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Background: Enterohemorrhagic Escherichia coli (EHEC) O157:H7 causes hemorrhagic colitis. The most important reservoirs of this 
bacterium are domestic ruminant, particularly the cattle. Although it has low prevalence, the severity of consequent diseases of this 
bacterium brings concerns to develop effective vaccines. This bacterium is able to produce attaching-effacing (A/E) lesions in intestinal 
epithelial cells and several genes have been implicated in A/E formation. EspA is part of the type III secretion systems that could deliver Tir 
(translocatedintimin receptor) to the host epithelial cell.
Objectives: The eae gene encoded intimin protein which is essential for colonization of the mucosa and A/E lesions formation by docking 
to the Tir.
Materials and Methods: Based on these concepts, the immunogenic part of eae and tir genes were constructed and fused together by a 
linker. The synthetic constructs were subcloned on pET28a + vector and expressed in E. coli BL21DE3. The purified chimeric recombinant 
protein was injected to mice and the rising antibody was assessed.
Results: The results showed that the chimeric recombinant protein induced strong humoral response as well as protection against live 
oral challenges using E. coli O157:H7.
Conclusions: The rIT could reduce bacterial shedding effectively.
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1. Introduction

Enterohemorrhagic Escherichia coli (EHEC) constitute 
an important group of zoonotic enteric pathogens in-
cluding EHEC O157:H7 which is the most common cause 
of bloody diarrhea or hemorrhagic colitis in the world 
(1). Cattles are the primary source and key control points 
of EHEC. Contamination by this organism is commonly 
acquired in humans through contact with ruminant 
feces (2, 3). Human infection may cause acute gastroen-
teritis and in some cases is followed by hemolytic ure-
mic syndrome (HUS) and hemorrhagic colitis with se-
vere renal and neurological sequelae (4). Furthermore, 
EHEC O157:H7 like other Shiga-like toxin producing E. coli 
(STECs) can be life threatening via producing shiga toxins 
(5, 6). EHEC belongs to a family of pathogens that cause 
attaching and effacing lesions (7) and develops attaching 

and effacing (A/E) lesions on mammalian cell in vitro and 
in vivo (8, 9). Like other diarrhea producing (entropatho-
genic, EPEC) E. coli, this intestinal pathogen seems to 
perturbs the intestinal barrier involving degeneration of 
epithelial brush border microvilli and the formation of 
actin-rich pedestals within the host cell beneath the ad-
herent bacteria (10). A number of factors include flagella, 
fimbreae/pili, autotransporters, and a type III secretion 
system has been identified, contributing EHEC O157 for 
colonization of gastrointestinal epithelium (2, 11).

Attachment to the host cell is mediated primarily by 
a bacterial outer membrane protein called intimin, en-
coded by eae gene, in concert with firstly host- considered 
receptor (12). The carboxy-terminal portion of intimin 
binds the bacterium-encoded (translocated to host cell 
membrane) intimin receptor (Tir), resulting in intimate 
attachment of bacteria to the eukaryotic cell surface (1, 
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Enterohemorrhagic Escherichia coli (EHEC) are important groups of zoonotic enteric pathogens, including EHEC O157:H7. It is the most common cause of 
hemorrhagic colitis which can be life threatening by producing shiga toxins. Initial attachment and colonization of EHEC are due to outer membrane 
proteins like intimin, EspA and secreted proteins such as Tir. Blocking these factors can prevent bacterial binding at early stages. Exposure of the indi-
viduals to a recombinant protein involving functional epitopes of these factors could lead to stimulation of antibodies production against bacterial 
attachment.
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13). Sequence analysis of intimins from several species has 
revealed homology in amino-termini but less identity at 
their carboxy terminal. Unlike EPEC in which the tyrosine 
is being phosphorylated in EHEC, the Tir is not tyrosine 
phosphorylated within the host cell membrane (10). Secre-
tion of Tir is mediated by type III secretion system that de-
livers these virulence factors into the epithelial cells. The 
translocation tool assisting in secreting and/or delivery 
of type three secretion system (TTSS or T3SS) components 
and implied proteins, is a large filamentous organelle that 
is transiently present on the bacterial surface and inter-
acts with the host cell during the early stage of A/E lesion 
formation (14, 15). The major component of this filamen-
tous organelle is a structural protein named EspA which 
mediates binding bacteria to the host cell (13) as well as to 
translocation of EspB, EspD and Tir into host cells. Follow-
ing bacterial adhesion to host cell, intimin-Tir interaction 
causes delivery of virulence factors. This complex process 
may also result in morphological and functional altera-
tions, including rearrangement of cytoskeleton and mod-
ulates signal transduction pathways (10). It is worth taking 
required measures for a new and efficient vaccine against 
this organism, since not only using antibiotics causes en-
hanced pathogenesis (16) but also it is less efficient com-
paring to the current therapeutic methods (17).

