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Enterohemorrhagic Escherichia coli (EHEC) comprise an important group of enteric pathogens causing
hemorrhagic colitis and hemolytic uremic syndrome. These bacteria need EspA (E) as a conduct for Tir (T)
delivery to the host cell and surface arrayed intimin (I) which docks the bacterium to the translocated Tir.
This phenomenon leads to attaching and effacing (A/E) lesions. A trivalent recombinant protein called
rEIT composed of immunologically important portions of EspA, Intimin and Tir was constructed as a
candidate vaccine. For high-level expression, the EIT gene was synthesized with codon bias of E. coli. The
immunization was conducted in mice with purified rEIT. The results showed that this chimeric protein
induced strong humoral response as well as protection against live challenges using EHEC.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Enterohemorrhagic Escherichia coli 0157:H7 (EHEC) is signifi-
cant zoonotic pathogen of human beings capable of causing severe
gastrointestinal diseases, including hemorrhagic colitis, hemolytic
uremic syndrome (HUS) and thrombotic thrombocytopenic pur-
pura (TTP) [1]. Outbreak of EHEC infection has been frequently
reported worldwide [2,3]. Treatment of EHEC infection remains
problematic since conventional use of antibiotics can enhance
pathogenesis [4].

EHEC can form characteristic attaching and effacing (A/E) lesions
on mammalian cells growing in vitro [5] and in vivo [6]. The first
gene to be associated with A/E activity was eae gene encoding
intimin; which is an outer membrane adhesion molecule essen-
tial for intimate bacterial attachment to eukaryotic host cells. It
has been shown that intimin is required for colonization of E. coli
0157:H7 in animal models [7]. The intimin encoded by eae gene
is a part of a pathogenicity island found in enteropathogenic and
enterohemorrhagic E. coli termed the locus of enterocyte efface-
ment (LEE) [8,9]. The LEE encodes a type Il secretion system (TTSS)
which includes a translocated intimin receptor (Tir) [10] and three
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secreted proteins EspA, EspB, and EspD. These proteins are required
for signal transduction in mammalian host cells and A/E lesion for-
mation [11]. EspA s a structural protein and a major component of
a large filamentous organelle that is transiently expressed on the
bacterial surface and interacts with the host cell during the early
stage of A/E lesion formation [12]. This filament may contribute to
bacterial adhesion but greater significant role is of a component
of translocation apparatus that is essential for the translocation
of EspB, EspD [12] and Tir into host cells [10,13]. Secretion of Tir
through the EspA filament leads to intimate attachment of the bac-
terium through intimin-Tir interaction [12,14].

The main components in EHEC AJ/E lesion formation are
EspA which provides targets for disruption of bacterial-host cell
interaction and therefore disease resistance strategies. EspA is
immunogenic and its polyclonal antibody has been demonstrated
to decrease adherence of EPEC and EHEC to host cells in vitro [15].

Intimin is a key colonization factor for EHEC O157:H7 in neona-
tal calves [7], young and weaned calves [16], adult cattle and sheep
[17]. Studies on the different intimins from EPEC and EHEC have
shown that receptor-binding activity is localized to the C-terminal
280 amino acids (Int280) which mediates the interaction with Tir
[18]. Serological and phylogenetic analysis has identified at least
six distinct intimin subtypes (designated Int- «, B, v, 6, € and 0)
that vary in the sequence of the carboxy-terminal cell-binding
domain [19].

Vaccination with the carboxy-terminal of intimin induced
strong response of specific antibodies in serum and colostrums
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Fig. 1. Diagram of constructed recombinant proteins EIT containing EspA 120,
Intimin 282, Tir 103.

of pregnant swines [16] and reduced the time of E. coli 0157:H7
shedding in mice [20]. In the cattle, EHEC does not cause dis-
ease and localize on intestinal epithelium [21], mucosal antibodies
against bacterial attachment can preclude colonization of bacte-
ria in the intestinal cattle [22]. EHEC vaccines evaluated so far
exhibited significant effect on subsequent EHEC colonization in cat-
tle. EspA, Intimin and Tir proteins were individually proven to be
immunogenic [23-26]. There is still a room to take measures in
order to make the currently available vaccines more effective i.e.
a combined triple EspA, Intimin, Tir antigens in a single recom-
binant protein would reduce the necessity of producing three
separate antigens, which would make it more cost-effective and
would ease the manufacturing. Thus, we designed a new con-
struction containing EspA 120, lacking 36 amino acids from the
N-terminal of the protein, Intimin 282 amino acids from the C-
terminal of Intimin, and Tir 103, residues 258-361 which interact
with Intimin [27,28]. In the present study immunogenicity of a
trivalent recombinant protein (EIT) coded by a synthetic gene is
reported.

