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Abstract

Background: Escherichia coli (E. coli) is the most prevalent bacterial species in inflammatory bowel disease (IBD) patients stool, 
these isolates have been shown to differ from E. coli isolated from healthy individuals by owning many virulence factors including the 
production of toxins such as microcin B17 and coliba. Objective: The purpose of our study to demonstrate the prevalence of microcin 
B17 and colibactin genes in E. coli isolated from IBD patients stool in Karbala governorate hospitals. Materials and Methods: Sixty 
stool samples were collected from patients with IBD (30 from Crohn’s patients and 30 from ulcerative colitis) aged from 5 to 70 years 
old, of both sexes, who visited the Center of Digestive Tract and Liver Diseases in Karbala from August 2021 to September 2022. 
All patients were in active IBD, which is confirmed by testing fecal calprotectin production. Besides, 30 stool samples from healthy 
individuals were collected as control. E. coli was isolated from all samples and analyzed to detect the presence of toxin microcin B17 
gene (McbA) and colibactin gene (clbB) by polymerase chain reaction using amplification of these genes. Results: The result is high 
prevalence of microcin B17 gene in E. coli isolates in both Crohn’s (27 [90%]) and ulcerative colitis (25 [83%]) isolates, compared with 
fecal commensal E. coli from control (5 [16.6%]) isolates only. While the prevalence of colibactin gene less than the micricinB17 gene 
with 10 isolates only from all sixty patients of IBD. Fecal calprotectin was between 50 and 200 μg/mg for most patients, which mean 
they had active gastrointestinal inflammation, whereas in 14 of them, their results were more than 200 μg/mg, which mean they were in 
acute inflammation condition. Conclusion: microcinB17-producing E. coli may have a greater role in the pathogenesis of inflammatory 
bowel disease due to high prevalence of its gene in IBD patients.
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Introduction
Ulcerative colitis (UC) and Crohn’s disease (CD) are 
examples of inflammatory bowel diseases (IBDs) that 
relapse and remit, which are becoming more common and 
prevalent around the world. They are linked to significant 
mortality, decreased quality of life for those who suffer, 
and an increasing societal burden in both direct and 
indirect costs.[1] IBD is becoming more common around 
the world. IBD’s pathophysiology is unknown and has 
yet to be discovered.[2] Interactions between genetic, 
environmental, immunological, and microbial factors 
cause IBD.[2] Many bacteriological studies in IBD patient’s 
fecal microbiota have demonstrated that a diverse range 
of bacterial species, including Escherichia coli, is more 
common in the stool of these patients[3] The species E. coli, 

in addition to being an important member of the normal 
intestinal microflora of humans and other mammals, 
possesses many virulence factors that lead to a variety of 
diseases. E. coli virulence factors can influence a variety 
of eukaryotic cellular functions, such as cell signaling, ion 
secretion, protein synthesis, mitosis, cytoskeletal function, 
and mitochondrial function.[4] In the gut microbiota, these 
E. coli strains have become more prevalent over the past 
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30  years, incorporating the control of fitness/virulence 
variables into networks that react to certain environmental 
signals, such as siderophores, colibactin, and microcins.[5]

Microcins are bacterial-inhibitory molecules with a low 
molecular weight that are produced by ribosomes. They 
participate in competitive and mutualistic interactions 
with other Enterobacteriaceae in the intestine.[6] 
Bacteriocin determinants found frequently in E.  coli 
isolates from IBD patients could indicate that IBD E. coli 
strains are more virulent. Furthermore, promoters of the 
SOS response and iron-dependent ferric uptake regulator 
tightly regulate bacteriocin expression.[7]

Microcin B17 (43 amino acid) inhibitor DNA gyrase 
was discovered on a seven-gene operon encoding a 
69-amino acid precursor to microcin, McbA.[8] Microcin 
B17 is a class I microcin that has been posttranslationally 
modified, which causes cell death by destabilization of 
gyrase-dependent DNA cleavage.[9]

Microcin B17 was the initial compound derived from 
thiazole/oxazole-modified microcins and linear azole-
containing peptides. These ribosomal peptides are 
posttranslationally modified to form oxazole and thiazole 
rings from serine and cysteine residues.[10] Microbial 
oxazoles activate aryl hydrocarbon receptors, which cause 
intestinal inflammation.[11]

Colibactin, another secondary metabolite encoded by the 
pks gene island, is identified in many Enterobacteriaceae, 
including the pathogenic E. coli, and is typically found in 
the mucosa of patients with IBD and colorectal cancer 
(CRC). In cell lines and preclinical models, E.  coli 
containing this biosynthetic gene results in DNA damage 
and tumor progression.[12] CD and UC patients have a 
higher lifetime risk of developing CRC. Lakatos and 
Lakatos[13] suggest that colibactin-producing E. coli may 
have a greater role in the pathogenesis of colitis-associated 
CRC than sporadic disease in non-IBD patients because 
of higher levels of colibactin exposure.

