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— ABSTRACT

their role in causing colon and rectal tumors.

from March 2022 to December 2023.

~

Background. The importance of Escherichia coli bacteria is highlighted by being a pathogen and encoding
genes that produce toxins that contribute to the occurrence of tumors in colon and rectal cancer.
Aim of study. Molecular detection of the most important genes produced by Escherichia coli bacteria and

Methods. 80 different samples were collected from patients with colon and rectal cancer and were clinically
examined in the endoscopy unit inside Al-Sadr Teaching Hospital in Basra Governorate during the period

Results. Escherichia coli bacteria were isolated and diagnosed and were molecularly diagnosed by 16S

rRNA sequencing. As for the genes CIbA, CIbB, and CIbQ, they were diagnosed using special primers and
real-time PCR technology. CT values showed gene expression for all genes at high levels among infected
individuals and lower than in the group of healthy individuals and were not detected in the second group of

healthy individuals.

analysis confirmed these results.
N

Conclusion. The results revealed a frequency of Escherichia. coli in infected individuals, accompanied by an
increased expression of the virulence genes CblA, CIbB and CIbQ that encode colibactin. Real-time PCR

)
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INTRODUCTION

The most prevalent gastrointestinal cancer, colorec-
tal cancer (CRC), is a significant worldwide health issue.
After lung and breast cancer, colorectal cancer is the
third most frequent cancer diagnosed globally, CRCis a
common disease diagnosed in worldwide each year,
where only in 2020 claiming nearly one million lives [1-

3]. CRCisn't a single story, but rather a collection of nar-
ratives driven by diverse genetic changes. At the heart
of it all lie mutations in colon stem cells, affecting genes
like WNT, EGFR, TP53, and TGF-B that control growth
and repair. These mutations, acquired over years, grad-
ually transform healthy cells into cancerous ones. 1014
microbes colonize the muscularis mucosae, lamia pro-
pria, and epithelial cells that make up the human gut
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mucosa. These microorganisms are five times more nu-
merous than human cells. An essential part of the hu-
man stomach's microbial ecosystem are gut bacteria.
About 1000 types of commensal bacteria, the majority
of which are unknown species of anaerobic strains,
populate the stomach soon after birth [4].

Armed with a vast diversity of genes, microorgan-
isms inhabit nearly every area of the human body and
have the ability to interact, modify, or disrupt a wide
range of human genes, particularly in colonic cells. It's
interesting to note that the human microbiota encodes
around 100 times as many proteins as the human ge-
nome. Between 1000 to 1500 bacterial species make
up this microbiota, and each person's microbiome com-
position varies greatly [5]. E. coli is a broad category of
rod-shaped, facultatively anaerobic, Gram-negative
bacteria belonging to the Enterobacteriaceae family.

It is a part of the natural flora in the human gut and is
oxidase-negative. It develops on simple carbon sources
like glucose and acetate. Nevertheless, certain strains
are harmful [6,7]. Enteropathogenic E. coli (EPEC), en-
terohemorrhagic E. coli (EHEC), Shiga-toxin-producing
E. coli (STEC), enteroaggregative E. coli (EAEC), entero-
toxigenic E. coli (ETEC), and diffusely adherent E. coli
(DAEC) are the six pathotypes of intestinal pathogenic
E. coli that are traditionally separated based on their
pathogenicity profiles [8]. Based on phylogenetic study,
E. coli strains are categorized into the following primary
phylogenetic groups: A, B1, B2, and D. The majority of
pathogenic strains are classified as B2 and D, whereas
the majority of commensal strains are classified as A
[9].