It has been the long-term goals of scientific parties to 
develop an effective vaccine in ordr to prevent cattle from 
infection and consequent transmission of EHEC O157:H7 
to humans (18, 19). Limiting colonization and shedding of 
EHEC O157:H7 from terminal rectum of the cattle would 
decrease human exposure to this pathogen. The organ-
ism causes limited pathology at terminal rectum, hence 
it is most likely that the vaccine work by simply blocking 
bacterial adherence (2). As mentioned above, the factors 
contributing to EHEC O157:H7 initial attachment and 
colonization are outer membrane proteins like intimin, 
EspA and secreted proteins such as Tir. Blocking these 
factors can lead to the prevention of bacterial binding at 
very early stages. It was hypothesized that a recombinant 
protein, involving functional epitopes of these factors 
lead to the development of multimeric protein chimer. 
The resultant has the ability to stimulate antibodies 
which award drastic resistance to bacterial attachment.

2. Objectives
The aim of this study was to analyze the effect of the 

divalent chimeric protein composed of intimin and Tir 
(rIT) in prevention of the mice rectal epithelium colo-
nization by EHEC O157:H7 and subsequent reduction 
of shedding. The interactive epitops of the mentioned 
proteins are selected according to their intimate role in 
bacterial attachment. Finally, the effect is compared with 
previous studies.

3. Materials and Methods

3.1. Amplification of Synthetic Gene
The divalent fragment including 282 amino acids from 

C-terminal of intimin (intimin 282, the part which in-
teracts with Tir) and 103 amino acids of Tir (residues 
258-361 which interact with intimin), were amplified 
via PCR from a previously described trivalent synthetic 
gene, GenBank accession number FJ744505 (20). The 
primers used included 5'-ATCTATGAATTCTTTGATCAGAC-
CAAAGCG-3' as forward eae, and 5'-ATCTACTAAGCTTT-
TAGCCCGCGCCGC-3' as reverse tir. The restriction sites 
EcoRI and HindIII were inserted at the 5´ end of primers 
respectively.

3.2. Cloning, Expression and Purification of Recom-
binant Chimeric Proteins

The PCR amplified Intimin-Tir (IT) fragment digested 
with respect to enzymes and were cloned into pET28a. 
The recombinant plasmid was transformed to E. coli BL21 
DE3 calcium treated competent cells in heat-cold shock 
procedure. Screening of true clones was examined by di-
gestion and PCR. Recombinant E. coli BL21 DE3 contained 
IT fragment were cultured until OD600nm: 0.6, then in-
duced with 1 mM IPTG for laboratory scale production. 
Recombinant divalent proteins were expressed and the 
cells were harvested by centrifugation at 5000 rpm for 5 
min. Purification was done by Ni-NTA column (QIAGEN) 
under native condition and verified by SDS-PAGE fol-
lowed by coomassie blue staining. Protein concentration 
was assessed via Bradford assay.

3.3. Western Blotting
Western blotting was analyzed with specific anti 6 × His 

tag antibody for both recombinant chimer proteins. In-
duced and un-induced recombinants E. coli BL21 DE3 were 
selected as test and control groups, respectively. The clear 
cell lysate was run on SDS-PAGE and were blotted onto ni-
trocellulose membrane. The membrane was blocked us-
ing 5% skim milk in PBS. After 3 times of washing, using 
PBS/T (PBS containing 0.05% Tween 20), 1:8000 dilution 
of anti-histidine was applied on membrane for 45 min 
in 37˚C. After washing, the substrate was added and reac-
tion was stopped by distilled water.

3.4. Animal Immunization With Recombinant Pro-
teins

Two groups of BALBC/c (Pasteur Institute of Iran) were 
immunized. Test group was administrated subcuta-
neously with chimeric protein along with complete 
Freund’s adjuvant (SIGMA) (Table 1). 
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The control group received adjuvant with sterile PBS. 
Boosting was performed 14 and 28 days later with in-

complete Freund’s adjuvant, and blood samples were ob-
tained after each boosting from mice eyes.

