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Abstract

Statement problem and Objective: One of the important complications in gastrointestinal infections or
Escherichia Coli 0157:H7 is bacterial hemorrhagic complications. Therefore, inhibiting bacterial binding is a
suitable strategy for preventing infection using tir and intimin genes. In this regard, the present study
investigates the effect of fecal microbiome on the expression of intimin and tir genes in E. coli 0157:H7.
Materials and Methods: Two standard and clinical samples were used. First, Escherichia Coli samples were
confirmed using 16S rRNA primers and used to investigate the genes involved in tir binding and PCR. Then,
standard and clinical Escherichia Coli bacteria were co-cultured with 10 bacterial suspensions obtained from
the feces of 10 healthy individuals in LB medium. After the steps of RNA extraction and cDNA synthesis, gene
expression was examined by the real-time PCR method.

Results: The expression level of tir genes was significantly reduced after interaction with the intestinal
microbiome obtained from the feces of healthy humans.

Conclusion: The presence and interaction of other intestinal flora bacteria probably affect preventing the
binding and pathogenicity of enterohaemorrhagic Escherichia Coli bacteria, thus it can be used for the
prevention and treatment of gastrointestinal infections.
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beta-glucuronide (MUG) (5). E. coli isolated from
anatomical sites except urine that have the above
features (and are also oxidase negative) are
confirmed as E. coli by a positive MUG test result.
The E. coli cell wall has an outer membrane in the
outer peptidoglycan layer (6).

Introduction

Escherichia Coli is a gram-negative bacilli of the
Enterobacteriaceae family that is commonly found
in the intestines of warm-blooded animals. Most
strains of Escherichia Coli are harmless, but some
serotypes, such as enterohemorrhagic, cause food
poisoning and diarrhea (1). These harmless strains
are part of the normal intestinal flora and even
play a role in the production of vitamin K2 and
prevent the establishment of pathogenic bacteria
in the intestine. This bacterium accounts for 1% of
the intestinal flora (2) and is transmitted from one
person to another through the fecal-oral route (3).

Symptoms of urinary tract infections caused by
Escherichia Coli are due to the presence of two
types of virulence: adhesins and toxins (e.g.,
hemolysin, tumor necrosis factor) (7). Pilli or
fimbriae are fine hairs 5 to 10 nm in diameter and
approximately 1 to 10 um long on the surface of
many gram-negative bacteria and some gram-
positive bacteria. Their number on the surface of
the bacterium ranges from 10 to 500 or more.
Fimbriae are shorter and thinner than flagella (8).

Escherichia Coli tests are positive for indole, lysine
decarboxylase, mannitol fermentation, and gas
production. E. coli isolated from urine can be

readily identified by features such as hemolysis on
blood agar, specific colony morphology (metallic
sheen on differential media such as EMB), and a
positive indole spot test (4). More than 90% of
isolated E. coli are beta-glucuronidase positive and
can utilize the substrate 4-methylumbelliferyl-
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Intimin is a pathogenicity (adhesion) factor in
Escherichia Coli strains EHCE (e.g., Escherichia Coli
0127:H6) and EHEC (e.g., Escherichia Coli
0157:H7). A type of protein associated with and
empty (A / E) that causes diarrhea with other viral
agents, such as Enteropathogenic and
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Enterohaemorrhagic. This pathogen is expressed
on the surface of bacterial cells, where it can bind
to the tir receptor. Tir, with more than 25 other
bacterial proteins, is secreted into the cytoplasm
of intestinal epithelial cells by the T3SS after
binding and removal of Escherichia Coli. By
entering the plasma membrane, tir is exposed to
surfaces and enzymatic binding within the
cytoplasm of the host cell (9). The structure of the
C-terminal domain has been solved and has a C-
type lectin structure (10). Intimin is a 94-kDa outer
membrane protein encoded by the eae gene.
Mutations in the eae gene result in loss of the
ability to form A / E lesions and are required for
full virulence in infected volunteers and animal
models. The N-terminal intimin domains resulting
from A / E lesions in pathogenic strains are highly
homologous to each other, and the invasive form
of Yersinia Pseudotuberculosis and Yersinia
enterocolitica belong to this group, whereas less
homology is observed in the C-terminal domains
(11).