Materials and Methods

Sample collection and Escherichia coli isolation
Sixty stool samples were obtained from patients with IBD 
aged 5–70  years old, of both sexes, from August 2021 to 
September 2022. Furthermore, information was obtained 

from them via a questionnaire paper, which included 
questions about their gender, age symptoms, and the effect 
of certain diet. In addition, 30 stool samples were taken from 
healthy individuals of various ages and sexes as controls. Fecal 
samples were delivered to the laboratory in sterile containers.

The specimens were first prepared by picking a small 
amount of stool (1 g) with a stick and diluting it with 
19 mL of normal slain, then streaking the diluted stool 
on MacConkey agar and incubating it for 24 h at 37°C. 
Lactose fermenting colonies were selected and recultured 
on eosin-methylene blue (EMB) to look for green metallic 
sheen colonies. Depending on Lupindu,[14] additional 
molecular identification by polymerase chain reaction 
(PCR) method was used to confirm the identity by using 
the amplification of 16s rRNA gene [Table 1].

Calprotectin detection
All patient samples were evaluated for calprotectin 
production using the Calprotectin (50 + 200 kit) (CerTest 
BIOTEC, Spain), which is divided into two parts:

1.	 Prepared and diluted the sample in a stool sample 
collection tube.

2.	 Calprotectin comb card test, which includes two strips 
(50 and 200).

Test result has been read later than 10min after adding 
the diluted stool sample to the strips, if  calprotectin 
concentration was <50 μg/mg, which mean neither active 
gastrointestinal inflammation nor risk of relapse (CD or 
UC) if  the result was between 50 and 200 μg/mg, which 
might mean active gastrointestinal inflammation and if  
the result was more than 200 μg/mg that indicate they had 
a cute inflammation.

DNA extraction
DNA was extracted from bacterial isolates by using 
extraction kit (Favorgen Biotech Corporation, Taiwan, 
China).

Polymerase chain reaction techniques
Series of PCR reactions were conducted to detect the 
genes of microcin B17 and colibactin by using the primers 
in Table 1, these primers were provided by Scientific 
Researcher Co, Iraq.

Table 1: Primers used in the study

Gene Primer sequence (5′-3′) Amplicon size (bp) Annealing temperature °C Ref. 
16S-rRNA F-CATGCCGCGTGTATGAAG AA 100 60 [15]

R–CGGGTAACGTCAATGAGCAAA

McbA F-TCCGCCTGCGGAATTAATGA 203 55 This study

R-TACTGATTGCCACCGTCCTG

clbB F-GCGCATCCTCAA GAGTAAATA 280 60 [15]

R-GCGCTCTATGCTCATCAACC
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Ethical approval
The research was carried out in accordance with the 
ethical principles outlined in the Helsinki Declaration. 
A  local Ethics Committee reviewed and approved the 
study protocol, according to the document with the 
number 3727 on the date September 28, 2021.

Results

Sample collection and Esherichia coli isolation
The identification of E.  coli isolates was performed 
by examining bacterial culture, microscopically 
characteristic, and PCR technique. The suspected 
colonies on MacConkey agar were pink in color (Lactose 
fermenter), the colonies had metallic sheen appearance 
on EMB agar. Microscopic examination of Gram stain 
isolates revealed Gram negative small bacilli.

Calprotectin detection
Fecal calprotectin results in Table 2 were between 50 and 
200 μg/mg for most patients, whereas 14 patients results 
were more than 200 μg/mg.

Polymerase chain reaction techniques
All E. coli isolates were confirmed by PCR technique by 
the amplification of 16S rRNA gene with product 100bp 
[Figure 1].

On the other hand, the amplification of  the toxin 
microcin B17 (McbA) gene for all E. coli isolates shows 
high prevalence in 27 (90%) isolates from Crohn’s 
patients and 25 (83%) isolates from UC compared with 
fecal commensal E.  coli in control (5 [16.6%]) only 
[Figure 2].

