences. In this re-
gard, improved self-optimized prediction method
(SOPMA) software (http://npsapbil.ibcp.fr/cgi-bin/npsa_-
automat.pl?page=/NPSA/npsa_sopma.html) was em-
ployed to determine their helices, sheets, turns,

and coil structures. Tertiary structures of IL2-OMP31
(48-74)3 protein was predicted by iterative thread-
ing assembly refinement (I-TASSER) online server
(http://zhanglab.ccmb.med.umich.edu/I-TASSER/) as a
hierarchical approach. Finally, PyMOL V1 Viewer software
was used to visualize PDB format of the predicted tertiary
structure of this protein.

3.3. Engineering the Recombinant Construct

Codon optimized murine Interleukin-2 (IL-2) with 519
bp length and experimental epitope region of OMP31 (48-
74)3 with rigid linker (3E-L) by 291 bp length sequences were
used as templates in PCR reaction. In this regard, IL-2 and
3E-L sequences were amplified using one pair of specific
primers, (Table 1). PCR was carried out in a 25 µL reaction
volume containing approximately 50 - 100 ng template
DNA, 2.5 µL of 10 × PCR buffer, 2 µL dNTPs (2.5 mM), 2 µL
MgCl2 (10 mM), 1.5µL of mix primer (5 pmol/µL), 0.125U/µL
of X’Taq DNA polymerase (Takara, Japan), and finally deion-
ized water up to a volume of 25 µL. Thermal cycling was
carried out in AB 2720 thermal cycler (Applied Biosystem,
USA) using the protocol performed with pre-denaturation
at 95°C for 5 minutes, followed by 35 cycles of denaturation
at 95°C for 30 seconds, annealing at 56°C and 62°C for 30
seconds for IL-2 and 3E-L respectively, and extension at 72°C
for 30 seconds. The final extension step was done at 72°C
for 5 minutes. Aliquot of PCR products were analyzed by
electrophoresis on 1.5% agarose gel in 1X TBE buffer with a
1kp DNA size marker (Fermentase, Germany), and then vir-
tualized with gel documentation system (BioRad, USA).

To construct chimeric sequence (IL2-3E), SOE (Splicing
by overhang extension) PCR procedure was employed. Pre-
vious PCR products (3E-L and IL-2) were used as templates
in SOE-PCR reaction without any primers (Figure 1). This re-
action was conducted in 25µL total volume containing ap-
proximately 50 - 100 ng of both PCR products, and mixture
of PCR ingredients as before. In PCR optimal conditions af-
ter denaturation at 94°C for 5 minutes, 15 amplification cy-
cles were performed: denaturation at 94°C for 30 seconds,
annealing at 60°C for 30 seconds, extension at 72°C for 45
seconds followed by a final extension at 72°C for 10 min-
utes. The final phase of SOE-PCR was amplification of tar-
get chimera scaffold using the products in previous steps.
In this step 5 pmol/µL of IL-2-F and 3E-L-R primers and stan-
dard mixture of other components as described before was
used with the initial denaturation at 94°C for 5 minutes
and followed by 25 cycles of denaturation for 30s at 94°C,
30 seconds at 60°C (annealing step), 30 seconds at 72°C (ex-
tension step), and the final extension at 72°C for 5 minutes.
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Figure 1. Schema of amino acid profile of the chimera protein (IL2-3E) which designed by the CLC software; the blue color refers to the IL-2 cytokine amino acids as molecule
adjuvant, the green colors are repeats of epitope amino acids and the red colors are the linkers amino acids among domains.

Figure 2. Third structure of chimera protein (IL2-3E); A, predicted structure by I-tasser server. B, PDB format visualizing of the predicted tertiary structure of chimera protein
by PyMol software. Green colure demonstrates epitope regions and the whit colure represents IL-2 protein.