2. Materials and methods
2.1. Bacterial strains, plasmids and media

E. coli 0157:H7 was obtained from reference laboratory, Booali
Hospital (ATCC: 35218), Tehran. Plasmid pET-28a was from
Novagen (USA). E. coli BL21 (DE3) and DH5a were procured from
Pasteur Institute of Iran. All E. coli strains were grown in LB broth at
37°C, media were supplemented, when required, with kanamycin
(SIGMA, 40 pg/ml). E. coli isolates were stored at —70°C in 20%
glycerol.

2.2. Design and construction of chimeric EIT

GenBank was the main reference for retrieval of the sequences
of the gene encoding EspA C120, Intimin €282 and Tir 103. The
genes were back translated to nucleotide sequence. The codon
optimization was performed by codon usage of E. coli and bioin-
formatic analysis was performed as reported in our previous
work [28]. These genes were used to generate trivalent pro-
teins by linkers (EAAAK)* in between (Fig. 1) and the restriction
sites for enzymes BamHI and HindIIl at the 5’ and the 3’ sites
respectively. The gene encoding target protein was verified by
Gen-Script (NJ, USA) and synthesized by Shine Gene Molecular
Biotech, Inc. (Shanghai, China) into pUC57 cloning vector. The
final sequence is accessible under GenBank accession number
FJ744505.

2.3. Expression of chimeric EIT

The synthetic gene was subcloned into pET28a with the 6X-
His-tag at the N-terminal and expressed under the control of the
T7 promoter. The pET-EIT recombinant plasmid was transformed
into E. coli strain BL21 (DE3) and cells were stored at —70°C. Glyc-
erol stock cells (100 pl) were inoculated into 5ml of LB medium
and the culture was grown under agitation at 37°C overnight.
This culture was used to inoculate 10 ml of LB medium containing
20 pg/ml kanamycin. The culture was grown at 37 °C to an optical
density (600 nm) of 0.5-0.7. Expression of the chimeric sequence

was achieved by the addition of 1 mM IPTG (SIGMA). Cells were
harvested by centrifugation at 5000 rpm/10 min and each pellet
was resuspended in 0.3 ml of lysis buffer (50 mM NaH,POy4, pH 8.0,
300 mM Na(l, 0.2 mg/ml lysozyme). The samples were analyzed by
SDS-PAGE.

2.4. Purification of recombinant fusion protein

The recombinant protein was purified using Nickel-
nitrilotriacetic acid (Ni-NTA) (Qiagen) resin under native con-
dition. 100 ml cell pellet was thawed and resuspended in 6ml
lysis buffer (50 mM NaH;POg4, pH 8.0, 300 mM NacCl, 10 mM imi-
dazole, 0.2 mg/ml lysozyme). The suspension was kept at room
temperature for 20 min for lysis. The lysate was then centrifuged
at 14,000 rpm for 20 min. The supernatant was poured into the
Ni-NTA affinity column and the flow-through of the soluble
fraction was collected. The column was washed with washing
buffer containing 40 mM imidazole and bound protein was eluted
with 2ml of 250 mM imidazole followed by 1 ml of 20 mM MES
(2-(N-morpholino)ethanesulfonic acid) buffer. The purification
procedure was carried out at 4 °C and the purified chimeric protein
(EIT) was monitored on 10% SDS-PAGE.

