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Background: Helicobacter pylori is a human pathogen that causes chronic gastritis, which playsrole in gastric and duodenal ulcers, is
also involved in gastric carcinogenesis and may be regarded as a possible important factor in at least a subset of patients with functional
dyspepsia.

Objectives: This study was aimed to construct a recombinant protein containing H. pylori antigenic CagA region and determine its
antigenicity as a vaccine candidate against H. pylori.

Meterials and Methods: The antigenic region of CagA gene was detected by bioinformatics techniques. In this study, the H. pylori antigenic
CagAregion wasamplified by PCRand sub-cloned to prokaryotic expression vector pET32a. Escherichia coliBL21(DE3) pLysS was transformed
with pET32a- CagA and gene expression was induced by IPTG. The expressed protein was purified by affinity chromatography using Ni-
NTA resin. The integrity of the product was confirmed by western-blot analysis using Sera of infected individual. Finally antigenicity was
studied by western-blot analysis using human sera infected with H. pylori.

Results: Enzyme digestion analysis, PCRand sequencing showed that the target gene (1245 bp) was correctly inserted into the recombinant
vector. The expressed protein was purified using affinity chromatography by Ni-NTA resin. The data also indicated that CagA protein from
H. pylori detected from patients' sera.

Conclusions: Results indicates that antigenic region of recombinant CagA protein were recognized as an antigen , so it might be a
candidate for the development of H. pylori vaccine, ELISA kit designs and serological diagnosis of H. pylori infections.
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1. Background transfers CagA protein into the intracellular region of
gastric epithelial cell, inducing cellular hyper prolifera-
tion, apoptosis and leading to failure of gastric epithelial
cell in maintaining its normal cytoskeletal structure (4),
Also increases the secretion of cytokines such as tumor
necrosis factor (TNF) and interleukin (IL) 1, 6 and 8 by the
epithelial cells. The IL-8 leads to intense inflammatory
responses and stimulates the production of oxygen free
radicals that could cause DNA damage to adjacent cells.
Accumulation of oxidative DNA damage could lead to ge-
netic modifications of gastric epithelial cells which are
carcinogenic (5). A large number of studies have proven
the association between CagA positive strains and gas-
tritis and peptic ulcer. Also it may induce the persistent
systemic inflammatory responses and the increased risk
of recurrent atherosclerotic events (6).

Helicobacter pylori is a Gram negative, microaerophilic
spiral bacterium that colonizes in the human stomach
and induces gastric mucosal inflammations that are
linked to severe gastritis-associated diseases including
atrophic gastritis, peptic ulcer and gastric cancer (1). H.
pylori is detected in half of the world’s population. In
1994, the World Health Organization and International
Agency for Research on Cancer categorized H. pylori infec-
tion as a group I carcinogens (2). An important virulence
factor of H. pylori is a secreted toxin known as Cytotoxin-
associated gene A (CagA) which is located at the end of an
approximately 40-kb cluster of genes called cag pathoge-
nicity island (PAI).

Cag PAI encodes a type-IV secretion system (3) and

Implication for health policy/practice/research/medical education:

Currently, the main treatment to eliminate H. pylori is combined antibiotics therapy. However, due to incomplete eradication of H. pylori through anti-
biotic treatment, the cost of combination therapy, re-infection, patients’ complaints and emerges of antibiotic resistance strains, vaccination could be
suggested as a preventive approach. The CagA has been approved as an effective virulence factor involved in the pathogenesis of H. pylori infection. Thus,
this protein can be considered as a vaccine candidate.
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2. Objectives

By using major epitopes of each antigen instead of the
whole antigen, the specificity of fragment will increase
and more specific immune responses are stimulated.
Isolation, characterization and expression of H. pylori an-
tigenic region of CagA (arCagA) gene in E. coli as a host,
was presented in this paper. We also showed that recom-
binant CagA protein was recognized by infected human
sera using Western blot analysis.

