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ABSTRACT 
Background: Helicobacter pylori is a widely distributed gram negative bacterium that infects the human stomach and 
duodenum. Some antibiotic regimens are subjected to cure the infection but the cost of drugs, poor patient compliance 
and emerging of antibiotic-resistant strains are limiting the usefulness of these antibiotic therapies. Therefore, interest in 
a H. pylori vaccine is growing up rapidly.  
Materials and methods: We selected a fragment of B subunit of H. pylori urease enzyme consist of four important 
epitopes, involving in elevating host immune responses. This 1070bp fragment was amplified by PCR from genomic 
DNA isolated from H. pylori 22596 and then cloned into the pET28a expression vector. UreB229-561 was expressed 
and then affinity-purified by Ni2+-Sepharose resin. The recombinant UreB229-561 was reacted with the serum of H. 
pylori-infected human and rabbit anti-H. pylori polyclonal antibody in western-blot analysis.  
Results: Having transformed competent E.coli DH5α with ligation product of digested ureB fragment and pET28a, 
plasmid extraction from single colonies appeared in LB-agar plate after 18-24 h incubation at 37°C, using plasmid 
extraction kit (Bioneer, Korea). Applying both infected human serum and rabbit anti-H. pylori polyclonal antibody, 
brown strip corresponding to the location of the recombinant protein appeared on PVDF membrane after adding DAB 
solution, hence confirming the antigenicity of the protein. This recombinant fragment showed urease activity.  
Conclusion: Our findings confirmed that a prokaryotic expression system of rUreB229-561 was successfully constructed. 
The results of SDS-PAGE showed that our constructed prokaryotic expression system pET28a- ureB229-561 -BL21DE3 
efficiently produces target recombinant protein in the form of dissoluble inclusion body. Therefore we can suggest that 
these epitopes can effectively be a vaccine candidate. 
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INTRODUCTION  
1Helicobacter pylori is a widely distributed 

gram-negative, spiral bacterium that infects the 
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human stomach and duodenum (1). This bacterium 
appears to transmit from person to person by oral-
oral or fecal-oral route. Although most infected 
individuals are asymptomatic, in some cases the 
infection is associated with acute/chronic gastritis 
or development of peptic ulcer, mucosa-associated 
lymphoid tissue (MALT) lymphoma and gastric 
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adenocarcinoma (2). Recently, H. pylori was 
defined as a class 1 carcinogen by the World 
Health Organization (3). Despite of host’s vigorous 
immune response, the organisms evade humoral 
and cellular immune mechanisms and persist even 
for decades in the stomach environment (4). The 
currently most used eradicating treatment strategies 
for H. pylori infection relies on a triple antibiotic 
therapy, but the cost of these drugs, poor patient 
compliance and emerging of antibiotic-resistant 
strains are some of the drawbacks of these 
therapies. In addition successful eradication 
therapy does not protect the host from re-infection 
(5). Vaccination against H. pylori becomes an 
attractive approach for both therapeutic and 
prophylactic purpose. Various antigens which 
known to be involved in the pathogenesis of the 
infection have been proposed as  suitable  vaccine 
candidates, such as urease, the cytotoxin-associated 
antigen (CagA), the vacuolating cytotoxin (VacA), 
the helicobacter pylori adhesion A (HpaA), and 
others (6). The urease which is expressed by almost 
all H. pylori isolates is one of the most essential 
enzymes for virulence and colonization of H. pylori 
in the gastric mucosa by neutralizing the 
microenvironment of H. pylori in the stomach (6). 
This enzyme consists of two major subunits, UreA 
(26.5 kD) and UreB (61 kD). The UreB is 
considered as a reliable vaccine candidate antigen 
and found to be protective in mice (7). Some 
important epitopes of the B subunit of H. pylori 
urease and their roles in host’s immune induction 
have been identified such as U546–561 and U229–244 for 
induction of Th2-type cytokine responses and  
U237–251 which can induces Th1-type cytokine 
production. In addition, U327–334 induces anti-bodies 
that neutralize urease activity (8,9). 

Since epitope-based vaccines represent a new 
strategy for eliciting a specific immune response 
against the selected epitopes, in the present study 
we choose a fragment of UreB which contains all 
of these epitopes (UreB229-561) to determine its 
antigenisity as a good vaccine candidate. The 

results of current study may supply further 
experimental foundation for the development of H 
pylori vaccine. 

 
 

MATERIALS and METHODS 
Bacterial strains and vector: Standard H. pylori 

strain 26695 was preserved in our laboratory. E. 
coli strains DH5α and BL-21(DE3) were obtained 
from Invitrogen and Novagen (USA), respectively. 
pET-28a Plasmid as expression vector was 
provided from Novagen . 

