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ABSTRACT 

 
Optionally cultured aerobic bacteria were isolated from the biopsy materials from the colorectal 

cancer patients (CCP). The species belonging was determined using MALDI-TOF mass spectrometry. 
Escherichia coli bacteria were the main representatives of patient microflora. 16 strains of E. coli were selected 
from normal and oncologically transformed epithelium to characterize a set of their plasmids. An antagonistic 
activity against E. coli K12 was found only in 3% of the strains. There is the difference in the profile of E. coli 
strain plasmid DNA, colonizing normal and oncologically transformed epithelium, both by size and by the 
number of plasmids and by assumed mobile genetic elements. Among the strains isolated from the patient, 
63% had a differing plasmid composition depending on the bacteria association with normal and malignant 
epithelium. At that no marker plasmid, a concomitant E. coli, colonizing only normal or only malignant 
epithelium was revealed. PCR analysis of plasmid DNA samples of the studied E. coli concerning the presence 
of lthB- and STa- genes encoding heat-labile and heat-stable enterotoxin, did not reveal their presence, which 
excludes the belonging of enterotoxigenic (ETEC) subgroup strains of E.coli. 
Keywords: Colorectal cancer, Escherichiacoli, plasmid, antagonistic activity, colicin, electrophoresis, 
toxigenicity. 
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INTRODUCTION 
 

E. coli bacteria are the main representatives of facultative anaerobes in a man. Only highly adapted E. 
coli clones are known, which acquired certain attributes of virulence, increasing the ability to adapt to new 
niches; at that they cause a wide spectrum of diseases. The carcinogenesis of colorectal cancer occurs over 
many years. At that it is proposed that intestinal microflora is adapted to the altered microenvironment and 
provides the shift in the normal balance of bacteria. It is known that intestinal group bacteria produce toxins - 
colicins which present a special form of quite a successful adaptation to the change of the ecological niche 
state. Colicins as well as other bacteriocins play an important role in the relationship of bacteria towards the 
development of bacterial community and the dynamics of its diversity [1,2,3]. These protein toxins catalyze the 
gap of ß-1,4 bonds between N-acetylglucosamine and N-acetylmuramic acid in the glycan layer of bacterial cell 
wall or inhibit the synthesis pf peptydoglycanamurein with the formation of spheroplasts and the subsequent 
lysis of the bacterial cell, which gives the advantage to colicin-synthesizing bacteria in a competitive struggle 
[12]. 

 
6 categories of pathogenic bacteria are well described among E. coli: enteropathogenic (EPEC), 

enterohaemorrhagic (EHEC), enterotoxigenic (ETEC), enteroaggregative (EAEC), enteroinvasive (EIEC) and 
diffuse adhesion (DAEC) ones. All these groups contain plasmids associated with virulence. Commensal 
bacteria may induce deletions, point mutations, or other changes in DNA, which contribute to the emergence 
of virulence or its level increase [4.5]. Despite the constantly growing number of well-known plasmid replicons, 
not all of them are related to virulence. Most of the plasmids, associated with E.coli virulence, belong to the F-
group of plasmids [4,5]. In addition to large associated virulence plasmids (over 60 thousand of nucleotide 
pairs), small virulence - associated plasmids are found (less than 10 thousands of nucleotide pairs) [5]. 
Enterobacteriaceae also contain small cryptic plasmids, whose function is still not completely defined [5]. 
 

In this regard, the studies conducted to detect the characteristics and enterobacterial plasmids and in 
particular, E. coli, with a view to the future improvement of diagnostic and therapeutic combat opportunities 
with intestinal diseases are quite valid and current. 
 

The objectives of this work were the identification of E.coli strains, producing colicin, the search for 
lthB and STa-genes encoding heat-labile and heat-stable enterotoxin and also the characteristics of E.coli strain 
plazmid profile, isolated from the biopsy samples of normal and transformed intestinal epithelium among the 
patients with colorectal cancer. 
 

