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INTRODUCTION  
 Escherichia coli is a common inhabitant of the 
gastrointestinal tract of humans and animals. Some of E. 
coli strains are harmless commensals of the intestinal 
tract and others are major pathogens of humans and 
animals. The pathogenic E. coli is divided into strains 
causing disease inside the intestinal tract and others 
capable of infection at extra 342 intestinal sites [1]. 
Bacteriocin production is an important characteristic of 
E. coli and several related species in the enterobacter-
iaceae family, within the genus Escherichia, bacteriocin 

 
 
 
 

 
 
 
 

production is almost exclusively associated with strains 
of E. coli [2]. Bacteriocins may serve as anticompetitors, 
enabling the invasion of a strain into an established 
microbial community [3,4]. They may also prevent the 
invasion of other strains or species into an occupied 
niche or limit the advance of neighboring cells [5]. 
The colicins are protein compounds produced by, and 
active against, E. coli and others members of 
enterobacteriaceae family. At least 34 different colicins 
have been described and found to share an interesting  
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number of features [6]. Colicins are class of antimicrobial 
compounds produced by bacteria, are thought to be 
important mediators of intra- and interspecific 
interactions, and are a significant factor in maintaining 
microbial diversity [7]. Colicins are plasmid-encoded 3-
domain antibacterial proteins that are produced during 
times of stress by and active against E. coli and closely 
related bacteria [8]. Their toxic activities are of various 
types; some colicins form ion channels in the 
cytoplasmic membrane of sensitive cells, while others 
act as nucleases that degrade DNA or 16s RNA in the 
cytoplasm, and one, colicin M, inhibits the biosynthesis 
of murein [9]. Colicins are not active against more 
distantly related strains because these strains lack the 
receptor and/or translocation system for uptake of the 
colicins [10]. The aim of this study was to determine the 
colicin production by E coli strain isolated from different 
sources and detect the genes of it by PCR.                                                                                              

MATERIALS AND METHODS 
Specimen's collections  
One hundred and five specimens included: urine, stool, 
ear swab and sewage, were collected in sterilized 
containers from five hospitals in Baghdad, Al-Imam Ali 
hospital, Ibn Al-baladi hospital, Fatema Al-Zahraa 
hospital and Al-sader hospital. The study was conducted 
following approval from the scientific and academic 
committee in Department of Biology/ College of Science 
/University of Baghdad. 

Isolation and identification  
In the laboratory within aseptic conditions, the collected 
specimens were streaked directly on MacConkey agar 
and Eosin methylene blue EMB agar  (Himedia/India ) 
and incubated for 24 h at 37ºC. Pink colonies were 
picked and re-cultured on another MacConkey and EMB 
gar. Further identification tests included the morphol-
ogical characteristics and biochemical tests were carried 
out depending on Forbes et al. [11]. Finally API E20 
system was done. 

Screening of colicinogenic E. coli by Cup 
assay methods  
Method of Al-Qassab ana Al-Qafagi [12] was followed 
for screening colicinogenic isolates. Loopful from an 
overnight LB broth culture of each producer isolates is 
heavely streaked on brain heart infusion agar (BHI) and 
incubated at 37C for 18 hs. Wells were made by using 
cork porer 8 mm diameter. Suspension of indicator 
isolate were spread on the surface of muller hinton agar 
then left to dry at 37 oC for 10 min and double plates 
were made for each isolate. Discs removed from Brain 
heart infusion (B.H.I) agar medium were sticked gently 
on the surface of Muller hinton medium spread by the 
sensitive isolate then incubated at 37 oC for overnight. 
Sensitivity was detected by measured the zone of 
inhibition. The sensitive strain was procured from 
College of Science, Al-Mustansiriya University.   

Plasmid extraction of E. coli  
In this study, 30 isolates of E. coli were selected for 
detection colicin (E1, E3, E9 and M) genes, 30 isolates 
were colicin producers and 1 isolate was not producer 
that used as a control. Plasmid DNA was extracted from 
these isolates by using commercial Accuprep® PCR 
plasmid mini extraction kit (Bioneer,Korea) and then 
DNA concentration and purity were determined by using 
Nano-drop system. 

PCR amplification 
The sequence of four specific pairs primers were used 
according to previous studies [13,14]. PCR reaction was 
used to detect bacteria those posses colicin genes 
(Table 1). The PCR reactions were done in 25 μl volume 
and comprised 12.5 μl of green master mix (Promega, 
USA), 1 μl of each primer (10 Pmol) and 2 μl DNA 
template. Deionized distilled water was used to bring the 
final reaction volume to 25 μl. The thermocycler cycling 
conditions were 1 cycle of denaturation at 94 oC for 2 
min, annealing for 1 min, elongation at 72 oC for 1 min 
then 30 cycles of denaturation at 94 oC for 1 min. The 
PCR reaction products were stored at -20 C or 
immediately separated on 2% agarose gels.                     