2.5. Western blot analysis

Purified protein from SDS-PAGE was transferred to nitrocel-
lulose membrane using transfer buffer (39 mM glycine, 48 mM
Tris-base, 0.037% SDS, and 20% methanol) by Bio-Rad Mini Protean
I1 System. The membrane was incubated in the blocking buffer of 3%
gelatin/phosphate-buffered saline (PBS, 137 mM Nacl, 2.7 mM KCl,
and 4.3 mM NayHPOy4, pH7.3) at 4 °C overnight. The membrane was
then incubated in a 1:1000 dilution of mice anti-His-tag IgG in the
PBS/T (PBS contain 0.05% Tween 20), with gentle shaking for 1h
at 37°C. The membrane was washed with PBS/T three times and
then incubated in 1:50,000 dilution of HRP-conjugated goat anti-
mouse IgG antibody (SIGMA), with gentle shaking for 1h at 37°C.
The membrane was washed three times with PBS/T and detection
was carried out using HRP staining solution (DAB). Chromogenic
reaction was stopped by rinsing the membrane twice with distilled
water.

2.6. Animal immunization

Five-week-old female BALB/C mice (Pasteur Institute of Iran)
were divided into test and control groups. Each mouse in the test
group was injected subcutaneously in the back of neck with 20 g
recombinant EIT protein with complete Freund’s adjuvant (SIGMA).
Using incomplete Freund’s adjuvant, 15 pg and 10 g rEIT were
injected after 20 and 35 days respectively as the booster doses.
Fourteen days after the last booster, 5 g rEIT was given intraperi-
toneally. As a negative control, PBS was injected with the same
procedure. Blood samples were collected from the mice after the
second, third and fourth injections. The sera were stored at —70°C
for further analyses [29,30].

2.7. Determination of serum IgG and fecal IgA antibody responses
to recombinant EIT

Antibody specific responses were determined by an enzyme-
linked immunosorbent assay (ELISA). Polystyrene 96-well plates
(Nunc) were coated with 5 g of rEIT protein in coating buffer
(64 mM Na,CO3, 136 mM NaHCOs3, pH 9.8) at 4°C overnight. The
plates were washed three times with phosphate-buffered saline
containing 0.05% Tween 20 (PBS/T) and the non-specific sites were
blocked with 3% gelatin in PBS/T. Mouse serum samples were seri-
ally diluted to 1:500 in PBS/T and added to the ELISA plates and
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incubated for 45 min at 37°C. In order to recover IgA from feces,
samples collected daily from each mouse were frozen at —80°C. At
the end of every week 1 g from the pooled fecal samples was mixed
thoroughly with 500wl of PBS and centrifuged (4°C 6000 rpm
10min). The supernatant was serially diluted in PBST and added
to the ELISA plates which were incubated for 45 min at 37 °C. The
plates were washed three times in PBS/T and HRP goat anti-mouse
IgG (1/50,000 in PBST) (SIGMA) or HRP goat anti-mouse IgA anti-
bodies (1/10,000 in PBST) (SIGMA) were added to the ELISA plates.
Plates were incubated for 30 min at 37 °C and washed three times in
PBST. The wells added with 100 .l of citrate buffer containing 0.06%
(W/V) of O-phenylenediaminedihydrochloride (OPD) (SIGMA) and
0.06% (V/V) hydrogen peroxide were incubated at room tempera-
ture for 15 min. The reaction was stopped with 100 .l of 2 M H,SO4
and the OD4g; was read on a microplate reader (Bio-Rad).

2.8. Determination of serum IgG and fecal IgA antibody responses
to native E. coli 0157:H7 proteins

Specificity of the antibodies was determined by probing West-
ern blots and ELISA of heat-extracted whole-cell protein and
precipitation of secreted protein from EHEC O157:H7. In brief the
cultures were grown overnight in LB broth and subcultured (1:100)
into M9 minimal media supplemented with 44 mmol/l NaHCO3,
0.4% glucose, and 0.1% casamino acids (modified M9) and incu-
bated at 37 °C, 5% CO-, until the ODggg reached 0.7-0.8. For analysis
of antibodies against crude whole-cell extract proteins, cells were
harvested by centrifugation at 5000 rpm for 10 min, and resus-
pended in a 200 wl lysis buffer (Tris-base 10 mM pH:7). Secreted
proteins were precipitated from the supernatants by TCA-PFE
(10% trichloroacetic acid, 50 p.g/ml, phenylmethylsulfonyl fluoride,
0.5 pwmol/l EDTA, SIGMA) overnight at 4°C. Precipitated proteins
were centrifuged at 10,000 rpm for 30 min, washed with chilled
95% ethanol and recentrifuged and resuspended in lysis buffer.