Table 1. Summary of Immunization Protocols 

Groups Initial Immunization Booster 1 Booster 2

Components Quantity (µL ) Components Quantity (µL) Components Quantity (µL)

Control, (n = 4) PBS 100 PBS 100 PBS 100

C.F.Aa 100 I.F.Aa 100 I.F.A 100

rIT, (n = 4) rIT (5 µg) rIT (5 µg) rIT (5 µg)

C.F.A 100 I.F.A 100 I.F.A 100
a  Abbreviations: C.F.A, complete Freund's adjuvant; I.F.A, incomplete Freund's adjuvant

3.5. Quantification of Specific Humoral Antibody
ELISA (enzyme-linked immunosorbent assay) was used 

to quantify antibody rise in theserum of control and im-
munized mice. The ELISA plate were coated overnight at 
4˚C with 5 µg of rIT diluted in 100 µL carbonate buffer 
(0.05 M, pH = 9.6). After each step, wells were washed with 
PBS/T (0.05% Tween 20). Non-specific binding sites were 
blocked with 100 µL of 5% dry milk in PBS. Serial dilutions 
for each test and control group serums were prepared 
beginning from 1/200 in PBS (100 µL per well) and incu-
bated for one hour in 37˚C. After washing with PBS/T, anti-
mouse IgG conjugate (SIGMA) 1/5000 diluted in PBS was 
added. Following final washing, color was developed by 
addition of OPD as a substrate and reaction was stopped 
with H2SO4 2M. The OD492 nm was measured using mi-
croplate reader (PERLONG).

3.6. Characterization of Antibodies Against Chi-
mera Protein

ELISA was applied to assess Ag-Ab and Ab-whole cell 
(of bacteria) interaction level. The purified chimer di-
valent protein (rIT) was assayed with antibodies raised 
against trivalent chimer protein consisting of EspA120-
Intimin282-Tir103 obtained from our previous work (16). 
Serum of immunized mice raised against rIT was also as-
sayed with the trivalent protein (rEIT).

3.7. Live Assay
Fourteen days after final administration, the mice were 

treated with water containing 5 mg/mL streptomycin 
overnight. The mice were challanged orally with 1010 
CFU E. coli O157:H7 from reference laboratory of Booali 
Hospital (ATCC: 35218 containing espA, eae, tir genes), 
suspended in 100 µL sterile PBS per mouse. CFU/gr faces 
of bacteria were enumerated alternate days in 14 days by 
plating 100 µL of 1:10 w/v dilution of feces in LB broth onto 
sorbitol MacConkey agar containing 0.5 mg/l cefexime 
and 2.5 mg/l tellurite to differentiate other E. coli strains 
other than O157:H7. Serial dilution of feces was continued 

to have no more growth on plate and an average of enu-
meration of several dilutions were calculated and report-
ed as total bacterial shedding for each mouse.

3.8. Tissue Sampling
Three weeks after challenge, the mice were sacrificed 

and colon and cecum were collected for histological 
analysis. Each biopsy was fixed in 10% formaldehyde and 
sent to pathology assay. Tissue sections were stained with 
hematoxylin and eosin and checked by microscope.

3.9. Analytical Comparison
The data in each figure was a representative of three ex-

periments expressed as the mean ± standard deviation 
(SD). All statistical analyses were done by SPSS (ver. 15.0) 
statistical program. ANOVA test was used to compare anti-
body responses between immunized and control groups. 
Evaluation and diagnosis of differences in EHEC coloni-
zation inhibition on intestinal epithelium surface of the 
mice were also performed with ANOVA test. A P value of 
less than 0.05 was considered statistically significant.

4. Results

4.1. Subcloning of Chimera Gene
Primers were applied for subcloning of fragment in 

E. coli BL21DE3 on expression vector pET28a. Fragment 
proliferated by PCR is displayed in Figure 1 A. The cloned 
chimer recombinants digested with related restriction 
enzymes are shown in Figure 1 B. 