Tir (receptor /Transferred intimin) is an important
component of Escherichia Coli EPEC and EHEC in
the attachment to cells located in the small
intestine. To aid in attachment, EPEC and EHEC
have actin-activated cell surface proteins that are
recognized by the secretion of virulence factors.
These factors are delivered directly to the cells
using the type 3 secretion system. One of the
pathogenic factors is the secreted receptor tir. tir
is a receptor protein encoded by the espE gene
and located in the pathogenic islet of the pancreas
(LEE/ Locus of enterocyte effacement). tir is
secreted into the host cell membrane and acts as
a receptor for intimin, which is found on the
surface of the bacteria. It functions by binding tir
to intimin, which allows the bacteria to bind to the
enterocyte surface (11).

Sablet et al. (2009) reported that fecal microbiota
inhibits the synthesis of enterohaemorrhagic
Shiga toxin by Escherichia Coli 0157:H7 (12).
MacPhee et al. (2012) examined the effect of
vaginal microbiota on the production of TSST1
toxin using the Real Time technique and the
demonstrated a decrease in gene expression (13).
Ephraim et al. (2013) in the United States
examined the effect of Lactobacillus rhamnosus
on the expression of Clostridium difficile toxin A
and B genes using the Real Time technique and
observed a decrease in the expression of the
genes of interest when the culture was prepared
from probiotics and pathogens at the same time
(14). Sashapour et al. (2014) evaluated the
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expression of the main recombinant factors EspA-
intimin from Escherichia Coli 0157:H7 in tobacco
plants to produce an oral vaccine. In this study, the
two-part structure of intimin and EspA was
selected as a suitable candidate for an effective
immunogen against EHEC (15). Amani et al. (2009)

studied the tir and intimin genes and stated that 452

by expressing the immunogenic parts of EspA,
intimin, and tir proteins in transgenic plants, it is
possible to immunize model animals orally and
stimulate the target's existing humoral 1gG and
mucosal IgA immunity (16).

Maleki et al. (2013) produced the EspA-intimin
dual protein from Escherichia Coli 0157:H7 in
tobacco (Nicotiana tobbacum Enterocyte) to
construct a gene construct containing the above-
mentioned factors (EspA-tir) and finally transfer it
into the target plant to produce an effective oral
vaccine against Escherichia Coli 0157:H7. After
bioinformatic studies, the two-part gene construct
and EspA-tir were linked to each other by a
peptide spacer linker, and their genes were
artificially constructed. By optimizing the codons
based on the tobacco plant, it was cloned under
the control of the CaMV35S promoter in a plant
expression vector. Subsequently, the tobacco
plant was transformed and regenerated. The
results showed that the relevant genes were
introduced and expressed in the target plant (17).
Abbasi et al. (2012) evaluated the pathogenicity of
adhesion of enteropathogenic Escherichia Coli
isolates -eaeA and -bfpA isolated from diarrheal
cases and healthy individuals. The toxB, paa, Ipf,
and iha genes were observed in 2.85, 4.28, 45.71,
and 21.42% of the isolates, respectively. The
results showed that there was no association
between toxB, paa, and Ipf with diarrhea, and the
association of iha with diarrhea was not
statistically significant (p = 0.11). Since the main
mechanism of pathogenicity of enteropathogenic
Escherichia Coli is binding and destruction,
enteropathogenic Escherichia Coli isolates (eaeA,
bfpA) were examined for other adhesion factors.
The result showed that the most common gene in
enteropathogenic Escherichia Coli isolates (-eaeA,
-bfpA) was the Ipf factor. Asghari et al. (2016)
examined pathotyping and prevalence of enteric
pathogenic Escherichia Coli in water samples
entering treatment plants in Tehran and reported
that water has a high potential for transmitting
pathogenic microorganisms. In this study, 10
strains had est and elt genes, 6 strains had eaeA
gene, 5 strains had bfpA gene, 4 strains had pCVD
and ipaH genes, 3 strains had VT1 and VT2 genes,
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and 1 strain had cnfl and cnf2 genes. They
concluded that using molecular methods based on
the primers designed in this study can be an
appropriate, rapid, and specific method for
identifying Escherichia Coli pathotypes. However,
research on the pathogenicity characteristics of
these isolates is necessary to discover the role of
these pathogens in diarrhea in Iranian children
(18).