MATERIALS AND METHODS 
 

Antagonist activity as an indicator of colicine presence. The studied cultures of E. coli were sown by 
lawn method on a nutrient medium in a Petri dish. The crops were incubated at 37 °C during the day. Then the 
studied cultures were transitioned in the form of a cut-out portion with agar on new petri dishes, where a 6-
hour broth culture of E.coli K12 was sown with the lawn in advance. The result was taken into account after 24 
hours of incubation at 37 °C along the growth inhibition zones of E.coli strain K12 around the studied cultures. 
The analysis of the strain plasmid profile. The bacterias in 15 ml of LB liquid medium were incubated for 16 
hours at 37 C and at forced aeration with 200 rpm. In order to isolate plasmids the kit 
GenJETPlasmidminiprepKit of the cat. №: K0503 (Fermentas) was used according to the manufacturer's 
instructions. We performed an electrophoretic analysis of obtained plasmid solutions in a 1% agarose gel 
within TBE buffer (pH 8.0) containing ethidium bromide, followed by the visualization of the results under 
ultraviolet transilluminator (λ = 310 nm). Dimensions of plasmid DNA was evaluated in comparison with 
standard DNA markers. 
 

PCR analysis of gene toxigenicity. We analyzed the samples of plasmid DNA concerning the studied E. 
coli samples on the presence of lthB- and STa- genes encoding thermolabile and thermostable enterotoxins. 
PCR was performed using the amplifier MJ MiniGradientThermalCycler (Bio-Rad, USA). The detection of PCR 
analysis results was performed by horizontal electrophoresis method in 2.5% agarose gel within TBE buffer (pH 
8.0) containing ethidium bromide. 
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Table 1: Oligonucleotide primers used in operation 
 

Item № 
 

Gene locus The name of oligonucleotide primers, their sequence and length (n.) 
PCR-product 

(p.n.) 
Reference 

1 lthB 
LT-f: 5/-ACGGCGTTACTATCCTCTC-3/ (19 n.) 

LT-r: 5/-TGGTCTCGGTCAGATATGTG-3/ (20 n.) 
273 [6] 

2 STa 
STa-1: 5/-GCTAATGTTGGCAATTTTTATTTCTGTA-3/ (28 n.) 

STa-2: 5/-AGGATTACAACAAAGTTCACAGCAGTAA-3/ (28 n.) 
190 [7] 

 
The statistical processing of results was performed using standard methods in Microsoft Excel 2007. 

 
RESULTS AND THEIR DISCUSSION 

 
 Among 32 examined strains of E. coli, isolated from the patients with CRC, an antagonistic activity 
against E.coli K12 was found only in one strain (3%); Perhaps it is this strain which can be colicinogenic [8,9]. 
 

 
 

Figure 1: E. coli strain isolated from the biopsy of the patient with colorectal cancer inhibits the growth of E. coli K12 
strain. 

 
Table 2: The number and an approximate size of E. coli plasmid DNA 
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It was shown that 41% of E. coli strains isolated from healthy people produce colicins [10]. In this 
study, there was a low content of colicinogenic E. coli among the patients with colorectal cancer. 
 

The size of E. coli plasmid strain, isolated from oncologically transformed epithelium and the 
epithelium, unaffected by tumor was determined electrophoretically. The summary data on the number and 
an approximate size of E. coli DNA plasmids, isolated from oncologically transformed epithelium and the 
epithelium, unaffected by tumor are presented in Table 2. 
 

