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Introduction

Helicobacter pylori is a spiral, gram negative, and microaerophilic bacterium that can 

colonize in gastric epithelial cells [1]. H. pylori is known as the main cause of chronic 

gastritis and is related to peptic ulcers and gastric cancer [2]. Although half of the world’s 

population is infected with this bacterium, most of those infected are asymptomatic 

and 15%-20% of infected people develop the related diseases [3]. The most common 

treatment for H. pylori is triple therapy including the combination of two antibiotics 

(clarithromycin plus amoxicillin or metronidazole) with a proton pump inhibitor [4]. 

Increasing cases of antibiotic resistant H. pylori infections present a serious challenge 

in the treatment of infection [5]. Therefore it is necessary to explore alternative thera-

peutic approaches. Passive immunization with oral antibody can provide rapid protec-
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Purpose: The common triple therapy for Helicobacter pylori is challenged by the increasing 
cases of antibiotic resistant infections, raising the need to explore alternative therapies. Oral 
administration of egg yolk immunoglobulin Y (IgY) has been previously reported as a means of 
passive immunization therapy for H. pylori infections. In this work, we investigated the inhibi-
tory effect of IgY on the attachment of H. pylori to AGS cell line.
Materials and Methods: Recombinant OipA was prepared. Hens were immunized with recom-
binant protein three times. IgY was purified from egg yolks of immunized hens using polyeth-
ylene glycol precipitation method. The inhibitory effect of the specific immunoglobulin was 
evaluated in AGS cell line infected with H. pylori. 
Results: The presence of recombinant OipA (30 kD) was confirmed via sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE). Immunization of hens was confirmed using 
enzyme-linked immunosorbent assay. The purified IgY from egg yolks were assessed using 
SDS-PAGE and confirmed by western blot. 
Conclusion: The results showed that IgY-OipA had inhibitory effect on attachment of H. pylori 
to AGS cell line and may be utilized as a therapeutic or prophylaxis material.

Keywords: Helicobacter pylori, IgY, OipA, AGS cell line, Co-culture techniques
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tion against intestinal infections [6,7]. Recently, hen egg yolk 

immunoglobulin (IgY) has been reported to offer significant 

advantages compared to mammalian IgG, including cost-ef-

fectiveness, convenience, high yield and being non-invasive 

[8]. IgY, derived from immunized hen with whole-cell lysate 

of H. pylori, was shown to inhibit the growth of the bacteria 

and reduces gastric inflammation in infected Mongolian ger-

bils [9]. However, immunoglobulin against whole-cell lysates 

was reported to have cross-reaction with intestinal normal 

flora [10]. Therefore, it is essential to choose an appropriate 

virulent antigen of H. pylori for producing IgY. Approximately 

4% of the H. pylori genome encodes for outer membrane pro-

teins (OMPs); among them is the outer inflammatory protein 

(OipA), which is one of the major OMPs of the pathogen. Oi-

pA is an important virulence factor due to its role in adhesion 

to epithelial cells and increasing inflammation as the result of 

enhancing interleukin-8 secretion [11,12]. Additionally, this 

inflammatory protein is thought to facilitate colonization and 

associate with other major virulent factor of H. pylori CagA, 

in development of gastric cancer [12,13]. Due to its role in ad-

herence and path ogenesis, specific antibody against OipA, 

may serve as an inhibitor of adhesion to gastric epithelial cell. 

In this study, specific IgY against the recombinant OipA pro-

tein produced and inhibitory effects of antibody against the 

H. pylori binding to AGS cell line was evaluated. 

Materials and Methods

Expression and purification of recombinant OipA
Expression and purification of recombinant OipA (rOipA) 

was performed according to our previous report [14]. Briefly, 

recombinant pET28a-oipA was transferred into Escherichia 

coli BL21 (DE3) strain (Novagene, Madison, WI, USA). Re-

combinant cells were grown in LB broth (Merck, Darmstadt, 

Germany), which contained 30 µg/mL kanamycin (Sigma, St. 

Louis, MO, USA) to OD620 of 0.1. Expression of recombinant 

protein was induced with 1 mmol/L of IPTG (Thermo Scien-

tific, Waltham, MA, USA). Three-hour induced cells were col-

lected (8,000 ×g/4°C) and were washed with phosphate buff-

ered saline (PBS; pH 7.4). Purification of rOipA was carried 

via Ni2+- chelate chromatography according to our previous 

report in hybrid method of denaturation on column resolubi-

lization [15], and was assessed by sodium dodecyl sulfate poly-

acrylamide gel electrophoresis (SDS-PAGE) and NanoDrop 

(Wilmington, DE, USA) (data not shown). 