Phylogenetic analysis is used to classify E. coli strains
into the main phylogenetic groupings (A, B1, B2, and D).
Phylotype A comprises the majority of commensal
strains, whereas phylotypes B2 and D comprise the ma-
jority of harmful strains. Such as genotoxins, which is
substances or substances that have the potential to
harm DNA or chromosomes, leading to mutations [10].
Colibactin is genotoxin a mix of hybrid compounds that
include a polyketide and a peptide, which is encoding
by pks island is A genomic island that is 54 kb long and
contains at least 19 genes, which this The CIbA-S gene
cluster contains polyketide synthases and nonriboso-
mal peptides along with additional auxiliary enzymes
[11].

Colibactin is detected by a group of genes involved
in the regulation and biosynthesis of colibactin, which
includes As a phosphopantetheinyl transferase-encod-
ed gene, CIbA is a significant gene cluster in colibactin
synthesis. It is primarily necessary for the production
and maturation of colibactin and is typically linked to
pathogenicity and cancer [12]. While the functional
role of the ClbQ gene has not yet been discovered, it is
believed that it plays a regulating function in the proce-
dure of colibactin production, while the ClbB gene plays
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a role in the process of regulating colibactin synthesis.
Colibactin which synthesized by bacteria colonizing the
human body in the form non-toxic precursor colibactin
begins as a harmless molecule called 19-precolibactin
inside bacteria.

This precursor is then transformed into the active
and toxic colibactin. An enzyme called CIbP plays a key
role in this activation by removing a specific chemical
group (Ndeacylation). Active and toxic colibactin has a
unique structure it electrophilic cyclopropane group,
which cause damage by alkylation DNA This involves
attaching chemical group Alkyl group directly to DNA
bases like adenine, leading to disruptions in cellular
processes such Cell cycle stop and double-strand DNA
breakage and megalocytosis, where Colibactin-induced
Mutations are linked to DNA damage and chromosomal
instability, and this lesions often seen in tumer [13-16].
Colibactin also affects the expression of uncontrolled
division and tumor growth are made possible by muta-
tions in DNA mismatch repair (MMR) proteins that im-
pair or interfere with their activity [17,18].

This study aim of Molecular detection of the most
important genes produced by Escherichia coli bacteria
and their role in causing colon and rectal tumors.

MATERIALS AND METHODS
Study of group

The study was conducted on suffering from prob-
lems in the digestive system, specifically in the intes-
tines and rectum, eighty samples from patients suffer-
ing from various infections were collected. Including
samples were divided into many groups, blood (n=30),
rectal swab (n=30) and stool for cDNA (n=20) during the
period from march 2022 to December 2023, where a
group of the patients went to the endoscopy unit at
Al-Sadr Teaching Hospital in Basra, where they were di-
agnosed with colorectal cancer through colonoscopy
examination and under the supervision of the specialist
doctor, and another group went to the Oncology and
Hematology Center in Basra, and a group went to the
Basra Center for Radiotherapy, where the last two
groups were diagnosed with the tumor in The patient
beforehand, and the study included the collection of
three different types of samples, namely a biopsy from
the area of tumor and blood, in addition to the stool.

Show all of these individuals symptoms and indica-
tors including modifications to bowel motions, bloating
and cramping weariness, unexplained weight loss,
bleeding in the stool, and stomach pain breathing diffi-
culties [19]. Direct interviews were used with each pa-
tient completing a questionnaire that included: name,
age, gender, address and smoking. It covers questions
related to epidemiological and clinical features and lab-
oratory investigations of patients.
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Inclusion criteria
Individuals who have been diagnosed with colorec-
tal cancer and who fulfill the diagnostic requirements.

Exclusion criteria

Individuals with intestinal infections at the moment.
Those who, in the two months before to enroliment,
had used antibiotics or microecological agents. Patients
who received adjuvant chemoradiotherapy before
sampling. People with long-term conditions like diabe-
tes, heart disease, and high blood pressure. Those who
refuse to participate in our study.

