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ABSTRACT

Introduction: Shigellosis is a form of acute intestinal infection and one of the global
health problems that occur in human by pathogenic species of Shigella. Producing a cost-
effective and protective vaccine against the pathogenic strains of these bacteria will have a
significant effect on the improvement of public health. The purpose of this research—- was
to design, express and purify a multiepitope protein as a candidate vaccine against
Shigella pathogenic species. Methods: The multi-epitope protein-encoding Ipas, Omps
and IcsA genes was designed based on previous bioinformatics assessments and
synthesized in pET28a (+) expression vector. Since no detectable expression was
observed, the gene was subcloned into pET32a (+). The pET32a (+) recombinant vector
containing the desired gene was transferred into Escherichia coli BL21 (DE3) and the
expression of the recombinant protein was induced using IPTG. The protein was purified
using a nickel column. Finally, the Western blotting method was used to confirm the
expression of the recombinant protein. Results: The sub-cloning of the gene was
confirmed using PCR reaction. Gene expression analysis showed that the desired protein
had a suitable expression. Western blotting analysis confirmed the expression of the
recombinant protein. Conclusion: The expressed and purified multi-epitope recombinant
protein, containing the main epitopes of the common antigens of pathogenic Shigella
species could be achieved as the first step to design a multiepitope vaccine candidate
against shigellosis.
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INTRODUCTION

trials [7]. These vaccines can be mainly, but not merely, divided

Shigellosis is acute enteritis caused by pathogenic species : - 1 :
into two categories, namely, live-attenuated and subunit

of Shigella (S.) genus. The infection is accompanied by watery,

and sometimes, bloody diarrhea. Four species of Shigella genus
are able to develop the infection, namely S. flexneri, S. sonnei,
S. dysentery and S. boydii [1]. Between 1966 and 1997,
approximately 165 million cases of shigellosis have been
reported annually worldwide with a mortality rate of ~0.67 %.
More recent studies indicate that there are approximately 125
million shigellosis cases per year, of which ~98% of deaths in
each case have decreased due to improvements in lifestyle and
treatments [2-4]. Antibiotic therapy is a strategy of choice to
combat the disease. However, due to the emergence of multi-
drug-resistant of Shigella strains, this strategy has faced major
challenges [5, 6].In this regard, vaccination is considered a
good strategy to prevent the infection and can have a significant
impact on the public health. Many attempts have been made to
introduce an effective vaccine against the disease, some of
which have been investigated in pre-clinical studies or clinical
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vaccines [8-11]. However, still there is no approved vaccine to
prevent this disease.

Moreover, most of the candidate vaccines against Shigella are
not able to protect against all pathogenic species of these
bacteria. Since immunization against all four pathogenic
species of Shigella is important, multi-epitope vaccine strategy
can potentially help to achieve this goal. Multi-epitope vaccines
(MEVs) are a class of recombinant vaccines that have the most
potent epitopes of one or more major immunogens of one or
more microbial pathogens. One of the advantages of these
vaccines is the possibility to select and combine epitopes of the
specific antigens of the species so that the resulting mixed
protein is able to stimulate the immune system against all those
antigens [12]. The purpose of this research was to subclone a
gene fragment encoding a recombinant protein made of
fragments of invasive plasmid antigens (Ipas), outer membrane
proteins (Omps) and virulence plasmid factor VirG (IcsA) of
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pathogenic Shigella Species, including S. flexneri, S. sonnei, S.
dysentery and S. boydii, in pET32a (+) expression vector and its
expression and purification.

MATERIALS AND METHODS

Enzymes, Chemicals, Vectors and Bacterial Strains

The genes encoding the multi-epitope protein fragments of
invasive plasmid antigens (Ipas), outer membrane proteins
(Omps) and virulence plasmid factor VirG (IcsA) of pathogenic
Shigella Species, including S. flexneri, S. sonnei, S. dysentery
and S. boydii as a fragment coding for a multi-epitope protein
as described previously [23] was synthesized by Biomatik
Company (Canada) in pET28a (+) expression vector. Briefly,
the epitopes were selected so that they were common in four
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above-mentioned pathogenic Shigella species. Following the
selection of the epitopes, they were joined together and the
immunologic properties of the chimeric protein were evaluated
through bioinformatics tools. Moreover, LT-llc and ctxB
mucosal adjuvants were added to the N- and C-terminal of the
protein, respectively (Fig. 1).