Immunization of hens
Ten 25-week-old white Leghorn hens were obtained from 

laboratory animal production center of Pasteur Institute of 

Iran (Alborz, Karaj, Iran). Hens were immunized by 20 µg/

mL of rOipA formulated with complete Freund’s adjuvant in-

tramuscularly administrated into two sides of chest area (0.5 

mL to each side). Two subsequent boosters containing rOipA 

formulated with incomplete Freund’s adjuvant free rOipA re-

spectively were administered with two weeks of interval. A 

control group which received PBS (pH 7.2) intramuscularly 

was considered. One month after immunization, hens were 

bled from sub-wing vein and serum samples were collected. 

Serum immunoglobulin titers specifically directed to rOipA 

were measured via enzyme-linked immunosorbent assay 

(ELISA), and hen with the highest titration of antibody was 

chosen for egg collection. Eggs from selected hens were col-

lected daily for one month and were stored at 4°C.

ELISA
ELISA test was performed according to a previous report with 

some modifications [16]. 96-well ELISA plates (Nunc, Copen-

hagen, Denmark) were coated with 10 µg/mL of recombinant 

OipA diluted in PBS and were incubated overnight at 4°C. Af-

ter three times of washing (PBS containing 0.05% Tween 20; 

PBS-T), plates were blocked with 1% bovine serum albumin 

at 37°C for 1 hour. After three washing, 1:200 dilution of each 

serum sample was added to the first well and was diluted sub-

sequently (1:2). Plates were incubated at 37°C for 60 minutes. 

Plates were washed and incubated for 1 hour at 37°C with 100 

µL horseradish peroxide (HRP)-conjugated rabbit anti-IgY 

antibody (Sigma, Seelz, Germany) in the ratio of 1:5,000. Fi-

nally, plates were washed and 100 µL TMB was added to each 

well. Chromogenic reaction was allowed to be developed for 

15 minutes at 25°C until the reaction was stopped by adding 

50 µL of 1 M H2SO4; optical density of wells were recorded at 

450 nm.

Purification of IgY-OipA
Purification of IgY was carried out by polyethylene glycol (PEG) 

precipitation method [17]. Briefly, the yolk was carefully sep-

arated from egg white. PBS was added to egg yolk by two vol-

ume and mixed; thereafter PEG 6000 was added by 3.5% of 

the total volume and was mixed by rotation for 10 minutes. 

Mixture was centrifuged at 10,000 ×g (4°C, 20 minutes) and 

supernatant was passed through a filter-paper, PEG 6000 was 

added to the filtrate by 8.5% w/v, and was mixed properly for 
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10 minutes; followed by centrifugation as described above. 

The pellet was carefully dissolved in 1 mL PBS (pH 7.2) by 

means of a glass sticks and vortex. PBS was added to a final 

volume of 10 mL. PEG 6000 was added to the solution by 12% 

w/v, mixed by rotation and centrifuged as described above. The 

pellet was dissolved carefully in 800 µL PBS. The final solu-

tion was dialyzed overnight against 50 volumes normal saline 

0.1% (1,600 mL) with 3 exchanges. Purified IgY-OipA was an-

alyzed by SDS-PAGE and western blot, subsequently [18,19].

Bacterial strain and culture condition
H. pylori SS1 was used for attachment studies. H. pylori was 

cultured on specific medium composed of brucella agar (QU-

ELAB, Montreal, Canada) supplemented with 5% fetal bovine 

serum (FBS; Gibco, Paisley, UK), 10% de-fibrinated sheep 

blood and antibiotics (amphotericin B, 2.5 µg/mL; vancomy-

cin, 10 µg/mL trimethoprim, 5 µg/mL; and polymyxin B, 2.5 

IU/mL; Sigma, Seelze, Germany). Inoculated plates were in-

cubated in microaerophilic condition for 72 hours (37°C, 10% 

CO2) [9].

AGS cell culture
AGS cell line was obtained from Pasteur Institute of Iran (Teh-

ran, Iran). AGS cells were grown in tissue culture flasks (Jet-

Biofil, Elgin, IL, USA) as described before [20]. The cells were 

grown in RPMI 1640 medium (Gibco) supplemented with 

FBS 10%, penicillin 100 IU/mL, and streptomycin 100 µg/mL 

(Gibco), and were incubated in a humidified atmosphere 

supplemented with 5% CO2 at 37°C.

