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ABSTRACT
Background: Recombinant vaccine technology is one of the most developed means in
controlling infectious diseases. However, an effective vaccine against Shigella is still
missing. Objective: To evaluate recombinant IpaC protein of Shigella as a vaccine
candidate. Methods: In this study we cloned IpaC gene into an expression vector in
prokaryotic system. The protein expression was evaluated by SDS-PAGE and WesternBlotting analysis. The recombinant protein was purified using Ni–NTA affinity
chromatography. Guinea pigs were immunized with the recombinant protein and the
level of immunogenicity was examined by ELISA and Western blotting of IpaC.
Challenge test was done through the intraoculary injection of Shigella dysenteriae
(6×108 CFU/eye) and after 48 hours was scored for keratoconjunctivitis. Results: The
results showed a remarkable level of immunogenicity in terms of antibody response and
protection against keratoconjunctivitis in tested animals. The recombinant IpaC protein
provided a protective system against Shigella dysenteriae type I during the challenge
test. Conclusion: The results showed the potential of using recombinant IpaC in
preparation of vaccine in perspective studies.
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INTRODUCTION
It is estimated that 600,000 children less than 5 years of age living in developing
countries die by shigellosis every year (1). Despite the fact that Shigella was discovered
over a century ago, shigellosis remains as an important public health challenge,
especially in developing countries. The infectious dosage, which can be as low as 10
cells, enables the disease to spread effectively through contaminated food or water, and
also person to person contact (2). Approximately 99% of total new incidence is spread
out in developing countries, where poor hygiene and limited access to refined drinking
water promote the spread of enteric diseases. Malnutrition and the lack of appropriate
medical intervention contribute to the high mortality rate, especially for young children.
Mechanism of pathogenesis in shigellosis is based on type III secretion system (TTSS).
This procedure forms a pore in the host cell membranes and delivers translocator and
effector proteins through the pore into the target cells (3).
The genes involved in the cell entry of organisms are located on a 30-kb region in sd197
plasmid. This region contains the ipa, mxi, and spa operons, as well as the virB gene,
which encodes a transcriptional activator. Four Ipa proteins, IpaA to IpaD, which are
encoded by the ipa operon, are secreted through a type III secretion apparatus which is
encoded by the mxi and spa operons. Although ipa, mxi, and spa operons are expressed
by bacteria growing in vitro, only a small proportion of Ipa proteins is actually secreted
by the wild-type strain under these growth conditions. In contrast, the secretion of
presynthesized Ipa proteins, Shigella invasion plasmid antigen, is activated upon contact
of bacteria with epithelial cells (4).
IpaC is necessary for the invasion of bacteria into epithelial cells. It triggers signals that
causes actin polymerization. It is also shown that IpaC can assemble actin filaments in
vitro which are associated with its Salmonella homolog SipC behavior (5). The putative
extracellular IpaB-IpaC complex has been proposed to mediate pathogen entry possibly
through binding of α5β1 integrin receptors (6). IpaB and IpaC separately bind to the
chaperone IpgC in the bacterial cytoplasm and assemble upon secretion, thereby
forming the pore inserted into host cell membranes for translocons (5). IpaB and IpaC
contain hydrophobic segments and remain associated with the membrane of lysed
erythrocytes, suggesting that these two proteins are components of the S. flexneri
translocator. In addition, some effector functions have been proposed for IpaB and IpaC
(7). The IpaB and IpaC have some roles in eventual escape from phagolysosomes. The
Ipa proteins induce uptake of latex beads and noninvasive Shigellae, in addition to
traditional vaccine antigens (8). The N terminus of IpaC harbors sequences for TTSS
export and interaction with IpaB and recognition by IpgC. The central hydrophobic
region is involved in IpaB binding, IpaC penetration of phospholipids membranes, and
possibly protein stabilization. The C terminus of IpaC possesses essential
oligomerization and effector domains (9,10).
According to previous studies on Shigella vaccine based on LPS and the IpaB and IpaC
invasive proteins are important in pathogenesis and immunogenicity (11,12,13,14).
However, due to lack of effective vaccine against Shigella strains and increasing
frequency of antibiotics resistance, there is an urgent need for finding candidate
molecules to be used in vaccination against Shigella. Therefore, the main goals of this
study were cloning, expression, purification and functional analysis of IpaC produced in
prokaryotic system.
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MATERIALS AND METHODS
Construction of Recombinant Pasmid IpaC-pET-28a (+). Forward primer with
EcoRI restriction site 5́'-GAAGTA GAATTC ATG GAA ATT CAA AAC ACA A-3́'