pPET32a (+) expression vector (Novagen) and bacterial
strains of Escherichia coli DH5a and E. coli BL-21 (DE3) were
obtained from Biology Research Center, Imam Hossein
University. The Tag DNA Polymerase enzyme was purchased
from SinaClone (Iran) and T4 DNA Ligase enzyme, along with
the Hindlll and EcoRI restriction enzymes were from
ThermoFisher Scientific Company (USA). The materials
required for PCR were obtained from SinaClone (lran).

[ LT-llc E1l (E2 |E3
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Fig. 1. Schematic diagram depicting the order of sequences on the multi-epitope protein. E1-E9: selected epitopes;
LT-llc and ctxB: mucosal adjuvants.

Amplification and Purification of the Desired Encoding
Fragment

To amplify the desired gene, the PCR reaction was
performed in a final volume of 25 pL (0.5 uM of each primer,
2.5 ul of PCR 10x buffer, 2.5 pul of MgCl2, 0.5 uM of each
dNTP, 0.5 unit of Tag DNA Polymerase, 1 ul of template DNA
and 17.5 pl of double-distilled water), using 5’-
TAATACGACTCACTATAGGG -3 and 5’-
GCTAGTTATTGCTCAGCGG-3> forward and reverse
primers, respectively. After initial denaturing at 93 °C for 3
minutes, the chain-polymerase reaction was performed in 30
cycles. Each cycle consisted of three stages denaturing (30
seconds at the temperature of 92 °C), annealing (30 seconds at
60 °C) and elongation (1 min at 72 °C). PCR products were
analyzed on a 1.5 % agarose gel. Then, the replicated fragments
were cut off from the agarose gel and purified using a PCR
product purification kit (Compony, Country [13].

Subcloning of the Chimeric Gene in the pET32a (+)
Expression Vector

After the amplification of the gene, PCR products and
pET32a (+) vector were digested by EcoRI and Hindlll
restriction enzymes and purified by DNA purification column
[14] and salt precipitation, respectively. Digested PCR products
and vector were ligated through the ligation reaction. The
resulting recombinant construct— was transferred into E. coli
DHS5a cells that were chemically competent by thermal shock
[15] and the bacterial transformation was confirmed by
restriction digestion with  EcoRl and Hindlll restriction
enzymes.

Expression of the Multi-Epitope Protein

To express the protein, the recombinant vector was
extracted from the transformed E. coli DH5a by a plasmid
extraction kit (GENALL, South Korea) and transferred into E.
coli BL21 (DE3). The transformed colonies were confirmed by
PCR. Expression of the recombinant protein was induced by the
addition of IPTG with a final concentration of 1 mM. The
expression of the recombinant protein was analyzed on a 12 %
SDS-PAGE [16].
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Denaturing purification of the recombinant protein using
Ni-NTA chromatography column

Since the recombinant protein contained a histidine tag, it
was purified using a nickel column (ShinGene, China). For this
aim, the method described by Bagheri pour et al. was
performed [17]. Shortly, the cell extract containing the
recombinant protein was applied to the column which was pre-
equilibrated by addition of the lysis buffer (100 mM NaH2PO4,
8 M urea, 10 mM Tris-HCI, pH=8). Then buffers C, D and E
were added to the column, respectively (The composition of C,
D and E buffers was as the B buffer unless the pH of these
buffers were 6.3, 5.8 and 4.5, respectively). The flow-through
of each washing step was collected for further analysis.

Confirmation of the Recombinant Protein Expression
by the Western Blot Analysis

In order to confirm the expression of the recombinant
multi-epitope protein, Western blot analysis was performed as
described by Sayadmanesh et al [18]. For this aim, at first, the
protein samples were loaded on a 12 % SDS-PAGE. Then, the
protein samples were transferred from the gel to PVDF paper
[19]. Upon completion of the transfer process, PVDF paper was
blocked with blocking buffer (5% w / w solution of skimmed
milk in PBST) for an overnight at 4 °C. The paper was washed
with PBST three times, and then, HRP-conjugated anti-His tag
antibody (Sigma, Germany) was added to the paper and the
paper was placed at 37 °C for 1 h. Finally, after washing the
paper with PBST, the assay buffer (DAB, 50 mM Tris pH 7.8,
H,0,) was poured onto the paper and the presence of the band
was evaluated.