4.2. Expression and Purification of Chimera Pro-
tein

Recombinant IT protein was expressed with N-terminal 
His-tag and examined by SDS-PAGE and coomassie blue 
staining. Molecular weight of recombinant proteins was 
identified as anticipated. The SDS-PAGE analysis of the pu-
rified proteins is shown in Figure 2 A. The 46 KD bands 
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belong to rIT protein according to their expected molecu-
lar weight. The expression was confirmed by anti-His an-
tibodies using western blotting (Figure 2 B).

Figure 1. PCR Products and Digestion Analysis of Some Accidental 
Selected Transformed Clones on Agarose Gel 1%

1221

(A)                                               (B) 
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rIT  M 

1500 

1221bp

A) Lane M, DNA size marker. Lane rIT, recombinant Intimin-Tir. B) Lane M, 
DNA size marker 1kb. Lane 1-3, digested construct of rIT

Figure 2. Purification and Identification of Recombinant IT

(A) (B)

E        B           A    M 

45 KD 

C        T2      T1       M 

55 KD

A) Purification steps of recombinant IT, M, protein size marker. B, cleared 
lysate before column. A, cleared lysate after column. E, elution with 250 
mM imidazole. B) Western blotting of recombinant IT. M, protein size 
marker. C, non-induced transformed BL21DE3 as control. T1, supernatant of 
induces transformed BL21DE3. T2, purified chimeric recombinant protein.

Protein purification was done in native condition. Elu-
tions (250 mM imidazole), containing protein concentra-
tion about 0.3 µg/µL which were determined by Bradford 
protein assay.

4.3. Serum Antigen Specific Responses
High titers of antibody response in immunized mice 

sera were observed compared to control groups using 
ELISA method. Raising antibody titer in immunized mice 
serums appeared significant after the first and second 
boosters in dilution 1/256,000 (Figure 3). 

4.4. Characterization of Recombinant Antigen
To confirm purified proteins as the right favourite an-

tigens and recognize their specificity, divalent protein 
was assayed with the anti-rEIT. In addition, anti-rIT was 
used to interact with trivalent rEIT. Their interaction was 
detected and quantified by ELISA assay (Table 2). Unim-
munized mice antisera were considered as the control 
group. 

Figure 3. Serum Antibody Response of BALB/C Mice Immunized With 
Recombinant Protein
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Figure depicts the anti-rit titer in each group.

Table 2. The Specific Antibody Characterization 

Intimin-Tir EspA-Intimin-Tir

Anti Intimin-Tir 25,000a 80,000

Anti EspA-Intimin-Tir 80,000 120,000
a  Data represents the values of antibody titers for each test (P < 0.05), 
Numerical shows dilution factor

4.5. Challenging With E. coli O157:H7 and Compar-
ing Bacterial Colonization

Immunized and unimmunized mice were challanged 
orally with live E. coli O157:H7 to deduce the ability of anti-
bodies to prevent colonization of bacteria on the epithe-
lium mice intestine. The shedding results demonstrated 
that anti-rIT effectively worked in prevention of attach-
ment and colonization of bacteria (Figure 4). 
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Figure 4. E. coli O157:H7 shedding in feces following subcutaneous admin-
istration in mice. Mice were immunized with rIT protein. Two weeks fol-
lowing the secondary immunization, the mice were orally fed 1010 E. coli 
O157:H7 and shedding was monitored in the feces for 14 days.
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The gradient of decrease in EHEC Log10CFU/gr in test 
groups compared to control in 2 weeks shows different 
rates of shedding (Figure 4). 

4.6. Tissue Assay
Tissue sections of distal intestine from the mice which 

received PBS/adjuvant (as control) and rIT/PBS/adju-
vant in two turns which had sent for pathology surveys 
showed that rIT reduced the volume of attaching bacte-
ria to the intestinal epithelium and efface the tissue less 
comparing with the control mice intestinal tissue which 
was not protected by any vaccine or other preventing fac-
tor. Figure 5 illustrates the weakened attaching/effacing 
effects on epithelial cells and reduced number of bacteria 
to the epithelium. 

Figure 5. Tissue Sampling of Colon and Cecum From Unimmunized and 
Immunized Infected Mice

(A)                                      (B)                                        (C) 

A) Untreated mice B) Unimmunized infected mice. C) Immunized rIT in-
fected mice. The numbers of bacteria have reduced in C as consequent of 
Immunized rIT.