3. Materials and Methods

3.1. Strains, Plasmids, Media and Sera

E. coli strain DH50 (Strata gene) (f - gyr A96 Nalr, recAl
relA1Thi-1 hsdR17 r -k m+k) were used for initial cloning and
maintenance of different DNA fragments. To produce
the recombinant protein, prokaryotic expression vector
pET32a (Novagene) was used. This vector can express a
fusion protein with a six-histidine tag, a thrombin rec-
ognition site and a T7 tag at the N-terminus. These addi-
tional amino acids increase the size of expressed protein
to about 20 kDa. The recombinant pET32a (pET32a-CagA)
is transformed into E. coli, BL21 (DE3) pLysS (f - ompthsdB,
B- mB-, dcm gal, DE3, pLYsScmr). The required antibiotics
were added to LB media according to the reference rec-
ommendation (7). All chemicals were purchased from
Merck (Germany) and all of the enzymes were provided
from Fermentas (Lithuania) or Cinagen (Iran).

Fifteen patients (8 male, 7 female) referred to the Vali-
Asr Hospital (a teaching university hospital in Arak, Iran)
from May to October 2011 for diagnostic upper gastro-
intestinal (UGI) endoscopy, were prospectively enrolled
in this study. Patients were considered H. pylori-positive
when the results of RUT were positive. a5-10 cc blood
sample was taken from each patient after red blood cell
separation (3000 rpm for 5 minutes). Sera were collected
and frozen at-20°C.

H. pylori was isolated from a biopsy sample of a dyspep-
tic patientundergoing endoscopy, who granted informed
consent. Two biopsy samples were processed for cultiva-
tionona5% packed cell Columbia agar containing 2-4%
fetal calf serum (Oxoid-Basingstoke, UK) and Skirrow’s
antibiotic supplements (Oxoid, UK). The plates were incu-
bated at 37°C for 5-7 days in microaerophilic conditions.
The isolates were identified as H. pylori by urease, catalase
and oxidase reactions and Gram staining (8). Molecular
identification was confirmed by PCR amplification of the
conserved ureC gene of H. pylori as described (9).

Antigenic regions: To find out the antigenic region
of CagA, the sequence of CagA gene (NCBI GenBank, gi:
259123369) was submitted to ABCpred, Bcepred and Em-
boss Antigenic web servers. Two specific Primers were de-
signed base on the sequences with OLIGO5 software. The
forward primer (5' TATGGATCCACAATAACGCTC 3') starts
from the beginning of the gene and contain BamHI site.

Reverse primers (5ATTCTCGAGTTCATCAAAAGATT 3') con-
tain recognition site for Xhol. The restriction enzyme sites
(underlined) were added to the primers for subsequent
cloning procedure. These two primers were designed to
amplify a 1245 bp fragment of the CagA coding region.

3.2. Chromosomal DNA Isolation

Genomic DNA was extracted from cultured samples ac-
cording to the standard CTAB/NaCl protocol(7, 10). Then,
the pellet of 1.5 mL bacterial culture was resuspended
overnight in TE buffer (Tris 10 mM, EDTA 1 mM, and pH 8),
the bacterial cell was lysed by sodium dodecyl sulphate
(SDS 10%) and proteinase K (20 mg/mL), the chromosom-
al DNA was extracted by CTAB/NaCl solution (10%CTAB
and 0.7 M NacCl). Cell debris and proteins were removed
by mixing and genomic DNA was extracted with two
times washing with phenol/chloroform/isoamylalcohole
(25:24:1) mixture. The tubes were centrifuged at 10000
rpm for 10 minutes at 4°C and the supernatants were
transferred to a fresh tube. In this phase, protein was
deposited and RNA and DNA remained in aqueous solu-
tion. DNA was precipitated by isopropanol and washed
with 70% ethanol and dissolved in TE buffer and stored at
-20°C.

3.3. Gene Amplification

PCR was performed in a 50 L total volume containing
500 ng of template DNA, 1 uM of each primer, 2.5 mM
Mg?2*, 200 uM (each) deoxynucleoside triphosphates, 1x
PCR buffer and 2.5 unit of pfu DNA polymerase (Fermen-
tas, Lithuania). The following conditions were used for
amplification: hot start at 94°C for five minutes, followed
by thirty cycles of denaturation at 94°C for one minute,
annealing at 50°C for one minute and extension at 72°C
for one minute. The program followed by a final exten-
sion at 72°C for five minutes. The PCR product was ana-
lyzed by electrophoresis in 1% agarose gel in 1x TBE buffer
and visualized by ethidiuethidium bromide staining on
UV transilluminator (11).