RESULTS

Amplification of the Multi-Epitope Gene by PCR and
Subcloning it n pET-32a (+) Expression Vector

The desired gene was amplified by PCR and verified by
1% agarose gel. As shown in Fig. 2, the desired gene was
amplified successfully and there was no non-specific band.

After amplification of the fragment, the PCR products
were gel purified and inserted into pET-32a (+) expression
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vector according to the procedure outlined above. Direct PCR
of the grown colonies showed that the gene has been inserted
into the vector (Fig. 3). pET universal primers were used for the
amplification and PCR products have a size of about 2200 bp.

1500 bp

1399 bp
1200 bp

Fig. 2. The amplification of the desired gene by PCR for the
subcloning. Lane 1: The amplified gene; Lane 2: DNA marker
(100 bp Plus DNA Ladder).
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Fig. 3. The amplification of the desired gene using PCR for the
confirmation of the subcloning process. Column 1: DNA marker
(Excel Band 1kb Plus DNA Ladder); column 2: negative control;

column 3: the amplified gene. Electrophoresis was allowed to

last for 2 h, so the initial bands of the marker have exited from
the gel. The last band in this picture is 500 bp.

Expression and Purification of the Recombinant
Protein

Following the induction of protein expression with 1 mM
IPTG, cell lysis was performed using a lysis buffer ((Na,HPO,
50 mM, NaCl 300 mM, Urea 8 M, pH 8) and the result was

Multiepitope Candidate Vaccine Against Pathogenic Species of Shigella

20

evaluated on a 12% SDS-PAGE. The resulted recombinant
protein, which is composed of the desired protein fused to
thioredoxin reductase (24 kDa), had an expected molecular
weight of 67 kDa that can be seen in the Fig. 4.

67 kDa i
-

Fig. 4. Evaluation of the expression of the multi-epitope protein
using a 12% SDS-PAGE. Column 1: IPTG-Induced Sample;
Column 2: Protein marker (SinaClone, Iran); Column 3: Non-

induced sample.
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Nickel column was exploited to purify the recombinant
protein. As shown in Fig. 5, the protein has been purified
following the wash with the buffer containing 40 mM imidazole
with a concentration of 600 pg / ml though some of the protein
has been dissociated from the column after the addition of the
buffer containing 100 mM imidazole.

67 kDa

63 kDa

Fig. 5. Purification of the recombinant protein with nickel column.
Column 1: Protein marker (10-170KDa, SinaClone, Iran); Column
2: Cellular extract of the recombinant protein before applying to
the column; Columns 3, 4, 5 and 6: Flowthrough of the column
following the addition of the cellular extract, 20 mM immidazole,
40 mM immidazole and 100 mM immidazole, respectively.

Western blot analysis with anti-His tag antibody

To confirm the expression of the recombinant protein
which has a histidine tag, the Western blot method was used
using an anti-His tag antibody. As shown in Fig. 6, Western
blotting confirms that the expressed protein is the desired multi-
epitope protein.
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67 kDa

17 kDa

Fig. 6. Result of the Western blotting. Column 1: Protein marker
(10-170KDa, SinaClone, Iran); Column 2: The recombinant
protein; Column 3: CTXB recombinant protein containing a His-
tag as the positive control; Column 4: BSA as a negative control.

DISCUSSION

Recombinant DNA technology has influenced almost all
areas of biology and health, including pharmaceutical and
vaccine industries. It has been possible to design, manufacture
and produce the pharmaceutical proteins and vaccine candidates
that have not already existed [20]. On the other hand, the
development and advancement of bioinformatics has made it
possible to evaluate the efficiency of newly-designed drugs and
vaccines before experimental tests [21, 22]. In this study, a
multi-epitope protein composed of major immunogens of
pathogenic Shigella species whose efficiency as a candidate
vaccine had been confirmed by bioinformatics tools [23], was
synthesized in pET28a (+), subcloned in pET32a (+), expressed
in E. coli BL21(DE3), confirmed by Western blot analysis and
purified by a nickel column.