5. Discussion
Several proteins, especially those encoded by LEE genes 

have been suggested and investigated as a vaccine can-
didate to protect cattle against EHEC. Some of these 
proteins include whole bacterial lysate, purified native 
virulence proteins, recombinant virulence proteins 
and finally truncated recombinant proteins from EHEC 
O157:H7 (2, 3, 16-19, 21-25). In 1998, it was believed that EspA 
is a major structural protein of filamentous organelle 
acting as a part of translocating apparatus of TTSS in en-
terobacteriaceae (15, 26) which secretes a number of in-
testinal virulence factors such as intimin (which docks 
intimately bacterial cell, onto Tir (bacterial transferred 
intimin receptor) (27). It also elucidated by Dean et al. 
that EHEC strains require intimin for colonization, A/E 
lesions, and disease in cattle and piglets per infection of 
newborn calves with intimin-positive or intimin-negative 
EHEC O157: H7 (28)). It could be proposed that blocking of 
biological function of these specific components mediat-
ed by their antagonist antibody could impair stability of 
bacteria on the epitheliual surface. Vilte DA et al. (2008) 
affirm that bovine colostrum contains immunoglobulin 
G antibodies against intimin, EspA, and EspB and could 
inhibit hemolytic activity mediated by the Type Three Se-
cretion System of A/E lesion producing Escherichia coli in 

newborn calves (29).
Several studies on purified or recombinant EspA, in-

timin and Tir proteins, have proved immunogenicity of 
these proteins (14, 16, 24, 25). Previous studies by Amani 
et al. on mouse model was carried out with the construct 
containing EspA, intimin and Tir. In this study, we ana-
lyzed the dimeric protein contain intimin and Tir. The 
effective immunity of intimin has been proved that this 
protein is more efficient vaccine than other virulence 
factors (3). This can be the reason why we included this 
protein in both constructs. On the other hand, the EspA 
protein acts as an important factor in attachment of bac-
teria and if it is blocked, the Tir protein will not be deliv-
ered and consequently the attachment of bacteria will 
be demolished (18). These arguments may be convincing 
enough to employ an approach for designing antigen/
antigens, considered the main protein candidate stud-
ied yet. Using multiepitope antigens is one of the recent 
methods of increasing immunogenicity of the antigens. 
Meanwhile using chimeric antigens can help us for bet-
ter understanding and characterization of each individ-
ual protein participating in the chimer.

In this study, we demonstrated that subcutaneous vac-
cination of mice with recombinant chimera protein in-
cluding Intimin282-Tir103 can develop high titer of IgG in 
the serum of immunized mice. Comparing ELISA results 
of this divalent chimera protein with the trivalent chime-
ra protein (16) indicates that the trivalent chimeric anti-
gen can stimulate humoral responses more strongly. ELI-
SA results revealed higher titer for Intimin-Tir. It supports 
the results obtained from live challenges with bacteria. 
The unimmunized control mice did not show a signifi-
cant raise in antibody titer. The specific antibody against 
divalent protein (IT) could be able to recognize the native 
intimin in the whole cell and secreted protein of EHEC 
bacteria (Data not shown). It has been demonstrated that 
selected portions of proteins could stimulate humoral 
antibodies which could recognize native intimin and 
Tir. McNeilly et al. (2010) demonstrated that systematic 
vaccination of cattle with a combination of purified in-
timin531, EspA and Tir significantly reduces shedding of 
E. coli O157:H7 following oral challenge. It is worth men-
tioning thatimmunizing animals via these methods indi-
vidually produce serological responses, however it does 
not protect animals from oral challenges (24).

Statistical analysis showed significance differences be-
tween test and control groups for both cases of ELISA and 
live assay results. Subsequently the results of vaccination 
of rIT confirm inhibition of intestinal colonization of E. 
coli O157:H7 in mice Results of live assay showed the rIT 
could prevent EHEC O157:H7 from attaching to the epithe-
lium and shorten the duration of fecal bacteria shedding. 
According to the observations (Figure 4) rIT was able to 
prevent colonization of the bacteria in the intestine 
as confirmed by bacterial shedding in feces of the test 
group decreased with a significant difference compared 
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to that of control group during 2 weeks monitoring. Our 
study showed that Intimin-Tir (IT) recombinant protein 
can be considered as candidate vaccines and, which has 
the ability to prevent EHEC attachment to and coloniza-
tion in the intestinal epithelium of the mice.
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