For Western blotting the extracted proteins were resuspended
in sample buffer, boiled for 5min and electrophoresed on 10%
SDS-PAGE and transferred onto nitrocellulose membranes. Also
resolved proteins were coated in the plate for ELISA. The rEIT
antisera were used as the primary antibody at various dilutions.
HRP-conjugated goat anti-mouse IgG (1:50,000, SIGMA) antibody
was used as the secondary antibody and the colorimetric reaction
was visualized using substrate development buffer (Bio-Rad) [31].
Non-pathogenic E. coli and none immunized mice sera were used
as control.

2.9. Challenging the immunized mice

The mice were challenged two weeks after last immunization.
Prior to challenges, all groups were given drinking water contain-
ing streptomycin sulfate (5 mg/ml) to reduce the normal bacterial
flora of the gut [32]. Following one day of treatment with strep-
tomycin, mice were fasted overnight, and subsequently fed with
1019 colony forming units (CFU) of E. coli 0157:H7 (ATCC: 35218)
suspended in 100 pl of PBS. The animals were individually housed
and permitted to access to food and water and libitum. The fecal
samples from each mouse were collected at two days interval for
two weeks. E. coli0157:H7 fecal shedding was monitored by adding
approximately 0.1 g of feces to 1 ml of LB broth followed by incu-
bation at room temperature for 2-4 h to allow the fecal pellets to
soften. The mixture was then vortexed until the pellets were no
longer visible. Serial dilutions of the supernatant were plated onto
Sorbitol MacConkey agar plates containing cefiximine and tellu-
rite. Plates were incubated overnight at 37°C and E. coli 0157:H7
colonies were enumerated. Bacterial colonies were tested for the
0157 antigen by latex agglutination [23,33].

2.10. Binding inhibition assay and antibody treatment on
bacterial growth

Caco-2 cells were grown to confluence in a culture flask,
trypsinized and distributed onto a sterile round cover slip placed
on the bottom of a 24-well cell culture plate. EHEC cells in the
exponential growth phase were washed three times with PBS and
adjusted to an optical density of 0.5 at 600 nm. The bacterial sus-
pension (300 l) was pretreated with 150 pl of immunized mice
antisera for 20 min at room temperature. Non-immunized mice
antisera and Caco-2 cell line were used as negative controls. The
bacterial mixture was added to Caco-2 cells and incubated for
1h at room temperature. After three times washing with PBS,
the Caco-2 cells were fixed in 1ml of 100% methanol for 5min
at room temperature. The fixed cells were stained with Giemsa
staining solution (SIGMA) for 5 min and then destained twice with
1ml of PBS. The cover slips containing the Caco-2 cells bound
with EHEC 0157:H7 were examined under the invert microscope
at 1000x magnification. The number of EHEC 0157:H7 cells that
adhered to each Caco-2 cell was counted and the mean num-
ber of bacteria bound per cell was determined by examining
100 Caco-2 cells on each cover slip. The percentage of positive
cells with at least one adhering bacterial cell was also noted
[34].

To analyze the effect of antibody on bacterial growth the
ODggo of an overnight culture of E. coli 0157:H7 was measured
and adjusted to 1 with LB broth. The immunized mice antis-
era were diluted in LB broth to a final concentration of 1:250.
The serum from non-immunized mice served as negative con-
trol. The samples were incubated at 37°C with gentle shaking.
Aliquots of each sample (100 wl) was taken at O, 1, 2, 4 and
6h and spread onto Cefiximine tellurite Sorbitol MacConkey
agar. Plates were incubated at 37°C overnight and the colonies
were enumerated to determine the total CFU/ml of each sample.
Log 10 CFU/ml values were calculated from the mean of triplicate
samples from experiments and subjected to statistical analyses
[31].

2.11. Statistical analysis

The data in each figure was a representative of three indepen-
dent experiments expressed as the mean + standard deviation (SD).
All statistical analyses were performed using a SPSS 12.0 statistical
program. Student t-test was used to analyze the data for antibody
responses between immunized and non-immunized groups, t-test
was also applied to evaluate the significance of differences in inhi-
bition of EHEC binding to Caco-2 cells generated by test sera. Avalue
of p<0.05 was considered statistically significant.