According to the appearance of the clinical
symptoms, pathogenic Escherichia Coli are divided
into different groups: diarrheal Escherichia Coli,
urinary tract pathogenic Escherichia Coli,
meningitis, and septicemia Escherichia Coli (19).
Diarrheal Escherichia Coli are in turn divided into
six groups. Based on virulence characteristics,
pathogenic mechanisms, and clinical symptoms,
they are mostly assigned to specific serogroups
and serotypes. Enterohemorrhagic Escherichia
Coli (EHEC) is a subset of foodborne Shiga toxin-
producing E. coli (STEC) responsible for human
diseases ranging from watery diarrhea to severe
diseases such as hemorrhagic colitis (HC) and
hemolytic uremic syndrome (H).
Enterohemorrhagic Escherichia Coli (EHEC)
produces shikatoxin toxins, and these toxins cause
severe complications such as hemolytic uremic
syndrome (HUS). Although more than 400 EHEC
serotypes are known, numerous epidemiological
studies have shown that EHEC strains of serotype
0157:H7 are the main source of widespread
outbreaks and severe complications in
industrialized countries.

In 2011, STEC serotype 0104:H4 caused an
outbreak of foodborne illness. The outbreaks
began in Germany and affected sixteen countries,
causing HC, HUS, and death (20). E. coli 0104:H4
strains are distinct from STEC and EHEC strains and
have virulence characteristics similar to those of E.
coli (EAEC) (21). The emergence of this novel STEC
pathogen has complicated the nomenclature of E.
coli enteropathotypes, which are usually classified
based on virulence factors, mechanisms of
infection, interaction with enterocytes, tissue
tropism, symptoms, and syndromes. Key events in
the pathogenesis of EHEC in humans are
associated with the ability of EHEC strains to
adhere to intestinal epithelial cells and release
Shiga toxins (Stx), which are essential for virulence
(22, 23).

It is well documented in academic studies that
colonization by EHEC (i.e., serotype 0157:H7)
causes histopathological lesions called “attach and
eviscerate” lesions (AE lesions). These lesions are
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characterized by close adherence of the bacteria
to the cell, destruction of intestinal microvilli, and
formation of a basal structure (24). The factors
responsible for AE lesions are encoded by genes
located in the enterocyte effacement (LEE) locus.
LEE encodes (i) components of a type Ill secretion
system, (ii) the intimin adhesin encoded by the eae
gene, and (iii) the intimin receptor, tir, which the
pathogen inserts into the epithelial cells of the
intestinal mucosa and enables E. coli to adhere to
cells with characteristic AE lesions (24).
Transcription of LEE-related genes is extensively
regulated by distinct transcriptional regulators
such as Ler and specific environmental conditions
(temperature, pH, iron, ammonium, calcium,
bicarbonate, quorum sensing signaling, etc.) (25).
Another major pathogenic factor of EHEC is the
Shiga toxin Stx; when produced in the human
intestine by EHEC strains, the toxins translocate
across the intestinal epithelium, enter the
bloodstream, and then reach their target
endothelial cells, where they bind to
globutryasylceramide-3 (Gb3) receptors. The main
target organs of Stx are the kidneys and brain,
leading to severe lesions in these organs, such as
HUS (22).

Human EHEC infections, especially those
originating from groups 0157 and 026, occur
mainly through the consumption of contaminated
bovine food products such as undercooked meat
and unpasteurized  dairy  products  or
contaminated fruit and vegetable products (26).
Indeed, cow feces excreted in the environment
can lead to contamination of water, fruits, and
vegetables, mainly through manure spreading, as
well as EHEC proliferation in the herd. Human
infection through direct contact with ruminants or
pastured pastures has also been reported in
several studies (27). Since cattle are strongly
implicated in human EHEC infections, finding
strategies to limit EHEC transmission in cattle
would help to reduce all routes of human infection
by this pathogen. Therefore, providing knowledge
of the physiology of EHEC strains during their
residence in the bovine intestinal environment is
crucial for the implementation of new strategies.