3.4. Cloning of arCagA Gene in Bacterial Expres-
sion Vector

The PCR product was purified from the agarose gel with
high pure PCR product purification kit (Roche, Germany)
.The PCR product was digested with BamHI and Xhol and
ligated to pET32a, which were digested by the same re-
striction enzymes, using T4 DNA ligase at 16°C overnight.
Moreover Escherichia coli DH5a and E. coli BL21 (DE3) pLYsS
competent cells were prepared by calcium chloride
method and were used for transformation of plasmid (7).

3.5. Expression and Purification of Recombinant

CagA

The pET32a-arCagA plasmids was transformed into E.
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coli BL21 (DE3) pLYsS according to the standard method
(7) and grown on2 mlL Luria Bertani (LB) Broth supple-
mented with Ampicillin (100 pg/mL) at 37°C with agita-
tion. A colony containing the recombinant plasmid was
incubated on shaking incubator for overnight at 37°C in
2 mL LB medium containing 100 ug/mL Ampicillin. For
expression of recombinant protein, 500 uLof culture was
added in 50 M1 LB broth (per liter contains: 10 g yeast ex-
tract (Difco, USA), 20 g Bacto tryptone broth (Difco, USA),
0.2% (mass/vol) glucose, 10 g NaCl, 1 g KCI, 0.5 g MgCl2,
0.5 g CaCl,, 100 ng/ mL Ampicillin), incubated at 37°C and
200 rpm shaking with vigorous agitation until the opti-
cal density reached 0.6 at 600 nm. Expression of the CagA
protein was then induced by the addition of Isopropyl
thio p-D-galactosidase (IPTG) to a final concentration of 1
mM and incubation was continued for the next4 hours.

The expressed protein was purified by Ni-NTA agarose
resin affinity chromatography according to manufac-
ture instruction (Qiagen, USA). The quality and quantity
of purified recombinant arCagA protein was analyzed by
SDS polyacrylamide gel electrophoresis (SDS-PAGE 12%)
and Bradford methods, respectively (7). In order to ana-
lyze the cross-reaction between fused segments (20 kDa)
of recombinant arCagA protein (in pET32a) with patient
sera, an E. coli BL21 (DE3) plysS containing pET32 a vector
was induced by IPTG as a control.

3.6. Antigenicity of Recombinant arCagA

The integrity of the product was confirmed by western-
blot analysis. Serum from an H. pylori sero-positive pa-
tient (1:100 dilution), CagA antibody and normal human

sera were used as primary antibody. Western blotting
was performed according to standard protocol (12) using
normal human sera and CagA antibody as negative and
positive control, respectively. For western blot analyses,
0.5 pg purified recombinant arCagA protein was used
per well. The gel was blotted on to poly vinylidinedifluo-
ride (PVDF) Membrane (Roche, Germany) using transfer
buffer containing 25 mMTris (pH = 8.3), 192 mM glycine
and 20% methanol at 90 Vfor 3 hours at 4°C. The blotted
membrane was blocked with 2.5% (w/v) BSA in TBS buffer
(0.5 M NacCl, 0.02 M Tris pH 8.5, 0.05% tween 20) for 1 hour
at room temperature. Membranes were incubated for 2
hours at room temperature with diluted sera 1:100 from
patient’s sera, normal sera and CagA antibody. After re-
action with the primary antibody, the membranes were
washed three times with TBS and incubated with antihu-
man IgG (Bioscience, USA) in 1:1000 dilution of TBS.

Then washed three times with TBS and reactions were
developed by Diamino Banzidine (DAB) solution (Roche,
Germany). As a negative control, the bacterial lysate from
induced E. coli BL21 (DE3) pLysS containing pET32a vector
was analyzed by Western blot.

4. Results

4.1. Antigenic Regions

According to the results of three data banks which were
in accordance, amino acids sequence of 886 till 2131 was
selected as regions with high antigenic properties (Fig-
ure1).