Table 1. The List of Primers Used in This Study

Primer Primer Sequences (5’→3’) Restriction Enzyme

IL-2-F 5’ CCCATGGGAATGTATAGCATGCAGCTGGC 3’ NcoI

IL-2-R 5’TTTAGCCGCTGCTTCTTTTGCCGCAGCTTCCGGGCTGGTGCTAATAAT 3’a *

3E-L-F 5’GAAGCTGCGGCAAAAGAAGCAGCGGCTAAAAACGCCGGTTACGCAGGCG3’a *

3E-L-R 5’CTCGAGCGAACCGGAAACCTGTTC 3’b XhoI

a Coding sequence of helical linker: bold letters are the sequences of rigid linker.
b CTCGAG sequence represented restriction enzyme sites.

3.4. Gene Cloning and Sub-Cloning
Chimeric fragment (3E-IL2) was purified from 1%

agarose gel using Agarose Gel Mini Prep Kit (BioRon, Ger-

many). The purified products were ligated into pTZ57R/T
cloning vector by T/A cloning strategy, according to the
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manufacturer’s instructions (Thermo, USA). Escherichia
coli DH5α competent cell preparation and transforma-
tion steps were followed as described by Sambrook et al.
(11). The recombinant plasmids were transformed into
competent E. coli DH5α through heat shock process. The
recombinant clone(s) was screened based on their ampi-
cillin resistance and approved by colony PCR (using M13
universal primers) and restriction sites enzyme digestion
(XhoI & NcoI).

Then ampicillin-resistant colonies were grown in Luria
broth (LB) medium containing 50 µg/mL of ampicillin
at 37°C for 16 hours in an incubator. Recombinant plas-
mids were purified using Plasmid DNA isolation NC Kit (De-
nazist, Iran) and were confirmed by restriction enzyme di-
gestion.

In order to sub-clone the recombinant construction
into pET-22b (+) as an expression vector (Novagen, USA),
both pET-22b (+) and pTZ57R/T (containing chimeric frag-
ment ) vectors were enzymatically double-digested by XhoI
and NcoI restriction enzymes (Thermo, USA) for 5 hours;
final digested products were extracted from 1% agarose
gel using Agarose Gel Mini Prep Kit (Thermo, USA), then
they went through ligation process according to the man-
ufacturer’s instructions kit (Thermo, USA). Standard tech-
niques for the next steps such as ligation, competent cell
preparation and transformation (into competent E. coli
BL21 (DE3)) were followed as described previously (11). The
recombinant clone (s) were screened based on their ampi-
cillin resistance. The fidelity of E. coli BL21 (DE3) trans-
formants were confirmed by colony-PCR and T7 universal
primers and sequencing.

3.5. Expression and Purification of Recombinant Protein

Expression process was performed through culturing
positive recombinant BL21 (D3) colonies in 300 mL LB
medium (12). The bacteria were harvested by centrifu-
gation (3000 g, 20 minutes, 4°C) and were resuspended
in 10 mL of TSE buffer (Tris-HCL 200 mM, pH = 8.0, Sac-
aros 500 mM, EDTA1 mM,) to extract recombinant pro-
tein from periplasmic area. The recombinant protein ex-
traction was followed by incubation for 30 minutes on
ice and then this suspension was centrifuged in 16000g
for 30 minutes (4°C). The supernatant containing recom-
binant protein was evaluated on sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) 12%. Pro-
tein purification was carried out by chromatography using
Ni-agarose (Thermo, USA) according to the manufacturer’s
protocol. The quality and identity of the purified rCIL2-3E
protein were analyzed by 12% SDS-PAGE.