Blood specimens

The cover of the aerobic BACTEC bottle was re-
moved, and then the site was disinfected using 70% al-
cohol for a period of not less than 30 seconds using a
circular motion and allowed to dry completely in the air
for 1 minute. Then, using a syringe, the patient's blood
(10 ml) was withdrawn and placed in a BACTEC bottle,
and then the sample was mixed. Well and incubated for
7 days in the BD Bactec device, where the changes are
noticed. Enter the tube during the incubation period by
producing CO2, as it is evidence of the growth of patho-
logical bacteria, after which the sample is cultivated on
a blood plate.

Stool specimens for culture

Stool and rectal-swab samples are collected from
patient through a swab with media, where the sample
was collected through the anus, and it must be confir-
med that it contains stool, placed in the swab, and then
transported to the laboratory by means of a cool box.

Stool specimens for gen expression

The stool was collected in a sterile a container with
a dark color and an airtight lid, and a certain amount of
stool was placed inside the container and transferred as
soon as possible to the refrigerator and kept at a tem-
perature of four degrees until the process of converting
MRNA to cDNA was performed.

Isolation of bacterial

The positive samples for bacterial growth were
sub-cultured to get a pure colony, then cultured again
on. In order to maintain the broth culture, glycerol was
added to a final concentration of 20% and kept at -20°C
for 12 to 18 months after the bacterial isolate was inoc-
ulated into BHIB broth and incubated for 24 hours at
37°C.

Identification of Escherichia coli bacteria

Morphology of the bacteria colony

Bacterial Colony morphology: the expanding colo-
nies on MacConkey Agar Blood base agar and Nutrient
Agar was more easily recognized by looking at its mor-
phological features, Gram stain, and appearance under
a microscope [20,21].
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Using 16S rRNA for bacterial identification and
genomic DNA extraction

DNA has been extracted according to (Favorgen Kit).
As described in the user's manual, PCR was used to am-
plify universal bacterial DNA in order to identify the ge-
nome of the E. coliisolates. 16S rRNA primers for bacte-
ria E. coli 27F 5'- AGAGTTTGATCCTGGCTCAG-3' and
1492 R 5'- GGTTACCTTGTTACGACTT-3' [22]. Total vol-
ume of 25 pl were used for PCR amplification, F Primer
1 pl, R primer 1 ul, DNA template 3 pl, master mix
12.5ul, Band docter 2.5ul and Nuclease-free water 5 pl
were added in the Master Mix tube 25 pul. where the
initial denaturation temperature was 95°C for 5 min
with 1 cycle, 30 cycle of denaturation 95°C for 30 Sec.
Annealing 55°C for 30 Sec, extension 72°C for 1 min.
The final extension was carried out at 72°C for 5 min
with 1 cycle. Three pl of PCR product was loaded inside
the well and usually 3 pl of 1000 bp DNA ladder was
loaded inside the first well for comparing the size of the
amplified gene. The running was for 1 h at 70 volt then
the bands were detected under UV transilluminator
and photographed.

Sequencing of the 16S rRNA

Sample preparation: the 16S rRNA gene's unpurified
PCR products will be sent for purification and analysis.
Every sample tube was labeled with numbers that cor-
responded to excel files that 20ul of PCR product for
16S rRNA was sent to Macrogen in koria.

Gene Sequencing Data Analysis: after being cleaned
up and adjusted, the sequence products are copied and
pasted into the "BLAST" box, which has been loaded
from the http://blast.ncbi.nlm.nih.gov website. 46; E.
Coli bacteria names will show up right away along with
sequence percentages compared to gene bank data.