One of the important complications in
gastrointestinal infections or Escherichia Coli
0157: H7 is bacterial hemorrhagic complications.
Therefore, inhibiting bacterial binding is a suitable
strategy for preventing infection using tir and
intimin genes. In this regard, the present study
investigates the effect of fecal microbiome on the
expression of intimin and tir genes in E. coli 0157:
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H7.
Materials and Methods

Two standard and clinical samples were used.
First, Escherichia Coli samples were confirmed
using 16S rRNA primers and subsequently were
used to investigate the genes involved in tir
binding and PCR. Then, standard and clinical
Escherichia Coli bacteria were co-cultured with 10
bacterial suspensions obtained from the feces of
10 healthy individuals in LB medium. After RNA
extraction and cDNA synthesis, gene expression
was examined by Real-time PCR.

Primers for tir and intimin genes were prepared
Ilyophilized from SinaClon (SinaGene) after
Blasting through the NCBI site for PCR reaction
(Table 1).

Table 1: Primers used for tir, tntimin genes

Gene| F/R Primer Prqduct
size
. F| GCAGAAGACGCTTCTCTGAATA
i R | GCAGAAGACGCTTCTCTGAATA  10°
| F| AAGCGACTGTTAGTGCGA 150
It e CATCACCACCGCTTGCTTTTE

Stool samples were collected from 10 individuals
with a vegetarian and a meat-based diet over the
past 10 days. The stools were fresh, and less than
6 hours had passed since their defecation. 1 to 5
grams of stool was dissolved in saline and passed
through a clean filter paper to remove residual
material. The stool suspension was then co-
cultured in BHT medium with a MocFarland
concentration of 0.25 with a McFarland
concentration of E.Coli 157:H7 suspension and
after treatment with the standard and clinical
strain of E.coli 0157 H:7, RNA was extracted from
the stool microbiome using a Sinagene kit (Product
Name: Sina Pure RNA (Bactria) and Catalog
Number: EX6031). Total RNA was isolated
according to the manufacturer's protocol, and
cDNA synthesis was conducted using the kit.

To ensure the accuracy of this process, the 16S
rRNA gene primers with the synthesized cDNA, a
PCR was used to ensure the correct formation of a
band in the desired region of synthesis (Table 2).

Table 2: Primers used for the 16S rRNA gene

Geng F/R Primer size)
168 Forward AGTTATCCCCCTCCATCAGG| bp
Reverse] TGCAAGTCGAACGGTAACAG 99
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Table 3: Steps and number of amplification cycles
for 16S rRNA gene

Stage Tempreture Time Cycles
Initial thermal 95 1 minute 1
shock
cDNA 20
L 95
unwinding seconds
Primer pairin 60 25 45
P 8 seconds
Primer 20
. 72
elongation seconds
Flnal' 72 1 minute 1
elongation
Maintenance 4 - -

By completing the PCR reaction, the products
were removed from the device and
electrophoresed to ensure cDNA synthesis
(Product Name: SinaClon First Strand cDNA
Synthesis Kit; Catalog Number: 5201), and finally,
the synthesized cDNAs were frozen at -20°C.

Results
Electrophoresis results for intimin and tir genes

By performing PCR and gel electrophoresis for the
tir and intimin genes, bands of these genes were
formed in bacteria at sizes of 105 pb and 180 pb,
respectively (Figure 1).

tir 105

tir 105

Figure 1: PCR products of the tir gene

M: molecular marker with a weight of 100 bp, well
number 1: standard bacterial gene with a weight
of approximately 105 bp; well number 2: clinical
bacterial gene with a weight of approximately 105
bp; CN: negative control sample with a weight of
104 bp; CP: positive control sample with a weight
of 105 bp.

fgimin 108

\ntimin 108

Lackes 50

Figure 2: Agarose electrophoresis image of the
intimin gene product after PCR
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M: molecular marker with a weight of 50 bp, well
number 1: standard bacterial gene with a weight
of approximately 180 bp; well number 2: clinical
bacterial gene with a weight of approximately 180
bp; CN: negative control sample with a weight of
180 bp; CP: positive control sample with a weight
of 180 bp.