Due to the lack of an approved vaccine against pathogenic
Shigella species, which infect millions of people in the
developing countries, an effective vaccine is an urgent need. In
this study, we chose the most immunogenic surface proteins of
these bacteria, which were highly conserved in pathogenic
strains to enhance the possibility of protection of the
immunized animals against all pathogenic species of Shigella in
future steps of evaluation of this vaccine candidate. Since the
oral route is the preferred route for the vaccine delivery against
enteric pathogens, LT-llc and ctxB, two mucosal adjuvants,
were also added to the chimeric antigen for the improvement of
its immunogenicity.  After the bioinformatics and
immunoinformatics evaluations of the proposed multi-epitope
vaccine [23], here, we used the exact protein sequence from that
study, containing selected epitopes and the mucosal adjuvants,
synthesized in pET28a (+) expression vector. The recombinant
protein was successfully produced in E. coli BL21 (DE3) cells
and was purified.

There are several studies that have exploited different
antigenic proteins for immunization against Shigella. The use of
one or more antigens from our list (of which we selected the
final epitopes) has resulted in proper protectivity against
Shigella. Heine et al. have used two components of the Shigella
type Il secretion system, IpaB and IpaD, to evaluate their
immunogenicity in mice. They reached 40% and 90%
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protection levels following the oral and intranasal routes,
respectively (24). Honari et al. have evaluated the
immunogenicity of a fusion form of IpaD (STXB-IpaD) in
guinea pigs via intraperitoneal route, and the animals were able
to tolerate 28LDs, of the live bacteria (25). The combination of
IpaB and IpaC with purified S. flexneri 2a LPS and intranasal
administration to Aotus nancymaae, a non-human primate
challenge model, has resulted in a proper immunity in this
animal model (26).

There are different heterologous protein expression
systems, including bacteria, yeasts, insect cell lines, mammalian
cell lines and plants. Among them bacterial expression systems
are frequently used for the expression of bacterial proteins or
those proteins that do not require post-translational
modifications, such as glycosylation. Bacteria have a simple
and well-understood genetics, short generation times, low food
requirements, etc. Indeed it is easy to manipulate these
organisms and their scale-up id so easy. Since the desired
protein had been derived from bacteria, Shigella species, in this
study we used E. coli expression system for the production of
the chimeric protein.

PET expression vectors were used to increase the
expression of the desired gene. In these vectors, the
transcription of the gene is intended to control via T7 promoter,
so the use of DE3 E. coli strains, in which the T7 RNA
polymerase gene is incorporated into the bacterial genome and
under the control of the lacUV5 promoter, can greatly increase
the expression of the desired gene [24]. Here at first, the
synthetic gene was cloned into pET28a (+). However, the gene
was not expressed in this vector and the application of different
conditions did not improve the expression (results are not
provided). For this reason, the gene was subcloned in pET32a
(+) expression vector. The multiple ~cloning site of this vector
is located downstream of the thioredoxin protein-encoding gene
and the protein will be expressed as a fusion protein which has
a Trx tag. This 109 amino acid tag solubilizes the recombinant
proteins expressed in E. coli host [25]. However, in our study
the fusion protein was expressed as insoluble inclusion bodies.
Indeed, genes located downstream of trx are efficiently
expressed. This is due to the high efficacy of the transcription
initial of the trx gene, which results in high transcription and as
a result high expression of the gene [24]. Here, following the
sub-cloning of the desired gene in the pET32a (+) vector—, a
high expression of the desired protein was observed (600 pg /
ml). The desired recombinant protein expressed with the
antibody against the histidine sequence expressed in the
recombinant protein is confirmed.

In conclusion, the designed recombinant protein harboring
well-conserved epitopes of potent immunogens from Shigella,
as well as two mucosal adjuvants could successfully be
expressed in a prokaryotic expression system. Based on
previous in silico evaluations, this candidate vaccine can
potentially provide an appropriate oral recombinant vaccine
upon further in vivo immunogenicity assessments
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