Preparation of DNA template and polymerase 
chain reaction (PCR): Genomic DNA of H. pylori 
strain 26695 was extracted by routine phenol-
chloroform method and then was solved in TE 
buffer; concentration and purity of extracted DNA 
was determined by spectrophotometry (10). The 
specific primers were designed by Gene-Runner 
software according to ureB sequences of H. pylori 
strain 26695 from NCBI. The sequence of forward 
primer with an endonuclease site of NdeI and 
reverse primer with an endonuclease site of SacI 
were:  
5'-ACCCATATGTCTGCAATCAATCATGC-3' and 

5`-TTGGAGCTCGCTCACTTTATTGGCTG-3`.  
By setting up the different items such as heat 

and concentration of mixture component, suitable 
PCR condition was achieved. Total volume of each 
PCR reaction was 25μl which consisted of  0.5µM 
of each primer, 2.5µl 10X PCR buffer, 0.2mM 
each dNTP, 1.5mM MgSO4, 2.5U of Pfu DNA 
polymerase (Takara, Japan) and 200ng genomic 
DNA. PCR condition consisted of initial 
denaturing at 98°C for 60s and 30 cycles of 
amplification consisted of denaturing at 95°C for 
30 s, annealing at 55°C for 30 s, polymerization at 
72°C for 60 s and additional extension time for  
8 min after the last PCR cycle. PCR products were 
analysis by electrophoresis on 1% (w/v) agarose 
gel (Fermentas) and then the expected 1017bp 
bands was recovered from the gel using PCR 
purification kit (Bioneer, Korea). 
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Cloning, expression and purification of  
UreB229-561: After enzymatic digestion of purified 
ureB fragment and pET28a cloning vector with 
responsible endonucleases, ligation reaction 
between insert and vector was performed (10) and 
the recombinant plasmid was amplified in E.coli 
strain DH5α and then extracted by plasmid 
extraction kit (Bioneer, Korea).  

Cloning was confirmed by PCR, enzymatic 
digestion and sequencing by a commercial facility 
using universal forward and reverse T7-promoter 
and T7-terminator primers was performed (TAG 
Copenhage A/S  Symbion, Denmark). 
Recombinant pET28a-ureB229-561 transformed into 
competent E. coli BL-21 (DE3) in the presence of 
kanamycin (30µg/ml).  

Confirmed positive clones was induced by 
adding of IPTG (1mmol/L) and incubated in 37ºC 
for further 4 hours. Having centrifuged, bacterial 
pellet was ultrasonically broken on ice in the 
presence of PMSF (1mM) as a protease inhibitor 
and centrifuged (10). Supernatant and precipitate 
were examined by SDS-PAGE to verify the 
location of expressed recombinant protein. 
rUreB229-561 was collected by Ni-NTA affinity 
chromatography under combination of denature 
and native conditions by binding, washing and 
eluting steps according to manufacturer's protocol 
(Qiagen) with some modification which described 
previously (11). Purified protein was dialyzed 
against PBS, pH 7.4 to remove imidazole and 
analyzed by 10% SDS–PAGE.  

Antibodies production: To produce H. pylori 
polyclonal antibody, adult females New Zealand 
white rabbits (Pasteur Research Institute, Tehran, 
Iran) were immunized subcutaneously with H. 
pylori lysate containing approximately 1mg protein 
in Freund incomplete adjuvant (Sigma). Booster 
doses were also given on days 14 and 28 in 
incomplete Freund’s adjuvant. Then, 10 days after 
the last immunization animals were exsanguinated 
and the serum was collected and stored at -20°C 
until required for use. 

Western blot analysis: The proteins separated 

by SDS-PAGE transferred to 0.45m pore size 

PVDF membrane. The membrane was blocked by 
1% skim milk and then incubated with the serum of 
patient infected with H. pylori (diluted to 1:2000 in 
PBS–Tween) for 2 hours at RT. After washing, the 
protein was detected by incubating the membrane 
with HRP-conjugated goat anti-man IgG antibody 
(diluted to 1:2500 in PBS–Tween) for 1 h at RT. 
After 3 washing, the membrane was treated using 
DAB solution (Sigma, USA). Additional analysis 
was performed using rabbit anti-H. pylori 
polyclonal antibody (diluted to 1:2500 in PBS–
Tween) and  goat anti-rabbit immunoglobulin G 
horseradish peroxidase (HRP) conjugate antibody 
(Bio-Rad) (at a 1:5000 dilution in PBS-Tween 20) 
as the first and second antibodies, respectively, 
with the same method as described above. 

Rapid urease test: To determine urease activity 
of UreB229-561, rapid urease test was performed 
using the commercial kit (Bahar Afshan, Iran). 