Gene expression of CIbA, CIbB and CIbQ gene

Total bacterial RNA extraction

RNA extraction was begin by weighing the quantity
(250g) of stool from the patient and the stool was
placed in a bead beating tube following an initial dilu-
tion with 500 microliters of phosphate-buffered saline
(PBS) per sample, the stool-containing tubes were
transferred to a chilled environment and vigorously
vortexed for 10 minutes each to achieve efficient cell
lysis. The extraction steps were then followed using the
kit manufactured by Promega Company Every extrac-
tion stage was carried out at -4°C. The Nanodrop spec-
trophotometer was used to measure the amount and
quality of RNA.

cDNA synthesis by Reverse Transcriptase Polymer-
ase Chain Reaction (RT-PCR)

Total RNA (300 ng) from each samples was trans-
formed into a cDNA using (TransScript® One-Step gDNA
Removal and cDNA Synthesis SuperMix). Since total 4 pl
RNA and 3ul nuclease free water, 1ul random primer



(0.1 pg/ pl), 10ul from 2xES reaction mix, 1ul Easy-
Script®RT/RI enzyme mix and 1 ul gDNA remover where
mix added to the cDNA master mix tubes that is mixed
well by mini vortex and placed in thermal cycler accord-
ing to program of cDNA synthesis by PCR, primer an-
nealing 25°C for10 min with cDNA synthesis 42°C for 15
min and Inactivation enzymes 85°C for 5 sec.

Real time-PCR

Real time-PCR was performed to estimate the
expression of toxins genes using the primers for ClbA
forward: AAGCCGTATCCTGCTCAAAA and reverse: GCT-
TCTTTGAGCGTCCACAT, ClbB forward: GATTTGGATACT-
GGCGATAACCG andreverse: CCATTTCCCGTTTGAGCA-
CAC,ClbQforward:GCACGATCGGACAGGTTAAT reverse:
TAGTCTCGGAGGGATCATGG [23]. SYPR green dye was
used to amplify every gene with use reagents used in
gPCR. A total volume of 20 ul, 10 pl 2x real-time PCR
smart mix, 1 pl forward primer, 1 pl reverse primer, 5 pl
templet cDNA, 3 pl nuclease free water with RT-PCR
program including, initial denaturation was 95 °C for 15
min with 1 cycle, 40 cycle of denaturation 95°C for 20
sec, annealing 60°C for 40 sec, extension 72°C for 30 sec.

2,000 bp
1,600 bp
1,200 bp
1,000 bp

500 bp
100 bp
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RESULTS

Isolation of bacteria

The 28 bacterial of E. coli isolates were extracted
from 80 (35%) samples of different sources.

16S rRNA gene amplification of bacterial isolates

Using agarose gel electrophoresis, the 16S rRNA of
28 bacterial isolates was detected; when compared to a
molecular DNA ladder, its location was roughly 1500
bp. (Figure 1 and Table 1).

Gene expression of ClbA, CIbB and CIbQ gene

The recent study's findings demonstrated the iden-
tification and detection of the most important genes
encoding toxins, where the real-time PCR technique by
using specific primers for gene expression and SYBR
Green dye were used, where the results showed a dif-
ference in the expression levels of these genes in most
samples through the values shown by Ct. Samples tak-
en from the group of patients with CRC showed high

FIGURE 1. Agarose gel electrophoresis (1.5%) showed a model of amplified 16S rRNA gene (1500bp).
Lane L: 100 bp Marker, Lane 1-19: 16S rRNA gene bands for bacterial isolates

TABLE 1. Bacteria Escheruchia coli, 16 S rRNA gene nucleotides sequencing, length sources and identity with GenBank strains

No. Bacteria . Identical to | Accession
. i Nucleotide sequence Source R
isolate | species strain number
28 E. coli | TGCAGTCGAACGGTAACAGCGCAACAGTTGCTGCTTCGCT- Stool & %99 LC834134
GACGAGTGGCGGACGGGTGAGTAATGTCTGG- Blood

GAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGG-
TACTAATACCGCATAACGTCGCAAGACCAAAGAGGGG-
GACCTTCGGGCCTCTTGCCATCGGATGTGCCCAGATGG-
GATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGG-
CGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACT-
GGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAG-
CAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGC-
CATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAG-
TACTTTCAGCGGGGAGGAAGGGAGTAAAGTTAATACCT-
TTGCTCATTGACGTTACCCGCAGAAGAAGCAC-
CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGG-
GTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACG-
CAGGCGGTTTGTTAAGTCAGATGTGAAATCCCCGGGCT-
CAACCTGGGAACTGCATCTGATACTGGCAAGCTT-
GAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGT-
GAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGG-
CGGCCCCCTGGACGAAGACTGACGCTAGGTGCG
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expression levels for genes, while there was a variation
in the control sample group's gene expression., where
half of the samples were expressed at lower levels than
the healthy group, and the second half of the control
group samples were not detected (Table 2).

TABLE 2. CT values for the genes selected in the study and for
the infected sample group and the control sample group

Estimating of expression level for CIbB gene

gPCR analysis revealed a high prevalence of the
ClbB gene in colorectal cancer (CRC) samples compared
to control groups. The gene was detected in 53% of CRC
samples, while the first control group showed a 50%
prevalence. The second control group exhibited no ClbB
gene expression. Quantitative analysis of Ct values indi-
cated significantly higher CIbB mRNA levels in CRC sam-

ples, suggesting a potential association with the disease
(Table 2).

Estimating of expression level for CIbQ gene

Ct value of | Ctvalue of | Ct value of
. . Ct value of
Gene infection control control .
Eubacteria
group CRC | groups1 groups 2
ClbA 25.784 32.874 ND 18.614
ClbB 21.407 28.390 ND 18.614
ClbQ 24.011 32.222 ND 18.614

gPCR analysis revealed a high prevalence of the

Estimating of expression level for CIbA gene

Quantitative real-time PCR (qPCR) was used to
measure the expression of the CIbA gene, which main
part gene that codes colibactin, in study samples. The
presence of the CIbA gene was detected in 61% of
colorectal cancer (CRC) samples, while it was found in
50% of the first control group and absent in 50% of the
second control group. Additionally, the CIbA gene was
expressed at a higher level in CRC samples compared to
the control groups, as indicated by lower Ct values (Ta-
ble 2).

Amplification Plot

1.700.000
1.600.000
1.500.000
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ARNn

ClbQ gene in colorectal cancer (CRC) samples compared
to control groups. The gene was detected in 53% of CRC
samples, while the first control group showed a 83%
prevalence. The second control group exhibited no
ClbQ gene expression. Quantitative analysis of Ct val-
ues indicated significantly higher ClbQ mRNA levels in
CRC samples, suggesting a potential association with
the disease (Table 2).

DISCUSSION

Escherichia coli, the most isolated bacterial species
in the study, belongs to the Enterobacteriaceae family,
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FIGURE 2. Amplification curve of CIbA gene
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FIGURE 3. Amplification curve of CIbB gene
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FIGURE 4. Amplification curve of CIbQ gene

infects the intestine and causes changes in it that can
eventually lead to cellular transformation. Thus, chron-
ic inflammation caused by E. coli during inflammatory
bowel disease makes the individual more susceptible to
colorectal cancer. E. coli produces several toxins such as
colibactin, which is a hybrid non-ribosomal-polyketide
peptide encoded by polyketide synthase (PKS) that can
induce the breakage of two strands of DNA, leading to
chromosomal aberrations, increasing the frequency of
genetic mutations, and capable of stimulating tumori-
genesis and contributing to the development of colon
cancer [24].

Molecular identification of ClbA, CIbB and ClbQ
genes

The present study used RNA sequencing to deter-
mine the presence of Escherichia coli in human patient
samples (Table 1). The results revealed a high preva-
lence of E. coli in infected individuals, accompanied by
high expression of the CblA, CIbB and ClbQ virulence
gene encoding colibactin. Real-time PCR analysis con-
firmed these results (Figures 2, 3 and 4).