3.6. Qualitative and Quantitative Evaluation of Recombinant
Protein

Western blot process was carried out by electro blot-
ting SDS-PAGE gels onto nitrocellulose membrane. The
membrane was dried for 10 minutes in an incubator. Then
non-specific sites of blotted nitrocellulose were blocked by
being soaked in 1.5% BSA (0.5 - 1 h, RT) and were washed
by PBS-Tween20 (2 minutes). In the next step, nitrocellu-
lose membrane was incubated by primary antibody Anti
Poly-Histidine-HRP (Sigma) (1:2000 diluted in BSA 1%) for
30 minutes at RT and it was washed again by PBS- Tween20
(3 × 5 minutes). Then it was incubated with a secondary
antibody conjugated with HRP for 30 minutes at RT. After
washing three times with PBS- Tween20 for 5 minutes, it
was stained by Diaminobenzidine (0.05%DAB, 0.015% H2O2,
0.01MPBS, pH 7.2). Finally, the total concentration of our re-
combinant protein was assessed using Bradford process.
In this regard, five dilutions of BSA protein, as the stan-
dard protein, were employed in 595 nm absorbance. The
purified rCIL2-3E protein was saved at - 20°C for further
immunogenicity study and its protective efficacy in mice
model.

4. Results

4.1. In-Silico Conformation of Recombinant Construction

Reading framework of recombinant structure was con-
firmed using the CLC work bench software (Figure 1). In-
silico study of the immunity profile of rCIL2-3E by Vaxi-
Jen server with a threshold of 0.5 had introduced this con-
struct as an antigen with a score of 1.6328. Subsequently,
the prediction of the second and third structure of the
designed construction using I-tasser server showed that
this structure included 42.5% Alpha helix structure and 33%
random coil, 13% extended strand and 5.11% beta turn. Fur-
thermore, the prediction of the third structure of the re-
combinant protein was done using I-tasser and PyMOL Vl
software (Figure 2).

4.2. PCR Amplification, Cloning and Nucleotide Sequencing
Analysis

Gene codon of each subunit (291bp and 519bp) of the
recombinant chimera sequences was amplified from syn-
thesized sequences in PGH vector. The reproduction accu-
racy of each subunit was confirmed by agarose gel elec-
trophoresis (Figure 3A and 3B). The SOE-PCR reaction with
the purpose of connecting these two PCR products was
performed successfully to produce rCIL2-3E (804 bp) (Fig-
ure 3C). Sub-cloning of this gene was conducted using the
pTZ57R/T vector in DH5α strain of Escherichia coli as the
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host. Positive transformed colonies were confirmed us-
ing colony-PCR process and M13 universal primer, in which
about 200 nucleotides were added to each sequence (Fig-
ure 3D). Ligation process of chimera fragment into pET-22b
(+) vector as an expression vector, and its transformation
to BL21 (DE3) strain of E. coli were successfully done. The in-
tegrity of the recombinant plasmids were confirmed using
restriction enzyme double digestion (NcoI and XhoI) and
also colony-PCR process using T7 universal primer (Figure
3E).

4.3. Expression and Purification of Recombinant Protein

The expression of the target protein, induced in mid-
log phase (OD600= 0.6) culture by adding 0.2 mM IPTG
for 5 hours at 37°C, was detected through SDS-PAGE (12%)
analysis (Figure 4A). The purification of produced target
protein was successfully done using Ni-NTA affinity chro-
matography column. The accuracy and quality validation
of the protein expressing approximately 30 kDa molecular
mass, was approved using SDS-PAGE (12%) (Figure 4B). West-
ern blotting assay with Anti Poly-Histidine-HRP antibody
revealed specific reactivity with purified chimera protein
produced in E. coli cells (Figure 4C). The estimated concen-
tration of purified protein by Bradford assay (R2 = 0.989)
was 0.3 g/L.