Thus, the significant differences were revealed in the spectrum of E. coli plasmids, colonizing normal 
and oncologically transformed epithelium. 63% of the strains isolated from the same patient, but with 
different sections of the gut (normal and malignant epithelium) differed in plasmid preparations. At that a 
characteristic marker plasmid concomitant with E. coli, colonizing only normal or only malignant epithelium is 
not revealed. According to the literature data it is known that the size of plasmids must be at least 2000 n.p. 
[11]. DNA fragments with the number of less than 2000 n.p., encountered on electrophoregrams are probably 
the insertion sequences, which may have different numbers among E. coli: 768 n.p. (IS 1), 1327 n.p. (IS 2), 1258 
n.p. (IS 3), 1195 n.p. (IS 5), 1329 n.p. (IS 10), 1531 n.p. (IS 50) [12]. These fragments do not make the part of 
larger plasmids, as the technique of plasmid isolation protects the plasmid material from restriction 
[GeneJETPlasmidMiniprepKit]. 

 
The distribution of plasmid amount and anticipated mobile genetic elements by the rate of incidence 

among E. coli isolates, isolated from normal and malignant intestinal epithelium is shown in Table 3. 
 

Table 3: Is the distribution of plasmids and mobile genetic elements by the frequency of occurrence among E. coli 
isolates, isolated from normal and malignant intestinal epithelium. 

 

The range of plasmid and mobile 
genetic element amount 

Frequency of occurrence 

Normal 
epithelium 

Malignant epithelium 

> 20000 n.p. 37% 25% 

2000-20000 n.p. 93% 93% 

<2000 n.p. 6% 0% 

 
The distribution of plasmid amount and assumed mobile genetic elements by the frequency of E. coli 

isolate occurrence, from normal and malignant intestinal epithelium is shown on Figure 2. 
 

 
 

Figure 2: Distribution of plasmids and mobile genetic elements of E. coli isolates, isolated from normal and malignant 
intestinal epithelium by the frequency of occurrence. 

 
For the isolates isolated from normal epithelium, the incidence of major plasmids with the amount of 

more than 20000 n.p., capable of carrying toxigenicity and pathogenicity genes [13], and also colicins [14] 
made 37%, while this value for the isolates with malignant epithelium does not exceed 25%. The incidence of 
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plasmid occurrence isolated from normal and malignant epithelium with the amount of 2,000 - 20,000 n.p. 
made 93%. The estimated mobile genetic elements with the amount of less than 2000 n.p., isolated from 
isolates of unaffected intestine epithelium, occurred with the frequency equal to 6%, and did not occur in 
isolates of malignant epithelium. 
 

The data obtained by us indicate a significant difference in the profile of the plasmid isolates from 
normal and malignant epithelium. 
 

PCR analysis of plasmid DNA samples within the studied samples of E. coli and lthB- STa-genes 
encoding heat-labile and heat-stable enterotoxins, did not reveal their presence that excludes their belonging 
to enterotoxigenic (ETEC) E.coli subgroup (Fig. 3). 
 

 
 

Figure 3: Electrophoregram of plasmid PCR analysis result with LT-f + LT-f primers (E. coli lthB-locus gene amplification 
(heat labile enterotoxin)) and with STa-STa-1 + 2 primers (amplification of E. coli STa-gene locus (thermostable 

enterotoxin)) 

 
CONCLUSION 

 
Colicin-producing strains made only 3% of all E. coli strains, isolated from an oncologically 

transformed epithelium and the epithelium, unaffected by tumor. 
 
The plasmid DNA of examined E. coli did not reveal genetic determinants controlling toxigenic activity 

associated with heat-labile and heat stable enterotoxins. 
 

Plasmid profile of E. coli bacteria strains, isolated from normal and malignant intestine epithelium of 
the same patient differed in 63% of cases. 

 
SUMMARY 

 
Within this study low levels of colicinogenic E. coli among the patients with colorectal cancer were 

determined. The difference is in the spectra of E. coli plasmid strains, colonizing normal and oncologically 
transformed epithelium. Thus no characteristic marker plasmid of concomitant E. coli is detected, colonizing 
only normal or only malignant epithelium. Toxigenicity genes encoding thermostable and thermolabile 
enterotoxins in plasmid DNA of isolated strains were not detected. 
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