YGSTITLYLLCQWGVHSNIEPEKVSLLYGDNGGPEARHDWNATVGYK
DQQGSNVATLINAHLYNGSGLITAGNEDGIKNPSFYLYKEDQLTGLKQ
AMSQEEIQNKVDFLEFLAKNNAKLDNLSEKEKEKFQTEIENFQKDRKA
YLDALGNDHVAFVSKKDQKHLALITEFGNGEVSYTLKDYGKKQDKLL
DGEVKTTLQGSLEYDGMMFVDYSNFKYTNASKSPDKGVSATNGVSHL
EANFSKVAVFNLPNLNNLAITNYIRRDLEDKLWAKGLSPQEANKLIKD
FLNSNKELVVKVSNFNKAVAEAKNTGNYDEVKKAQKEDLEKSLRKREH
LEKEVAKKLESRIDNKNRMEAKAQANSQKDKIFALINKEASKEARAAA
FDPNLKGIRSELSDKLENINKNLKDFGKSFDELEN

Figure 1. The Result of Antigenic Fragments

4.2. DNA Amplification and Molecular Charac-
terization of arCagA Gene

The chromosomal DNA of H. pylori was extracted for
amplification of arCagA gene. The amplified fragment
had the expected size of 1245 bp comparing to 100 bp
DNA ladder (Fermentas, Lithuania).

4.3. PCR Product Analysis and Cloning

The recombinant plasmid (pET32a-arCagA) was se-
quenced by standard primers and dideoxy chain ter-

Jundishapur ] Microbiol. 2013;6(9):7367

mination method (Figure 2).

The sequencing result was confirmed by comparing
databases and using basic local alignment search tool
(BLAST) software (data not shown). Data showed that,
PCR product was identical to CagA gene (NCBI Gen-
Bank, gi: 259123369). To confirm the transformation
of pET32a-arCagA into E.coliBL21(DE3) pLYsS, PCR re-
action and enzymatic digestion with BamHI and Xhol
were performed and showed that the target gene was
inserted correctly into it.
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pET-32a + Insert
7144 bp

Figure 2. Schematic Representation of the PET32a and rCaga

4.4. Expression and Purification of Recombinant
Protein

pET32a-arCagA which was constructed by insertion of
1245 bp fragment of CagA gene (encoding a ~66 kDa ma-
ture peptide) into the pET32a (expression vector) was in-
troduced into E.coli BL21 (DE3) pLYsS and the expression
of recombinant protein was induced by IPTG. SDS-PAGE
analysis of induced cells showed a band with desired mo-
lecular weight of 65 kDa. Due to the presence of 6x His-tag
at the N-terminal region of arCagA, we could purify the
recombinant protein using Ni-NTA resin affinity chro-
matography (Figure 3) and we obtained~13% purity of
arCagA expressed protein in E. coli . The concentration of
recombinant protein was assayed after purification and
calculated to 470 mg|L of the initial culture.

4.5. Immunoblotting Analysis in Infected Human

To determine the antigenicity of recombinant anti-
genic region of CagA protein in patients’ sera, identity
confirmation of antigenic region r-CagA was performed
via Western blotting and the desired band was observed
with an estimated molecular weight to f 65 kDa. Figure 4
shows the specific interaction between patients’ serum,
human normal sera and CagA antibody with purified
recombinant arCagA protein. Human normal sera were
used as a negative control and CagA antibody used as a
positive control.

There was no reaction between the expressed pET32a
in E. coli BL21 (DE3) pLysS and patient serum (data not-
shown).

Figure 3. Expression of Recombinant Antigenic Fragment of CagA Pro-
tein and It’s Purification.

Lane 1: Protein marker (Fermentas, Lithuania) , Lane 2 : pET32a-CagA be-
fore induction, Lane 3: pET32a-CagA after 4 hours induction, Lane 4 : puri-
fication of recombinant fragment of CagA protein.

Figure 4. Western Blot Analysis of CagA Recombinant Antigenic Frag-
ment Using Patient Sera.

70 KDa

60EKDa — »

50 KDa

Lane 1: Protein marker (Fermentas, Lithuania ), Lane 2: Western blotting
by patient’s sera, Lane 3: Western blotting by Human normal sera (nega-
tive control ), Lane 4 : Western blotting by CagA antibody (positive con-
trol).
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3. Discussion

In this study, we have shown that recombinant antigen-
ic region of CagA (arCagA) protein can be produced by
the means of pET32a in E. coli. Our findings showed that
antigenic protein of CagA of H. pylori could be detected by
human sera infected with H. pylori. The discovery of H. py-
loriin 1982 was the starting point of a revolution concern-
ing the concepts and management of gastroduodenal
diseases. It is now well accepted that the most common
stomach diseases, peptic ulcer diseases, are infectious
diseases and all consensus conferences agree that the
causative agent, H. pylori infection, must be treated with
antibiotics. Furthermore, this possibility that bacterium
could be the trigger of various malignant diseases of the
stomach has been emerged and it is now a model for
chronic bacterial infections causing cancer (13).