and reverse One with HindIII restriction site 5́'-GAAAAT AAG CTT TTA AGC TCG
AAT GTT ACC AG-3́' were designed and qualified by Gene runner software (V.3.o5).
Reference sequence number for primer designing was NC_007107 in NCBI gene bank.
Total DNA was extracted from 5 ml LB (Luria Bertani) media using CTAB/NaCl
method (15). PCR was performed in 25µl total volume include 1u Pfu DNA polymerase
(Fermentas, USA), 0.2 mM dNTPs, 2 mM MgSo4 and 0.8 pmol of both forward and
reverse primers in final concentration. PCR program performed as initial denaturation in
94°C for 5 min followed by 30 cycles: 40 s at 94°C, 30 s at 57°C, and 1 min at 74°C
and a final extension for 5 min in 74°C. PCR product was evaluated 1% agarose gel
electrophoresis and detected by ethidium bromide, and visualized under a UV
transilluminator (15).
PCR product was purified using gel extraction kit (Fermentas #K069). Purified PCR
product and pET-28a(+) vector were double digested by using of 1µ EcoRI and HindIII
in total volume digestion reaction with 2x Tango buffer (Fermentase) concentration.
Digested fragment and vector were ligated using T4 ligase. E.coli DH5α competent
cells were transformed by pET-28a/IpaC. After one round recombinant DH5α culture
and plasmid extraction using plasmid extraction kit (Fermentas #0503). Recombinant
vector containing IpaC gene was transformed into E.coli BL21DE3 pLysS competent
cells.
Colonies were screened by three tests; digestion of a miniprep plasmid DNA with
EcoRI and HindIII, colony PCR and sequencing of purified plasmid using T7 terminator
primer ABI pyrosequences by 3130 xlgenetic analyzer-20253-001 from human genetic
laboratory (15).
Expression and Purification of Recombinant IpaC. E.coli BL21DE3 harboring
recombinant plasmid pET-28a/IpaC was grown in 5 ml LB containing kanamycin
antibiotic 37°C at 150 rpm for overnight. For optimization of protein expression,
various times, temperatures and IPTG concentrations were tested and the best condition
was optimized. Bacterial culture (in OD of 0.6 at 600 nm) was induced with 1 mM
isopropylthio-β-galactoside (IPTG) at 37°C for 4 h. Harvested cells were lysed in 5x
sample buffer [100mmol Tris HCl pH 8, 20% glycerol, 4% sodium dodecyl sulfate
(SDS), 2% beta mercapto- ethanol, 0.2% bromo phenol blue] and analyzed with 12%
SDS polyacrylamide gel with protein marker (SM 0671) as described by Sambrook
(15). The gel was stained with Coomassie brilliant blue R-250. Non-induced cell culture
was analyzed as negative control. For high level purification of IpaC, the supernatant
also was mixed by Ni-NTA column (QIAGEN). Purified proteins were dialyzed against
pH 7.2, Tris-Hcl to remove urea and protein refolding (16).
Western Blotting Analysis. Western blotting was performed using monoclonal Rabbit
anti His-tag antibody or immunized guinea pigs sera. Protein samples were under
electrophoresis using SDS-PAGE and then transfer to nitrilocellulose membrane.
Nitrilocellulose membrane impute blocking buffer at 4°C for overnight. Briefly,
membrane was incubated by primary antibody (anti-His tag) and detected by HRPconjugated mouse anti-rabbit antibody or HRP-conjugated goat anti guinea pigs IgG as
secondary antibody, subsequently was detected by DAB (3,3- Diaminobenzidine) as the
chromogenic reaction substrate (17).
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Immunogenicity and Protective Efficacy of IpaC in Guinea Pigs. In order to
evaluate immunogenicity of the recombinant IpaC, 10 male guinea pigs (Hartley albino
strain) were injected with 30µg of recombinant IpaC in 250 µl of phosphate-buffered
saline (PBS) and 250 µl Freund’s complete adjuvant (Razi, Ins) as the test group. Three
booster does were given at 14 day intervals, using Freund’s incomplete adjuvant. Also,
we consider 10 other guinea pigs as control group. Blood samples from guinea pigs
were collected before each booster injection and 14 days after the last injection to
determine the antibody titration by ELISA assay. Sera obtained after centrifugation of
blood at 1000 rpm for 10 minute. Two weeks after the final immunization (recombinant
IpaC), all guinea pigs (control and test) were challenged intracellulary with S.
dysenteriae Type 1(6×108 CFU/eye). Following challenge with the virulent strain,
animals were inspected daily (48 h) for the development of keratoconjunctivitis.
Indirect ELISA. ELISA method utilized to measure serum antibody levels. Briefly,
Serial dilutions of sera (1:400- 1:6400) and HRP-conjugated goat anti guinea pigs IgG
(DAKO, Co) were used against coated recombinant IpaC. For detection, the substrate
(OPD + H2O2) was added, the reaction mixture was incubated for 10 min and then
reaction was stopped by the addition of 0.5 M H2 SO4. The OD of the reaction mixture
was measured at 490.
RESULTS
PCR Amplification of IpaC Gene and Restriction Map. 1092 bp PCR product was
detected using 1% agarose gel electrophoresis followed by Et Br staining. To
confirmation of PCR product fidelity, we analyzed a restriction map on it. According to
restriction map in NEB cutter, IpaC gene produced two DNA segments of 299 and 800
bp after SacI digestion (Figure 1).