 

RESULTS 
DNA extraction and PCR amplification for 

ureB229-561: Genomic DNA of H. pylori strain 
26695 extracted by routine phenol-chloroform 
method. Figure 1 represents 1017 bp bands resulted 
from amplification of ureB229-561 by specific 
primers. 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Electrophoresis of PCR product on agarose 
gel (1% w/v). Lane 1&2: expected band of ureB229-

561 (1017 bp); lane M: 1kb DNA size marker. 
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strip corresponding to the location of the 
recombinant protein appeared on PVDF membrane 
after adding DAB solution, hence confirming the 
antigenicity of the protein (figure 5). 

Rapid urease test: Twenty μl of recombinant 
UreB229-561 containing 10μg protein was added to 
the test tube, conversion of original color to red due 
to urea hydrolysis happened which confirmed the 
enzymatic activity of this recombinant fragment of 
ureB protein. 

 

 

DISCUSSION 
Prior investigators showed that UreB might be 

the most promising antigen candidate for H. pylori 
vaccine (6,12,13). H. pylori produces highly active 
urease, which catalyses the hydrolysis of urea to 
carbon dioxide and ammonia provides a neutral 
microenvironment around the organism to resist 
acidic condition of stomach. Hence, urease-
negative mutants fail to colonize gastric tissue (14). 
Therefore, urease especially UreB became suitable 
targets in vaccine researches and different 
investigators used these antigens in their studies. In 
1994, Ferrero et al. cloned the genes encoding the 
respective urease subunits and determined their 
antigenisity (15). Lu et al. constructed a 
recombinant protein of the urease B subunit of H. 
pylori and examined its biological properties. In 

their study, the expression of recombinant UreB 
was achieved in E.coli BL21 and western blotting 
indicated strong reactivity of the recombinant 
protein with polyclonal BalB/c mice anti-H. pylori 
sera or human sera infected with H. pylori (16). 
Purification and western blotting methods in these 
studies were the same as ours and the results were 
compatible too. An important aspect of current 
study is using an epitope containing region of ureB 
instead of whole protein to verify if this shorter 
fragment confer the suitable antigenisity. The 
shortness of antigen makes it suitable to fuse with 
other antigens. Epitope-based vaccine might be an 
alternative for currently used vaccine candidate 
such as whole cell or subunit antigens (17). 
Increased safety and specific immunity are some of 
the potential advantages of this approach (18). 

 Shi et al. identified and characterized three 
CD4+ T epitopes within the UreB antigen by using 
the RANKPEP prediction algorithm. They were 
U546–561, U229–244, and U237–251. In their study 
synthesized peptides were used to explore their 
anigenicity and immunogenicity. They found that 
all of these epitopes effectively stimulated 
proliferation of splenic CD4+ T lymphocytes (8). In 
addition, it has been reported that a B cell epitope 
from urease, U327–334, induces anti-bodies that 
neutralize urease activity (9). 

The truncated protein in our study contains all 
of these epitopes in recombinant form which can 
produce in larger amount and lower cost in contrast 
to synthetic form. However, to explore the 
immunogenicity and protective effect of this 
fragment, further studies such as immunization of 
animal models and challenging them with H.pylori 
must be achieved.  

For the first time, in the present study we 
constructed a recombinant fragment of UreB 
protein from aa 229 to aa 561 termed as UreB229-561 
which contains some important and well 
characterized epitopes. Our findings confirmed that 
a prokaryotic expression system of rUreB229-561 was 
successfully constructed. The results of SDS-

 
Figure 5. Western blot analysis of recombinant 
UreB229-561 protein probed with rabbit polyclonal 
anti-H. pylori antibody (1:2000). Lane 1: pellet of 
un-induced bacteria; lane 2: pellet of IPTG induced 
bacteria; lane M: protein size marker (kDa).  
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PAGE showed that our constructed prokaryotic 
expression system pET28a- ureB229-561 -BL21DE3 
efficiently produces target recombinant protein in 
the form of dissoluble inclusion body. The output 
of rUreB229-561 was approximately 40-50% of the 
total bacterial proteins. This highly expression 
might be beneficial to industrial production. 
Western blotting performed in this study confirms 
that rUreB229-561 could be recognized by both rabbit 
anti H. pylori polyclonal antibody and serum of H. 
pylori-infected human indicating an active and 
suitable immunoreactivity of the recombinant 
protein. Different studies demonstrate that the 
active site of H. pylori urease resides on the B 
subunit (9,19) and structural analysis of the urease 
showed that the important amino acid residues are 
Cys321, His322 and His323 which are implicated 
in catalysis and substrate binding (20). Presence of 
urease activity in rUreB229-561 suggests that the 
folding of truncated protein might be in a correct 
form to confer enzymatic activity. Furthermore 
according to other studies, our results showed that 
the urease activity of H. pylori is mainly related to 
the B subunit and the active site of the enzyme 
resides between aa 229 to aa 561 (21). These 
results support application of rUreB229-561 as a good 
candidate for the development of H. pylori vaccine.  
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