Co-culture procedure
Co-culture was performed by procedure that was described 

by Yu et al. [21] and Kim et al. [22] with some modification. 

Briefly, AGS cells were cultured in 96-well polypropylene tis-

sue culture plates (Jet-Biofil) and H. pylori SS1 was cultured 

as explained before. Bacterial cells were washed off the plate 

aseptically and were re-suspended in antibiotic-free RPMI 

1640 medium to an OD600nm of 0.5. Various concentrations of 

IgY-OipA were added as triplicate to each bacterial suspen-

sion followed by 2 hours of incubation under microaerophilic 

conditions while rotating. The treatment was done for IgY ob-

tained from control group as well. AGS monolayer was wash-

ed with sterile PBS twice and 200 µL of IgY-treated and non-

treated bacterial suspension was added at an H. pylori/AGS 

ratio of 100:1. Intact AGS cells were considered as negative 

controls. Cultures were incubated for 3 hours. Co-cultures 

were washed with PBS twice to remove any unattached bac-

teria; cells were fixed by adding 300 µL of pure methanol for 

15 minutes. Methanol was poured off gently and plates were 

let to be completely dried in 37°C for 1 hour three times. H. 

pylori cells were traced via ELISA using rabbit anti H. pylori 

whole-cell lysate (produced in our laboratory) by 1:2,000 di-

lution and detection HRP-conjugated anti-Rabbit IgG (Sig-

ma) by 1:4,000, then developed with TMB. Reactions were 

stopped with 1 M H2SO4 and OD450nm of wells were recorded.

Results

Expression and purification of rOipA
Recombinant OipA was successfully expressed and purified 
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Fig. 1. Detection and purification of expressed OipA. (A) OipA was detected by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). Lane M: low molecular weight standard protein size marker (kDa); lane 1: non-induced OipA; lane 2, 3, 4, and 5: induced OipA with 1 
mmol/L IPTG at t = 0, 1, 2, and 3 hr, respectively. 30-kD band were detected in induced lanes. T = 3 hr was the best time for induction. (B) Puri-
fied OipA was detected using SDS-PAGE. Lane M: low molecular weight standard protein size marker (kDa); lane 1: 30-kD band was detected 
as purified OipA.
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(Fig. 1); 30-kD band was detected as purified rOipA (Fig. 1B). 

The concentration of rOipA obtained from induced culture 

was 260 µg/mL.

SDS-PAGE and western blot analysis of IgY-OipA
The ELISA results for the blood serum obtained from immu-

nized hens subjected to the rOipA injection showed signifi-

cantly high affinity toward recombinant protein. The ELISA 

result of hen with the highest antibody response was showed 

in Fig. 2. 

 Purification from egg yolks were carried out and yielded a 

total of 35 mg purified IgY-OipA per egg; purified IgY was stored 

at –20°C. SDS-PAGE showed a light chain (25 kD) and heavy 

chain (60 kD) (Fig. 3). To analysis of specificity of produced 

IgY against rOipA, western blotting was performed (Fig. 4). 

The result was shown that IgY was able to recognize rOipA 

and a single band (30 kD) was detected.

Inhibitory effects of IgY-OipA
H. pylori SS1 suspensions which were treated with different 
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Fig. 3. Purified IgY detection by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE). After purification by polyeth-
ylene glycol precipitation method, IgY was detected by SDS-PAGE. 
Lane IgY: purified IgY; light chain (25 kDa) and heavy chain (60 kDa); M: 
low molecular weight standard protein size marker (kDa).
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Fig. 2. The reaction between IgY-OipA produced in serum and recom-
binant OipA. The titration of serum in the first hen having the highest 
affinity toward recombinant protein was shown (No. 1). Serum of non-
immunized hens (phosphate buffered saline injected) were used as 
negative control.
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Fig. 4. Specific IgY against rOipA detection by western blot analy-
sis. Lane IgY-OipA: rOipA band (30 kDa) was detected; lane M: low 
molecular weight standard protein size marker (kDa). Western blot 
analysis using IgY against OipA showed a single 30-kDa protein on 
nitrocellulose paper. Purified IgY was used as first layer, and rabbit–
anti-IgY conjugated with horseradish peroxide enzyme was used as 
second-layer antibody.

Fig. 5. Inhibition of Helicobacter pylori attachment to AGS cell line by 
IgY-OipA. Attahment of H. pylori SS1 to AGS cells were assessed by 
co-culture and enzyme-linked immunosorbent assay. Treatments of 
bacteria with ≥ 0.5 mg/mL concentration of IgY-OipA inhibited attach-
ment of bacteria to the AGS cell line.
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concentration of IgY-OipA showed a various result in inhibi-

tion of bacterial attachment to the AGS cells (Fig. 5). As de-

picted, 1 mg/mL and 0.5 mg/mL concentrations of the IgY-

OipA showed the optimal inhibitory effects towards the at-

tachment of the pathogen to AGS cells.