Figure 3: Gel electrophoresis image of SrRNA16
product after cDNA synthesis

M: Molecular marker with a weight of 100 bp, well
number 1: cDNA from a standard bacterial gene
with a weight of approximately 99 bp; well
number 2: cDNA from a clinical bacterial gene with
a weight of approximately 99 bp; CP: Positive
control sample with a weight of 99 bp.

Real-time PCR results

The expression of tir and intimin genes was
examined after treatment and co-culture with
feces by real-time PCR. The expression of the
genes decreased after interaction with the fecal
microbiome (Figures 4 and 5).

-
-
- e

Figure 4: Amplification of the tir and intimin genes
was conducted in real-time PCR
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Ml Corve

Figure 5: Melting curve of tir, intimin, and Real
time PCR sample

Report of relative expression of the tir gene under
treatment with fecal co-culture

Report of relative expression of the tir gene under
treatment with fecal co-culture derived from
bacteria demonstrated that the tir gene
expression was significantly reduced under fecal
co-culture treatment (P<0.05) (Figure 6).

Figure 6: tir gene expression under fecal co-culture
treatment

Reporting relative intimin gene expression under
fecal co-culture treatment

Reporting relative intimin gene expression under
fecal co-culture treatment with bacterial fecal
microbiome demonstrated that intimin gene
expression was significantly reduced under fecal
co-culture treatment (P<0.05) (Figure 7). Thus, it
can be concluded that fecal co-culture bacteria
reduce the binding of the intimin gene to the
intestinal wall.

..
Figure 7: Intimin gene expression with fecal co-
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culture treatment
Discussion

In this study, Metabolic and respiratory pathways
potentially utilized by the EHEC reference strain
EDL933 in the contents of different bovine
gastrointestinal tracts were investigated and
compared. Subsequently, RNA-seq expression
profiles were analyzed to predict (i) the response
of EHEC to potential adverse conditions
encountered during its transit along the bovine
intestinal tract and (ii) adaptive factors favoring
colonization and survival of EHEC in the bovine
GIT. Finally, gPCR quantification of gene
expression was conducted. In addition, pH, SCFA,
and metal ion concentrations were measured in
the bovine GIT contents used for EHEC growth.

Medellin et al. (2007) investigated the effect of
probiotics on the expression of pathogenicity-
related genes in E. coli 0157:H7 and reported that
the secreted compounds were unable to inhibit
Stx production in E. coli 0157:H7, which suggests
that E. coli 0157:H7 uses an independent system
to regulate Stx production and QS may not be
directly involved in Stx production (28). In the
study by Thevenot et al. (2015), for the first time,
stx gene expression was investigated in the human
colonic environment: at 9 and 12 hours after E. coli
0157:H7 infection, probiotic treatment
significantly reduced the level of stx mRNA (29).
Carey et al. (2008) investigated the effect of
probiotics on stx2 gene expression in Escherichia
Coli  0157:H7. The results demonstrated a
decrease in stx2 gene expression (30). Kim et al.
(2006) studied the effect of Lactobacillus
acidophilus cell lysate extract on the cytotoxic
activity of stx2 and found that the studied
probiotic bacteria could attenuate the stx2 toxin
(31). Ogawa et al. (2000) in Japan investigated the
effect of probiotics on the pathogenic bacterium
Escherichia Coli producing Shiga toxin in a rabbit
animal model and reported that probiotic bacteria
reduced the concentration of stx1 and stx2 toxins
and histological damage in the intestinal mucosa
(32).

Nowadays, by increasing in diseases and the
emergence of antibiotic-resistant strains of
bacteria, researchers are looking for new methods
and ways to find beneficial microorganisms to
treat and control diseases. In this regard, the
present study aimed to investigate the effects of
fecal microbiome co-culture on the expression of
virulence genes intimin and tir and their inhibition
based on the anti-binding mechanism.
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EHEC includes more than 100 serotypes that
produce Shiga toxins and Shiga-like toxins (Shiga
toxin-producing E. coli [STEC]; also known as
verotoxin-producing E. coli [VTEC]). However, only
a few serotypes are associated with human
diseases.