To assess the association between expression of
CblA, CIbB and ClbQ genes and disease progression, pa-
tients were classified into three groups based on CT val-
ues (Table 2) infected individuals with high expression
of CblA, CIbB and ClIbQ genes showed high expression
of virulence genes, indicating a higher bacterial load
and a possible association with disease severity. Healthy
individuals with low expression of ClbA, CIbB and CIbQ
genes showed lower levels of expression of CblA, CIbB
and ClbQ genes compared to infected individuals, indi-
cating a less significant bacterial presence. The healthy
group of individuals with undetectable expression of
CblA, clbB and ClbQ genes. This group did not show any
detectable expression of the genes, indicating no E.coli
colonization or a very low bacterial burden. As the pres-
ent study showed, most E. coli bacteria in all samples
contained a polyketide synthase PKS island, and the re-
sults were confirmed by the gene expression of CIbB,

28 30 32 34 36 38 40

the main contributor to the expression of colobectin, in
addition to confirming our results by the presence of
CIbA located near the 5' end and ClbQ located at the 3'
end. So, pks island can play a role as carcinogenic risk
factor and could be used as a predictive biomarker for
cancer development. Because it causes DNA damage,
cell-cycle arrest, mutations, and chromosomal instabili-
ty, the so-called colibactin, a product of the genomic
island pks+, might be thought of as a predisposing fac-
tor for colorectal cancer. This is further confirmed by its
action in E. coli cells [25]. Colibactin is a bacterial toxin
encoded by pks pathogenicity island which is created by
the contribution of 19 genes, which are from the ClbA
- ClbS genes, where once the essential genes for coli-
bactin synthesis are present, Usually, environmental
stimuli or particular transcription factors inside the bac-
terial cell control their expression. Regulations govern-
ing the production of colibactin are triggered when
they detect suitable stimuli, such as metabolites pro-
duced by the host or modifications in the microenviron-
ment. This activation results in the strain's pks+ pheno-
type and the synthesis of colibactin [26], it is one of the
main virulence factors of extra-intestinal pathogenic E.
coli and which can act as genotoxic agent and/or can
modulatecellular differentiation, apoptosis, and prolif-
eration [27,28].

Colibactin which is synthetized by polyketide syn-
thases, non-ribosomal peptide synthases, and hybrid
enzymes encoded by a 54-kb genomic island pks [29]. It
act DNA double-strand breaking, chromosome aberra-
tions, and cell cycle arrest in the G2/M phase [30,31]. It
induces instability of chromosome and Broken DNA in
cells that are eukaryotic can lead to immunological and
epithelial cell senescence apoptosis [29]. Because coli-
bactin alkylates DNA, it can cause interstrand crosslinks
and double-strand breaks, which can lead to genetic in-
stability and mutations in important tumor suppressor
or oncogene genes. The development of CRC is facilitat-
ed by the accumulation of DNA damage, which also
helps normal colonic epithelial cells to develop into ma-
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lignant tumor cells [30,31].

In addition to starting carcinogenesis, colibactin-in-
duced DNA damage increases the frequency of mu-
tagenesis events and disrupts DNA repair systems,
which leads to genomic instability [30]. Where, the or-
ganoids' whole-genome sequencing (WGS) revealed
that exposure to colibactin produced two distinct mu-
tational signatures: an ID (ID18) with single A or T dele-
tions at poly (dA:dT) tracts known as ID-pks, and a
unique single-base substitution (SBS88) signature with
T>A and T>C mutations, specifically at ATA, ATT, and TTT
motifs [32].

CONCLUSION

These results provide essential basic data that will
contribute to understanding the facts of an important
part of the tumor formation chain by identifying the
pathogenic genes and the mechanisms involved in
causing molecular changes at the level of the infected
cell. The results revealed a frequency of E. coli in infect-
ed individuals, accompanied by an increased expres-
sion of the virulence genes CblA, ClbB and ClbQ that
encode colibactin. Real-time PCR analysis confirmed
these results.
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