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ABSTRACT 

 In this study, (75) rectal swabs obtained from (75) patients with CRC were included for isolation coliform 

bacteria (E. coli). The results of isolation showed that all patients with CRC had bacteria in their stool samples. DNA 

was extracted from these bacteria for detection of MMR genes in their genome. PCR amplicons showed that all E. coli 

possessed MMR genes with include Muts, Mutl and MutH and there was no defect in any of these gene when these 

isolates taken from patients with CRC or from healthy individuals,  

KEYWORDS: MMR, Colorectal Cancer, Gene Related E. Coli 

 

Received: Apr 13, 2017; Accepted: May 03, 2017; Published: May 04, 2017; Paper Id.: TJPRC:IJMMRJUN20174 

INTRODUCTION  

Cancer can affect the colon or the rectum. Because cancer often affects both areas, it is frequently 

referred to as colorectal cancer. Anal cancer is an uncommon disease in which malignant cells are found in the 

anus. The anus is the opening at the end of the rectum (the end part of the large intestine) through which body 

waste passes [1]. Cancer of the inner part of the rectum (anal canal) is more likely to occur in women. Cancer in 

the outer part of the anus is more likely to occur in men [2].The exact cause of colorectal cancer is unknown; 

however at least eight different genes involved can cause the cancer in the large intestine [3]. The degree of 

similarity between sequences of three genes (Muts, MutH, MutL) of mismatch repair system in E. coli had been 

studded. Studies of DNA sequence homology provide useful information about the genetic relatedness of genes, 

gene products, and species [4]. E. coli is a gram-negative bacterium which is non-sporulation facultative anaerobe 

and an inhabitant of the intestines and faeces [5]. In the digestive tract, commensally E. coli strains are located in 

the large intestine, especially in the caecum and the colon. They reside in the mucus layer that covers the epithelial 

cells throughout the tract and are shed into the intestinal lumen with the degraded mucus component and excreted 

in the faces [6]. MMR is directed by the state of adenine methylation of GATC sequences. Since DNA adenine 

methylation occurs after replication, an unmethylated newly synthesized strand is temporarily paired with a fully 

methylated parental strand, which provides a strand discrimination signal for MMR in E. coli [7]. Initiation of 

MMR occurs via mismatch recognition and binding of a MutS homodimer followed by binding of a MutL 

homodimer. In E. coli MutL serves to couple mismatch recognition with downstream MMR events.Interactions 

between MutL, MutS, and ATP are believed to result in translocation of the MutS-MutL complex away from the 

mispair, leading to the activation of the MutH endonuclease [8]. After activation, MutH introduces a nick in the 

nascent strand of the nearest hemi-methylated GATC sequences. MutL helps to load DNA helicase II at the nicked 

GATC site and unwinds DNA from the nick toward and past the mismatch [9]. 
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PATIENTS AND METHODS  

A total of (75) clinical samples of rectal swab were collected from (75) patients suffering from colorectal cancer, 

were admitted to different hospitals, from different cities: Al-Hilla Hospital General Education, Digestive Center in 

Morgan City Medical, from Babylon, Al-Hussein General Hospital, from Sacramental Karbala, in addition to samples 

taken from private clinics during the period from (1/2014) to (3/2015). 

Control 

Seventy fife rectal swabs were taken from apparently healthy persons who apparently healthy included (75) 

persons with age range approximately matched to that of patients.  

Collection of Specimens 

The proper specimens collected for bacteriological analysis. Those specimens were collected in proper ways to 

avoid any possible contamination [10]. 

Rectal Swab 

 A sterile swab was inserted well into the anus and then placed in a cotton-plugged sterile tube for transport. The 

swab was inoculated on culture media and incubated aerobically at (37°C) for (24 hrs). 

DNA Extraction from Gram Negative Bacteria 

This method was made according to the genomic DNA purification Kit supplemented by the manufacturing 

company [Viogene, Taiwan]. 

Detection of MMR Genes in Escherichia Coli by PCR 

The main MMR genes were determined for all isolates by using targeting three genes, MutS, MutL, MutH. The 

PCR amplification mixture has been prepared according to the manufacturer's instructions. 

RESULTS AND DISCUSSIONS 

Patients 

This study involved (75) patients with positive colorectal cancer (CRC) in different site of colon, the samples 

were taking from rectal swabs. All patients with CRC were primarily diagnosed depending on symptoms such as (change 

in bowel habits, general abdominal discomfort, weight loss with no apparent cause and constant tiredness) then two main 

strategies had been used: fecal occult blood test (FOBT) and endoscopy as primary detection of CRC. These positive 

results had been followed by endoscopy for confirmation. The control group consisted of (75) healthy persons with no 

signs of disease and normal bowel activity, fecal occult blood test (FOBT) with negative result. 

Isolaton of Escherichia coli 

Seventy fife rectal swab were obtained from intestinal section of (75) patients with CRC and other (75) from 

clinically healthy peoples (according to the contents and the mucosa of their gastrointestinal tracts did not indicate any 

abnormalities) for isolate commensally E. coli in colon. These isolates have been identified by conventional tests and 

analyzed by PCR approach for detection the effective genes (MutL, MutH, MutS) of MMR system in presence or absence 

of colon cancer. Genetic study of commensal intestinal bacterial flora of human might be important to monitor the 
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processes of adaptation of intestinal bacteria to the host and its environment and to monitor the flow of bacterial strains 

between livestock production systems and the environment [11]. Parameters such as diversity and genetic analysis provide 

important information about individual intestinal E. coli populations and possible correlations to health, diseases, and 

disease treatment strategies [12]. 