5. Discussion

Brucellosis is a chronic bacteria zoonotic disease
caused by Brucella genus bacteria. This widespread disease
emerged from using pollutant livestock products; conse-
quently, it can cause many economic losses and threatens
human health (13). The most common pathogenic species
in human is related to Brucella melitensis (14). The devel-
opment of recombinant DNA techniques along with pro-
tein engineering science could develop fourth-generation
vaccines, which only use immunogenic component of the
pathogens. These recombinant vaccines, through their
ability to stimulate appropriate responses and immuniza-
tion, can be considered as good alternatives compared to
traditional vaccines (15). Brucella is able to circumvent the
host’s innate and adaptive immunity and as an intercellu-
lar pathogen, it can disrupt T cell energy and TCL through
different pathways. Therefore, further immunity studies
on Brucellosis disease are required to increase the knowl-
edge on the provision of new therapeutic vaccines (16). Bru-
cella belongs to intracellular pathogens. Host protection
against Brucella is through cell-mediated immunity; the
antigen present cells by engulfing the pathogen, process
them into their antigens and represent them via their MHC

II to T helper lymphocytes with CD4+ marker and MHC I
to cytotoxic T lymphocytes with CD8+ marker (17). On the
other hand, IL-2 is known as the main T cell growth factor
and promotes T cell immunity (18). Although its expres-
sion has been reported by CD8+ T cells, dendritic cells and
thymic cells, IL-2 is mainly produced by activating CD4+ T
cells (19).

Prokaryote expression system is affordable, safe, and
convenient and it is widely employed to produce recombi-
nant proteins, which do not have post translation modifi-
cation (20). Previously, the use of this expression system
has shown the desired and practical results in relation to
the expression of recombinant proteins, particularly pro-
teins, which involved in immunological studies against
Brucellosis disease (12, 21). Human IL-2 is folded by three
Cys residues including Cys-58, Cys-105, and Cys-125, which
needs oxidation environment to formation (22). Therefore,
nascent proteins should be translocated to periplasm of
the bacteria as oxidative compartment (23). E. coli uses
Sec, TAT, and SPR pathways to translocate nascent pro-
teins to periplasm based on signal peptides at N terminal
of the protein. In general, Sec and SPR pathways can di-
rect both folding and accumulation of nascent proteins in
periplasm compartment, whereas TAT pathway conducts
folding of nascent proteins in cytoplasm then accumulate
them in periplasm (24). Thereby, to achieve a folded pro-
tein, our designed immunologic construct was inserted af-
ter PelB sequence of pET-22b (+) vector, which was applied
to express the protein. In fact, PelB is known as one of
the strongest signal peptides to direct nascent protein to
periplasmic compartment via Sec pathway (25). It should
not be forgotten that using PelB can facilitate protein ex-
traction, because periplasm compartment is much clearer
than cytoplasm, therefore, the protein of interest can be
easily purified. In this study, we have attempted to intro-
duce a recombinant protein, which contained IL2 and tan-
dem repeat sequences of OMP31 antigen Th1 epitope of Bru-
cella melitensis, as an efficient alternative for conventional
vaccines.

5.1. Conclusion

This study was conducted to construct an immunologi-
cal chimera structure consisting of interleukin-2 and three
replicates of the experimental OMP31-epitope (IL2-3E) of
the Brucella melitensis. For this purpose, this structure was
designed and expressed in prokaryote expression system;
therefore, its immunogenicity properties as a subunit vac-
cine in animal models can be later studied.
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Figure 3. A, PCR products of 3 repeatation of OMP31 epitope; B, PCR products of IL-2; C, PCR products of rCIL2-3E using SOE-PCR procedure; D, conformation of inserting the
rCIL2-3E into PTZ vector through colony-PCR process using M13 universal primer; E, conformation of inserting the rCIL2-3E into pET-22b (+) vector through colony-PCR process
using T7 universal primer

Figure 4. Conformation of protein expression results: A, SDS-PAGE analysis of the rCIL2-3E protein with different sampling times after inducing by 0.2 mM IPTG; each column
refers to yielded protein after 0, 1, 2, 3, 4 and 5 hours after induction by IPTG, respectively. B, SDS-PAGE analysis which approves purification of 30 kDa chimera protein band,
correctly, using Ni-agarose column. C, Western blot conformation of 30 kDa chimera protein by Anti Poly-Histidine-HRP antibody.
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