3. Results
3.1. Construction and subcloning of the synthetic gene

Sequence comparison of the synthetic construct by ClustalW
showed high degree of conservation of the domains among differ-
ent strains of E. coli 0157:H7. The elicited structure was analyzed
by bioinformatic software described previously [28] (Fig. 1). The
synthetic gene was over expression in E. coli.

3.2. Expression and purification of recombinant protein

The synthetic eit gene was expressed in E. coli (BL21DE3),
with the N-terminal 6X-His-tag, in different conditions (Fig. 2A).
The expression of recombinant EIT protein was confirmed by
reaction with the anti-His-tag antibodies with Western blot-
ting (Fig. 2B). Purification of the recombinant EIT were carried
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Fig. 2. Expression, Western blot analysis and purification of recombinant EIT. (A) Optimization of recombinant EIT at 4, 6, 8, 10 h (lanes 3, 4, 5, 6) with 1 mM IPTG. Lane 1,
protein weight marker. Lane 2, uninduced E. coli BL21DE3/pET28a +eit gene as control. (B) Western blot analysis of rEIT using anti 6X-His-tag antibodies. Lane 1, protein
weight marker. Lane 2, rEIT. Lane 3, total protein of E. coli BL21DE3/pET28a without eit gene after induction as control. (C) Purification of recombinant EIT protein with
6X-His-tagged from pET28a. Lane 1, protein weight marker. Lane 2, flow-through. Lane 3, wash column with 40 mM imidazole, Lanes 4-6, purified protein after elution with

250 mM imidazole.

out under native condition and SDS-PAGE analysis revealed the
presence of 61.6 KD recombinant chimeric protein as a major
band in all the eluted fractions as shown in Fig. 2C. Protein
concentrations were estimated by the Bradford protein assay
and the average yield for recombinant EIT was 100mg/L cul-
ture.

3.3. Response to immunization with rEIT protein

Mice immunized subcutaneously with purified EIT protein
showed significant EIT-specific IgG antibodies (Fig. 3A). Compared
to control antisera the anti-EIT IgG antibody titer was clearly
detectable even at 1:512,000 dilution. However, no EIT-specific IgA
was detected in feces or serum following subcutaneous adminis-
tration (Fig. 3B).

3.4. Recognition of the native protein antigens

The antibody specificity of mice antisera was confirmed against
their native counterparts using whole bacterial cell and secreted
cellular protein obtained from E. coli 0157:H7 culture. Antibody
against rEIT effectively targeted proteins of corresponding molecu-
lar weights to Intimin and EspA from crude cell extract or secreted
Tir proteins from bacteria. There was no evidence of binding by
control mice antisera to any proteins resembling the immunogens
from E. coli 0157:H7 (Fig. 4A-C).
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3.5. Challenging of immunized mice with E. coli 0157:H7

In order to determine that the EIT-specific antibodies in immu-
nized mice serum could reduce or prevent the E. coli 0157:H7
shedding in feces, subcutaneously immunized and non-immunized
control mice were infected orally with 1010 CFU of E. coli 0157:H7.
Shedding of the organism was monitored in feces as described
above. Non-immunized control mice shed high levels of E. coli
0157:H7 (10® CFU) in their feces over the two-week sampling
period whereas shedding of immunized mice reduced gradually
and stopped completely after seven days (Fig. 5).