Analysis of Mismatch Repair System in E. coli 

DNA mismatch repair enhancing genomic stability by correcting errors that have escaped from polymerase 

proofreading. One of the critical steps in mismatch repair is discriminate the new from the parental DNA strand as only the 

form needs repair [13]. In Escherichia coli, the latent endonuclease MutH carries out this function. However, most 

prokaryotes and all eukaryotes lack a MutH gene. MutL is a key component of this system witch mediates protein-protein 

interactions through mismatch recognition, strand discrimination, and strand removal [14]. As MutL homolog's bear this 

activity are found only in organisms rely on MutH-independent DNA mismatch repair system, this finding unveils yet 

other crucial function of the MutL protein at the strand discrimination step [15]. Furthermore, recent functional and 

structural work was aimed at characterize the multiple functions of MutL and discuss how the endonuclease activity of 

MutL is regulate by other repair factors [16]. 

Genes Related to Escherichia coli  

MutS 

The post-replicative Mismatch Repair System (MMR) of Escherichia coli involves MutS (Mutator S), MutL and 

MutH proteins, and acts to correct point mutations or small insertion/deletion loops produced during DNA replication [17]. 

MutS and MutL are involved in preventing recombination between partially homologous DNA sequences. The assembly of 

MMR is initiated by MutS, which recognizes and binds to mispaired nucleotides and allows further action of MutL and 

MutH to eliminate a portion of newly synthesized DNA strand containing the miss paired base [18]. Homologues of MutS 

have been found in many species including eukaryotes (MSH 1, 2, 3, 4, 5, and 6 proteins), archaea and bacteria, and 

together these proteins have been grouped into the MutS family. Although many of these proteins have similar activities to 

the E. coli MutS, there is significant diversity of function among the MutS family members. This diversity is even seen 

within species, where many species encode multiple MutS homologues with distinct functions [19]. In this study the results 

had been shown the gene is fully work in all (75) isolates through analysis of polymerization using the aforementioned 

primer at (130) base pair position Figure 1. 

MutS have been found in many species including eukaryotes (MSH 1, 2, 3, 4, 5, and 6 proteins), which 

Homologue of bacteria, and these proteins have been grouped into the MutS family with similar activities to the E. coli 

MutS, there is significant diversity of function among the MutS family members and within species, where many species 

encode multiple MutS homologues with distinct functions [20]. 

MutH  

This study has shown the gene is fully present in all (75) isolates through analysis of polymerization using the 

primer at (130) base pair position Figure 2. MutH, along with MutS and MutL, is essential for initiation of methyl-directed 

DNA mismatch repair for correct mistakes made during DNA replication in Escherichia coli [21]. MutH cleaves a new 

synthesize and unmethylated daughter strand 5' to the sequence d (GATC) in a hemi-methylated duplex. Activation of 

MutH requires the recognition of a DNA mismatch by MutS and MutL [22]. MutH have weak endonuclease activity that is 
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activated once bound to MutL. It nicks unmethylated DNA or hemimethylated DNA (one strand methylated) but does not 

nick fully methylated DNA. Thus MutH determines which strand contains the mismatch.MutH has no eukaryotic homolog 

[23]. 

MutL 

MutL was seen to be present in all (75) isolates through analysis of polymerization using the aforementioned 

primer at (130) base pair position Figure 3. MutL is a key component of MMR system that mediates protein-protein 

interactions during recognition of mismatch, discrimination, and strand removal [24]. Thus the primary function of MutL 

was coordinating sequential mismatch repair steps. However, most MutL homologs from organisms lacking MutH encode a 

conserved metal-binding motif associated with a weak endonuclease activity [25]. MutL homologs having this activity are 

found only in organismsrelying on MutH-independent DNA mismatch repair, this finding characterizing the multiple 

functions of MutL and the endonuclease activity of MutL which is regulated by other repair factors [26]. 

 

Figure 1: Agarose Gel Electrophoresis Showing the Muts Gene at (600) Bp PCR Product as a  
Result of Amplification of Different E. coli DNA Sample. L(1000) Bp Ladder 

 
Figure 2: Agarose Gel Electrophoresis Showing the Muth Gene at (130) Bp PCR Product as a  

Result of Amplification of Different E. coli DNA Sample. L (1000) Bp Ladder 

 

Figure 3: Agarose Gel Electrophoresis Showing The Mutl Gene at (200) Bp PCR Product as a  
Result of Amplification of Different E. coli DNA Sample. L (1000) Bp Ladder 
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CONCLUSIONS 

Cancer is commonly defined as the uncontrolled growth of abnormal cells that have accumulated enough DNA 

damage to be freed from the normal restraints of the cell cycle. The highly site-specific adherence of E. coli involves 

binding species-specific adhesions to the required cell surface receptors in colon. The role of species that colonize tumours 

could be causal, coincidental or potentially protective. Species of E. coli associated with colon cancer aetiology are 

diverse; however, the infections they cause share common characteristics. CRC appears that colonization by commensally 

E. coli may reduce the risk of cancer in some populations through presence the sequence homology in some genes of MMR 

system in them and human MMR genes. Molecular genetics and DNA mutational analyses give the major advances in risk 

assessment, and cancer prevention especially in detection of Lynch syndrome. It is strongly recommended that adults (50) 

years and older be screened for colorectal cancer. There is convincing evidence that screening with FOBT, flexible 

sigmoidoscopy, or colonoscopy reduces mortality from colorectal cancer in adults (50) to (75) years of age.  
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