Discussion

Increasing antibiotic resistance among H. pylori poses a sig-

nificant challenge for clinicians and has been prohibited in 

European countries since 2006 [8]. Passive immunization is 

an attractive alternative procedure for prevention and thera-

py of H. pylori infections. IgY is one of the candidates for oral 

(passive) immunization approach and has the important ad-

vantage of not being toxigenic. Since it does not activate mam-

malian complement and does not intract with mammalian 

Fc receptor, IgY does not cause inflammatory response [6]. 

Oral administration of specific IgY can be effective against a 

variety of intestinal pathogens incuding Salmonella, rotavirus 

[8,23-25]. There are numerous reports on the feasibility of us-

ing IgY-supplement food [26]. IgY is also more convenient in 

terms of production compared to mammalian IgG, including 

high yield, economical production, non-invasive method, sim-

ple and fast isolation, and non-toxigenic usage in diet [8,27,28]. 

 IgY is produced either against whole cell lysates or against 

cell components. IgY produced against whole-cell lysates of 

bacteria has been reported to decrease colonization of H. py-

lori in infected Mongolian gerbils; however, efficiency and 

specificity of the antibody decreased due to the possibility of 

cross-reaction with other bacteria, including human gastro-

intestinal tract [7,9,10]. Urease is the only selective antigen 

reported for H. pylori. This enzyme neutralizes the acidic gas-

tric environment by converting urea to ammonia ions, and 

can help H. pylori survive in the stomach [29]. Suzuki et al. [30] 

investigated the effect of dietary anti-urease IgY on H. pylori 

infection. Although they declared a decline of H. pylori asso-

ciated gastritis and partial attenuation of gastric urease activ-

ity, they could not demonstrate the role of produced IgY in 

preventing of H. pylori colonization. In other study, Nomu ra 

et al. [7] demonstrated attenuation of gastric mucosal inflam-

mation in H. pylori infected gerbils without affecting the level 

of bacterial colonization. However, Malekshahi et al. [10] re-

ported prevention of bacterial colonization in a similar study.

 In our study, recombinant OipA was isolated from H. pylori 

and was used to induce production of anti-OipA IgY which 

was obtained from immunized hens. Bacterial adhesins are 

considered as important antigens since they aid in the colo-

nization of H. pylori on gastric epithelial cells [29]. OipA is a 

major H. pylori adhesin and plays a major role in the bacteri-

al colonization of the gastric mucosa in animal models [12,31, 

32]. Dossumbekova et al. [12] showed that OipA mutagenesis 

could result in decreasing bacterial adhesion to gastric epi-

thelial in vitro.

 We used AGS cell line as a model for gastric epithelium to 

study the effect of specific IgY on bacterial attachment to epi-

thelial cell, due to difficulty in obtaining primary gastric cells 

[33]. IgY-OipA produced in this study effectively inhibited the 

attachment of H. pylori to the AGS cells. No change in bacte-

rial attachment was observed when IgY obtained from the 

control group of hens was used for the treatment. Further-

more, our work demosntrates the simlpicity and cost effec-

tiveness of the procedure due to the high yield of the produced 

IgY compared to mammalian IgG, which proves that IgY as 

an economical source of anti-adhesion for passive therapy. 

The yield of antibody obtained from PEG percipitation meth-

od in our study was 35 mg per egg or 13 mg/mL of egg yolk. 

This was higher volume than the obtained from other IgY pu-

rification methods; for instance, 9.8 mg IgY/mL egg yolk was 

routinely obtained from water dilution method reported by 

Akita and Nakai [34]. The yield of IgY purified by ion exchange 

chromatography method was also too low [35]. In another 

study, Shin et al. [9], attained 9.4 mg of IgY per mL of egg yolk 

using modified Akita and Nakai method. Amount as much as 

8.9 mg IgY/mL of yolk was reported by Hodek et al. [36] using 

filtaration followed by precipitation of IgY with sodium chlo-

ride.

 In conclution, the observed specific inhibitory effect of the 

IgY-OipA, proposes OipA as a potential antigen for producing 

potent antibodies for passive therapy. Our results suggest IgY-

OipA to be a deserving candidate for further investigations on 

alternative therapeutic or prophylaxis agents. 
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