3.6. Binding inhibition of EHEC to Caco-2 cells and growth
inhibition of EHEC by anti-EIT antibody

Examination of Caco-2 cell monolayers revealed that EHEC
0157:H7 cells pretreated with serum from the non-immunized
mice were densely distributed on the Caco-2 cells. Almost all the
Caco-2 cells (97.2%) were observed to bind one or more bacteria
with a mean number of 14.5 bacteria per cell. In contrast, pretreat-
ment of the EHEC cells with immunized mice antisera remarkably
blocked their binding to Caco-2 cells. 49% of the Caco-2 cells were
found to attach the bacterial cells and mean number of 2.8 bacteria
per cell. Comparison of pretreatment of the bacteria with non-
immune antisera with that of serum obtained from an immunized
mice, showed that immunized mice antibody greatly decreased
their adhesion properties (Table 1).
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Fig. 3. EIT-specific serum IgG and fecal IgA following subcutaneous immunization. Mice were injected with recombinant rEIT using complete and incomplete Freund’s
adjuvants. Immunizations were performed four times within eight weeks. The sera were collected after second immunization and assessed for rEIT-specific IgG (Fig. 3A) and
IgA (Fig. 3B) by ELISA method. Non-immunized mice sera were used as control (p <0.05)
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Fig. 4. Recognition of native proteins from whole cells of E. coli 0157:H7. Serum specific EIT antibody was able to recognize native EspA, Intimin and Tir by ELISA and Western
blotting. (A) Elisa results for bacterial whole-cell extract (B) Elisa results for precipitated proteins from EHEC supernatant culture. Non-pathogenic E.coli (control 1) and
non-immunized mice sera (control 2) were used as control. (C) Western blot carried out with serum specific EIT antibody for identification of native EspA, Intimin in crude
whole-cell extracted proteins and Tir in precipitated proteins from modified M9 supernatant culture of EHEC 0157 H7. Lane 1, molecular weight marker. Lanes 2-4 was

treated with serum specific EIT antibody and non-immunized mice sera as control.
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Fig. 5. E. coli 0157:H7 shedding in feces following subcutaneous administration in
mice. Immunized and non-immunized mice were orally fed 10'° E. coli 0157:H7 and
shedding was monitored in the feces for two weeks. The error bar is standard devia-
tion and differences in outcome were assessed by t-test. Differences were considered
significant whenever p <0.05. The limit of detection for plating was 100 CFU/0.1g
feces. Data have been repeated in separate experiments (p <0.05).

It is predicted that the growth of EHEC cells treated with anti-
bodies having a bactericidal or bacteriostatic effect have to stop
or to decline when compared with the effect of negative control
antisera. Conversely, the growth curves of antibody-treated EHEC
cells were similar with their controls (p > 0.05), indicating that these

Table 1
Inhibition of E. coli 0157:H7 binding to Caco-2 cells.

antibodies did not have any direct influence on the growth of the
bacteria (data not shown).

4. Discussion

A number of EHEC vaccines have been evaluated in cattle and
have primarily focused on immunization with bacterial proteins
encoded by genes located within the locus of enterocyte efface-
ment (LEE) that are known to play key roles in EHEC colonization in
the bovine intestine [17,22,35]. Vaccination of cattle with secreted
fraction of EHEC O157:H7 significantly reduced EHEC infection rate
and considerably prevented its prevalence [23]. A vaccine derived
from a mutant tir gene was described as less efficacious than a
preparation from the wild type vaccine. These findings suggest that
disruption of interaction between Intimin and Tir could be fruitful
[23,26]. Finally immunization with a combination of recombinant
EspA, Intimin and Tir has been previously shown to be protective
against E. coli 0157 challenge [26]. Based on a trivalent recom-
binant, EIT was constructed containing a truncated form of espA
(lacking 36 amino acids from the N-terminal of the protein, desig-
nated EspA 120) which is exposed on the bacterial surface [15]. The
282 amino acids from the carboxy-terminal of Intimin have been
reported to be involved in binding to its receptor Tir [17,27]. The
region of Tir involved in the interaction with intimin has also been
mapped (residues 258-361, designated Tir 103) [18].

So we combined three fragments with linkers (EAAAK)?,
reported in our previous study [28].

In this study we demonstrated that a combination of chimeric
recombinant proteins designated EIT could protect the animal from
EHEC 0157:H7 colonization. In order to achieve an optimal induc-

Positive Caco-2 cells (%)?

Mean number adhesion®

Test sera
Non-immune mice sera 97.2 + 0.62
Immune mice sera 491+ 0.9

14.5 £ 0.55
2.8 +£0.05

2 The percentage of Caco-2 cells with at least one adhering EHEC 0157:H7 bacterial cell.

b The mean score of EHEC 0157:H7 cells bound per Caco-2 cell.