E. coli 0157:H7 and other STECs have a bovine
reservoir. Infections can be transmitted through
food or water contaminated with cow manure,
such as outbreaks that usually occur after
consuming undercooked meat (especially ground
meat, such as hamburger) or unpasteurized milk.
In the 2011 European outbreak of 0104:H4,
infection was transmitted through contaminated
raw bean sprouts. The organism can also be
transmitted by the fecal-oral route, particularly
among infants in diapers (for example, through
inadequately chlorinated children's swimming
pools).

E. coli 0157:H7 is the most common strain of STEC
in North America. Non-0157 STEC serotypes
(particularly 026, 045, 091, 0103, 0111, 0113,
0121, 0128, and 0145) can also cause
enterohaemorrhagic disease, especially outside
the United States. In 2011, serotype 0104:H4
caused a significant multinational outbreak in
Europe.

After ingestion, E. coli 0157:H7 and similar STEC
serotypes produce large amounts of various toxins
in the large intestine. These toxins are closely
related to the potent cytotoxins produced by
Shigella dysenteriae type 1. The toxins appear to
directly damage mucosal cells and vascular
endothelial cells in the intestinal wall. After
absorption, the toxin affects other vascular
endothelia (e.g., the kidney).

E. coli 0157:H7 and other STEC infections must be
differentiated from other infectious diarrheal
diseases by isolating the pathogen from stool
culture. The culture of EHEC infections requires
special media. Identification of the specific
serotype contributes to determine the origin of
the outbreak. The physician often must request a
laboratory to perform a specific test to identify
this pathogen.

EHEC infection begins acutely with severe
abdominal cramps and watery diarrhea that can
become macroscopically bloody within 24 hours.
Some patients with this infection describe their
diarrhea as “only bloody with no stool,” a
condition referred to as hemorrhagic colitis. Fever
is usually absent or mild, sometimes reaching
39°C. In uncomplicated infections, diarrhea can
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last 1 to 8 days.

Initial treatment for EHEC infection is primarily
supportive. Although E. coli is susceptible to most
common antibiotics, antibiotics are not an
appropriate option to relieve symptoms, reduce
the pathogenic carrier state, or prevent hemolytic-
uremic  syndrome. Fluoroquinolones  are
suspected of releasing enterotoxins and increasing
the risk of hemolytic-uremic syndrome (33).

Ulcerative colitis (UC) and Crohn's disease (CD) are
two forms of inflammatory bowel disease (IBD).
IBD is an autoimmune disease that affects the
intestines because the body's immune system
mistakenly attacks healthy cells, tissues, and
organs. Fecal transplantation may increase the
proportion of individual with active UC who
achieve disease control, defined as clinical
remission (disease control based on clinical
symptoms) and endoscopic remission (disease
control based on endoscopic findings), and may
have little to no effect on the rate of any adverse
events (unwanted events that cause harm to the
person). The evidence regarding the risk of serious
adverse events and improvement in quality of life
is very uncertain for using fecal transplantation to
control active UC, as well as to induce remission in
individuals with active CD, and to maintain
remission in individuals with UC or CD. Fecal
transplantation is an evolving treatment, and
further studies are needed to assess its benefits
and risks in adults and children with active UC or
CD, as well as its potential use for long-term
control of UC and CD.

Conclusion

Fecal co-culture can inhibit the function of splicing
genes and thus the linkage of the uropathogen
Escherichia Coli to the intestinal cell wall.
Therefore, it can be concluded that the use of fecal
co-culture for the prevention and treatment of
bacterial infections, such as bloody diarrhea
caused by EHEC species, can be a suitable solution
to prevent diseases caused by pathogenic
bacteria.

We recommend that the effect of co-culture of
fecal microbiome with a specific diet on other
pathogenic factors of E.Coli 0157 H:7 bacteria and
the effect of different sugar concentrations on the
expression of virulence genes of E. coli 0157 H:7
be investigated in future research.
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