Table 2: Levels of calprotectin in Crohn’s disease and 
ulcerative colitis

Type of disease Concentrations of FC tests

>200 (μg/mg) 50-200 (μg/mg) 
CD 7 (23.3)% 23 (76.7)%

UC 5 (16.7)% 25 (83.3)%

Total 12 (20)% 48 (80)%

P-value = 0.374

Figure 2: Electrophoresis of 1% agarose gel stained with ethidium bromide of McbA amplified gene product (size 203 bp) using DNA template of 
E. coli isolates, 70 V for 1–2 h, DNA ladder (from 1200 to100 bp). (A) isolates from Crohn’s disease and (B) isolates from ulcerative colitis

Figure  1: Electrophoresis of 1% agarose gel stained with ethidium 
bromide of 16S rRNA amplified gene product (size 100 bp) using DNA 
template of E. coli isolates at 70 V for 1–2 h. DNA ladder (from 100 to 
1200 bp), all lanes show positive with single band 100 bp
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The results of amplification of colibactin in all E.  coli 
isolates were demonstrated in Table 3.

Discussion
A comparative genomic analysis of IBD E.  coli isolates 
revealed that these isolates represented a heterogeneous 
population that was more similar to extraintestinal 
pathogenic E.  coli than to the classic diarrheagenic 
pathotypes.[16] We found in our study high prevalence of 
microcin B17 gene in E. coli isolates from patients with IBD 
compared with the control; these findings correspond with 
Micenková et al.’s[17] study when he found that the frequency 
of bacteriocinogenic isolates was significantly higher 
in IBD E.  coli (66.9%) compared with fecal commensal 
E. coli isolates (54.2%), including a higher prevalence of 
the colicin B determinant.[17] Microcin genes found in high 
prevalence in extracellular E.  coli with compared with 
diarrhea-associated E.  coli and nonpathogenic E.  coli.[16] 
Iyer et al.[11] have been defined the oxazole class of aromatic 
organic compounds as a new source of both environmental 
and microbial gastrointestinal inflammation inducers in 
2018 that cause CD1d-dependent intestinal inflammation 
and are distinguished by the occurrence of a five-
membered oxazole ring, which modulates natural killer 
T cell-dependent inflammation.[11] Microcin B17 was the 
first compound found in the family of thiazole/oxazole 
modifications microcins and linear azole-containing 
peptides; these ribosomal peptides are posttranslationally 
altered to form oxazole and thiazole rings from serine and 
cysteine residues.[10]

The effect of microcin B17 not limited to the intestine 
cell only but can enhance the harmful effect of other 
pathogenic bacteria such as E.  coli O157:H7, which 
produces virulence factors such as the locus of enterocyte 
effacement, and Shiga toxins (Stx), which causes 
hemolytic uremic syndrome and hemolytic colitis (Stx). 
The activation of the bacterial SOS response, which is 
caused by microcin B17, is linked to the induction of the 
prophage and subsequent upregulation of Stx toxin.[18]

The prevalence of colibactin genes in E.  coli isolate in 
this study were less than many studies, the reason for 
these results is attributed to two important factors, the 
important one is the type of specimens, in this study, 
patient’s stool was used, whereas in a study by Arthur 
et al.,[19] intestinal mucosal biopsy samples were collected, 

and he has demonstrated a greater incidence of colibactin-
encoding E. coli in IBD patients (14/35 vs. 5/24 in healthy 
controls). The second one is the period of infection, the 
longer one, the greater exposure to bacteria producing 
this toxin. Accumulating evidence indicates that E.  coli 
producing colibactin may be affected by the inflammation 
environment, which is inducing the activity of genes 
toxin by increasing epithelial oxygenation, decreasing 
mucosal barrier integrity, or promoting bacterial biofilm 
formation.[20] Pathogenic E.  coli, which harboring 
colibactin gene, is frequently abundant in mucosal tissue 
taken from patients with CRC and IBD.[12] Furthermore, 
patients with IBD, such as CD and UC, have a higher 
lifetime risk of developing CRC. Due to higher levels of 
colibactin exposure, and years of chronic inflammation, 
cancer onset is up to 15–20 years earlier than in sporadic 
cases. These CRC incidence rates are consistent with 
cumulative probabilities of 2% after 10  years, 8% after 
20  years, and 18% after 30  years in IBD patients[21] 
Inflammation may promote E. coli carcinogenic activity 
(i.e., colibactin-induced DNA damage in intestinal cells) 
by promoting producing colibactin E.  coli proliferation, 
improving their adhesion to the mucosa, or/and boosting 
the expression of colibactin genes.[20]

Conclusion
E.  coli-producing toxins were found to be the most 
abundant bacteria in the stool of patients with IBD with 
a high prevalence of microcin B17 and low prevalence of 
colibactin, their role in the development of inflammation 
is not known yet and needs to be investigated.
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