" Statistical significance (p <0.001) of difference in the binding inhibition was found in comparison with non-immune mice sera.
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tion and powerful response, we applied booster doses at least three
weeks after the first injection. The doses were gradually decreased
to enhance affinity and to fully activate the B cell immune cascade.
Finally fourth injection was intraperitoneal to activate clonal B cell
effectively [29,30]. Accordingly a significant difference in the anti-
body titer was observed between sera of the immunize mouse and
control groups (Fig. 3A and B). The reactivity of the same sera with
the wild type and non-pathogenic E. coli strain, showed that anti-
bodies against recombinant trivalent EIT are bound to native EspA
filaments or Intimin. In a whole-cell ELISA and Western blot exper-
iments, the low reactivity of immunized mice sera likely reflects
the low amount of surface exposed EspA and Intimin antigens. The
results from other studies have indicated that not all E. coli 0157:H7
bacteria in a given population express EspA filaments at any one
time under inducing conditions [36].

Roe et al. [36] demonstrated that Tir and EspA as type IlI secre-
tion factors are inconsistently expressed among the population
over time, implying that the TTSS is active at various points during
the colonization process. As the TTSS is the only known mechanism
for Tir secretion, hence we used Tir as an indicator of functional-
ity of the TTSS apparatus. In addition previous studies showed that
patients infected with EHEC exhibited high titers of anti-intimin
and anti-EspA antibodies, indicating immunogenic properties of
both proteins [37].

In this study we proposed that the agglutination or impairment
of biological function mediated by antibody against specific compo-
nents might have inhibited the growth of bacteria. The possibility
was considered using direct interaction between the pathogenic
factors and specific antibody. The present study showed that spe-
cific mouse chimeric antisera did not inhibit the growth of EHEC
0157:H7 (data not shown). Our data showed that immunization
with multicomponent EIT strongly protected mice from EHEC chal-
lenges and immunized mice did not shed E. coli 0157:H7 following
infection (Fig. 5). Moreover, attachment of EHEC on the epithelial
cell culture was effectively reduced with immunized mice com-
pared to the control groups (Table 1). Mucosal immunity, especially
the production of IgA antibodies, is thought to be important for
blocking the attachment of E. coli 0157:H7 to epithelial cells [38].
However, it has been demonstrated with Citrobacter rodentium that
secretory IgA is not necessary for preventing bacterial colonization
in mice using intimin as a vaccine antigen [38].

The data presented here also indicate that secretory IgA is not
absolutely necessary for the prevention of E. coli 0157:H7 col-
onization in mice. In animals immunized subcutaneously with
trivalent EIT vaccine, Tir, EspA, and Intimin-specific IgG were
elicited without any detectable antigen-specific IgA. There was
not bacteria colonization following experimental infection. How-
ever, it is likely that IgA antibodies are important in blocking the
interaction of TTSS with host cells when the antigens are deliv-
ered to mucosal surfaces. The lack of TTSS-specific IgA in feces can
be overcome by high Tir, EspA and Intimin-specific serum IgG or
systemic priming of the immune system, resulting in a response
following challenge. A recent report indicates that most IgG at
mucosal surfaces is derived from the serum [39], although there
is some evidence of active secretion via epithelial FcRn. Absorp-
tion of a bioactive Fc-fusion protein across the respiratory mouse
epithelium has been demonstrated. Thus, IgG, like dimeric IgA, can
cross-epithelial barriers by receptor-mediated transcytosis in adult
animals [40,41].

Presumably, transudation of systemic IgG antibodies was
responsible for this protection since adult mice were used in our
study.

The results presented here are in accordance with those
obtained previously in cattle and mice where the intramuscular
and subcutaneous routes were used for immunization with TTSS
[26,33].

Since the generation of Tir, EspA and Intimin-specific IgA in feces
isnot absolutely necessary to decrease colonization and shedding of
E. coli 0157:H7 in the mouse and cattle [26,33] models the current
strategy for developing a cattle vaccine to reduce E. coli 0157:H7
shedding appears to be feasible.

5. Conclusion

The present study is the first report showing that vaccination
with a trivalent immunogen containing EspA, Intimin and Tir is
an effective method to reduce shedding levels of E. coli 0157:H7
following oral challenge. This level of reduction with combination
of antigens can be used as a novel strategy for developing a vaccine
against E. coli 0157:H7 shedding. This could also be a new strategy
applicable to further researches in this field.
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