H.pyloriinfection can be diagnosed by invasive and non-
invasive tests. Serological testing can be performed on
noninvasive collected clinical samples. Serological detec-
tion of infection caused by H. pylori containinga CagAby
the use of anti-CagA ELISA and Western blot of CagA are
the only noninvasive diagnostic tests at present available
for assessing strain virulence potential and possible dis-
ease risk. The reliability of CagA serology as a predictive
test for determining the CagA genotype of the infecting
strain is important because various serological assays are
now available (14).

Many strains of H. pylori produce CagA, which is an im-
munogenic high molecular weight protein (120- 145 kDa
protein) that induces numerous alterations in cellular
signaling pathways, leading to the designation of CagA
as a “bacterial on coprotein” (15 ). H. pylori CagA+ strains
have been associated with gastric ulcers, duodenal ulcers
and gastric cancers (16 ). Thus this protein can be a strong
vaccine candidate against H. pylori infections. Production
of recombinant CagA has been already done by the Tum-
muru ( 17 ), but due to heavy molecular weight (120 KD),
the protein was degraded. Hence in this study, the part
of CagA protein with suitable antigenic properties which
had been determined with bioinformatics methods, was
used for detecting antibody. Therefore the protein ob-
tained in this study is much smaller than normal CagA
protein, presenting the same antigenic properties. This
recombinant CagA can be used for detecting CagA anti-
body. By expression of protein in pET32a, several amino
acids such as thioredoxin protein , 6xHis tag and T7 tag
are added to the C or N terminal of recombinant peptide.
These additional amino acids may leaded to an about
20 kDa increase of the synthesized peptide molecular
weight, as shown in Figure 3, which can be interfered
with the subsequent immunological analyses.

In order to investigate the effect of additional amino
acids (thioredoxin protein, 6xHis tag and T7 tag) pET32a
vector in E. coli [BL21 (DE3) pLysS] was also induced by
IPTG and further Western blotting on human sera was
performed. The results showed that there was no inter-
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fere related to fused amino acids.

In this study, we used E. coli BL21 (DE3) plysS; this strain
has deficient in the cytoplasmic protease gene products
including Lon, OmpT, DegP or HtpR, in order to produce
high expression level of fusion proteins. Therefore the
highest expression of recombinant CagA in E. coli BL21
(DE3) plysS could be due to protease deficiency in this
strain. The pET system has been recognized as one of the
most powerful methods for producing recombinant pro-
teins in E. coli and the significant advantages of this sys-
tem have been widely discussed. All pET vectors are avail-
able in three reading frames. The plasmid contains the f1
origin of replication and the T7 lac promoter using IPTG
as the inducer (10).

Our findings also indicate that the highly regulated
expression vector with powerful T7 promoter (pET32a,),
in conjunction with suitable host cell E. coli, BL21 (DE3)
pLysS, could influence the expression level. The expressed
protein in pET system containing 6xHis tag is linked to ei-
ther C or N terminal extension of protein for purification
through an immobilized metal affinity chromatography
(IMAC). Another advantage of using pET32a is the pres-
ence of fusion tag at N-terminal of the multiple cloning
sites (MCS) which provides stability for RNA polymerase
during transcription of the cloned gene.

In this study, we have cloned and expressed antigenic
region of CagA under the control of T7 promoter in opti-
mized condition. Present data showed that recombinant
antigenic region of CagA is known as an antigen by pa-
tients' immune system. Therefore, recombinant antigen-
ic region of CagA protein has same epitopes with natural
form of this antigen. Recombinant antigenic region CagA
also seemed to be a promising antigen for the serologic
diagnosis of H. pylori infections.

Data indicates that antigenic parts of H. pylori recombi-
nant CagA protein were recognized by human immunity
system of infected individual. It can be concluded that
antigenic regions of CagA have antigenic property that
can be further used for the development of H. pylori vac-
cine, ELISA kits and diagnostic purpose.
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