Figure 1. Analysis of PCR product on 1% agarose gel electrophoresis. Lane 1, PCR product of
IpaC gene. Lane 2, PCR product was digested with SacI. Lane 3, 10 kb DNA size marker.

Construction of Recombinant Plasmid and Restriction Enzyme Confirmation. The
produced construct, pET28a(+)-E7-STxB, was confirmed by 3 methods; First, by
restriction enzyme analysis, then by PCR reaction of extracted vectors and finally by
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sequencing of the inserted fragment. Digested pET28a/IpaC with EcoRI and HindIII
confirmed insertion in expression plasmid. The sequence get in this step was submitted
to gene bank (GenBank accession JQ657702).

Figure 2. SDS-PAGE analysis of purified IpaC
recombinant protein from soluble fraction by
using of Ni-NTA column. Lane 1,2,3,4,5.
Induce cells (1), exited sample of buffer C(2),
protein marker SM0671(3), exited sample of
buffer E (4), exited sample of buffer MES(5).

Expression and Purification of IpaC Gene in Escherichia coli. Recombinant protein
was purified by using of Ni-NTA column affinity chromatography after induction
recombinant bacteria harboring IpaC- pET28a (+) by 1 mM IPTG for 4 h cell lysis and
protein precipitation was carried out. SDS-PAGE analysis confirmed a 45-kDa
molecular weight size for recombinant protein as we expected. SDS-PAGE analysis was
followed by Western-Blot analysis, using anti His-tag monoclonal antibodies. WesternBlot assay confirmed fidelity of expressed recombinant protein (Figure 2).

Figure 3. Western blot of IpaC. Lane 1,
supernatant from E. coli clone with insert.
Lane 2, from E. coli clone without insert.
Lane 3, Protein Molecular Weight
Marker.

Immunogenicity and Assay of Recombinant Fusion Protein. Purified collected
recombinant IpaC was applied for immunologic tests by ELISA analysis showed
positive results for IgG (Figure 3) in sera from 10 guinea pigs immunized by
recombinant IpaC. In contrast, serum from the control group showed negative results.
Also data indicated that the production of antibody was increased after last injection
lower than 1/1600 dilution (Figure 4).
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Figure 4. Investigation antibody titration in the serum of guinea pigs against IpaC. Titers over 4
OD could not be measured.

Western blot analysis demonstrated correct interaction between protein purified
(recombinant IpaC) and produced antibody (Figure 5).

Figure 5. Western blot analysis. Lane 1,
Purified recombinant IpaC. Lane 2, from E. coli
clone without pET28/ipaC. Lane 3, Protein
Marker SM0671.

All guinea pigs immunized (test) and non immunized (control) were challenged
intraocularly with virulent S. dysenteriae Type 1(6×108 CFU/eye) according to Sereny
test. After 24-48 h all control animals were fully developed in keratoconjunctivitis with
purulence whereas in immunized animal low Sereny reaction or mild irritation was
observed (Figure 6).
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Figure 6. Clinical results of challenge with S. Flexneri 2a. Left picture: eye guinea pig in normall
condition, middle picture: the eye of negative control after challenge, right eye: eye immunized
guinea pig after challenge.

DISCUSSION
In this study we constructed a new recombinant candidate vaccine against shigellosis.
Our analyses on purified recombinant protein showed a candidate vaccine that can be
used in further studies to become standardized for a trial phase. However the method of
delivery for this vaccine remains to be addressed. Although various types of vaccines
against Shigella have been under development, nowadays only oral live attenuated
vaccine of flexeneri 2a and sonnei (FS) are in use (5,18,19).
This study is the first report of evaluating the cloning, expression, immunogenicity and
animal challenge of recombinant IpaC of Shigella dysenteriae strains from Iran.
Regarding the numerous reports of mortality by shigellosis, antibiotics resistance and
lack of a robust vaccine against this disease, developing a more effective vaccine for
shigellosis is necessary. Vaccine development for invasive mucosal pathogens such as
Shigella requires consideration of both the pathogenic mechanisms as well as the host
immune responses upon infection. In both humans and monkeys, infection with Shigella
induces an immune response against LPS and the protein invasive IpaB and IpaC
protein (11).
In general, various studies have indicated that pathogenic and immunogenic role of
IpaC is significant and this protein can be used as a candidate vaccine (12,13). Edwin et
al. investigated Invaplex vaccine and showed that the vaccine had successfully primed
the immune system (14). These reports support our opinion for selection of IpaC as a
candidate vaccine. In 2012, Martinez-Becerra reported that intranasal immunization
with IpaB/D can evoke a protective immune response only in combination with dmLT
(20). Strikingly, we showed that the protection can be achieved with intraperitoneal
administration of IpaC. In this study, the gene encoding IpaC was isolated from local
isolate of Shigella dysenteriae that causes Shigellosis in humans. DNA fragment of the
expected size (near 1092 bp) was the most important domain of this gene (21-23).
Similar to this study, previous studies reported that the purification had to be carried in
the presence of urea. Therefore, IpaC was prepared by urea and then dialysis was used
to remove urea (24,25). Immunogenecity assay for IpaC recombinant protein showed
acceptable efficacy (80-90%) in the immunized animals with very low dose of purified
protein.
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In conclusion, we propose more standardized procedures to be carried on this protein for
production of a new generation of recombinant vaccines against shigellosis.
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