RESULT AND DISCUSSION  
Detection the colicinogenic isolate  
Locally isolates E. coli were screened in order to select 
the efficient isolates in colicin production. The ability of 
these isolates in colicin production was assayed after 
culturing at 37 oC in BHI agar, then wells were made on 
this agar and put on Muller hinton agar that contained 
the sensitive strain. The antagonistic effect against the 
sensitive strain was detected by measuring the inhibition 
zone according to cup assay method (Fig. 1).                        

 
Fig 1. Cup assay method for detection coliciongenic E. coli. 
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Table 1. Primers used for colicin detection.   
Bacteriocin type Primer na  Sequence  5'                                   3' Length  References 

E1 Col E1 TGTGGCATCGGGCGAGAATA 

CTGCTTCCTGAAAAGCCTTTT 

650 Gordon D.M. and O 

Brien C.L.,2006) 

E3 Col E3 TAAGCAGGCTGCATTTGATG 

TCGGATCTGGACCTTTCAAC 

413 Smajs,D.et al.,2010 

E9 Col E9 TAAGCAGGCTGCATTTGATG 
GACTTTTCTCCCTCCGACCT 

 

418 

 

Smajs,D.et al.,2010 

M Col M GCTTACCACTTCGCAAAACC 

GAGCGACTCTCCGATAATGC 

429 Smajs,D.et al.,2010 

Results indicated in table 2 showed that 30 isolates 
(54.54%) from 55 isolates were colicin producers 
according to inhibition zone against the sensitive 
strain. Diameters of inhibition zone ranged from 12 to 
40 mm. Local study by Al-sa'edi, [15] reported that 

30.55% from isolates were colicin producers, while 
others not, that is why the study was not agreed with 
the present study. However, Tishvarian, [16] in other 
local study showed that 70.83% from E. coli isolates 
were colicinogenic producer and this result was higher 
than the present study. 

Table 2. Frequency of colicinogenic isolates depending on diameter of inhibition zone against sensitive strain of E. coli.  

Id E. coli 
isolates 

Diameter 
 of inhibition zone 

Id E.coli 
isolates 

Diameter of 
inhibition zone 

Id E.coli 
isolates 

Diameter of 
inhibition 

zone 

1 E 1 25 mm 20 E 57 12 mm  38 E 83 12 mm 

2 E 2 17 mm 21 E 58 15 mm  39 E 84 _ 

3 E 3 _ 22 E 60 _ 40 E 85 15 mm 

4 E 5 _ 23 E 62 15 mm  41 E 87 33 mm 

5 E 8 _ 24 E 63 _ 42 E 88 35 mm 

6 E 9 _ 25 E 64 40 mm 43 E 89 20 mm 

7 E 12 20 mm 26 E 65 _ 44 E 90 _ 

8 E 13 15 mm 27 E 66 12 mm 45 E 91 _ 

9 E 20 17 mm 28 E 67 45 mm 46 E 92 _ 

10 E 23 _ 29 E 69 _ 47 E 93 15 mm 

11 E 27 20 mm 30 E 70 _ 48 E 94 _ 

12 E 35 _ 31 E 71 15 mm 49 E 95 _ 

13 E 37 _ 32 E 72 15 mm 50 E 96 15 mm 

14 E 51 12 mm 33 E 74 _ 51 E 97 15 mm 

15 E 52 12 mm 34 E 75 42 mm 52 E 98 _ 

16 E 53 _ 35 E 79 _ 53 E 99 17 mm 

17 E 54 13 mm 36 E 80 15 mm 54 E102 _ 

18 E 55 15 mm 37 E 82 _ 55 E103 35 mm 

19 E 56 _ 

 
Feldgarden and Rily, [17] demonstrated that most E. coli 
are resistant to most colicins. On average, 93% of the 
isolates were resistant to all colicin types, and 33% were 
multiply resistant to all the colicins tested. James et al. 
[18] reported that approximately 30 % of the natural 
population of E. coli produced colicin with high diversity  

 

of colicin type among them and Riley and Gordon, (19) 
indicated that 25 types of colicin were characterized. 
Hossneara et al. [20] reported that 39 % from E. coli 
isolates were colicin producers and this result was 
disagreeing with the present study.  
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PCR analysis 

Monoplex PCR technique was carried on to detect 
colicin encoding genes in 31 E. coli isolates (30) isolates 
were colicin producers and 1 isolates were not producer.   
The colicins was detected in the isolates by PCR were 
E1, E3, E9 and M. In this assay, specific primers were 
used, the results showed band of PCR product with 650 
bp that represent colicin E1 gene and band with 429 bp 
that represent colicin M. Monoplex PCR studies 
demonstrated that 15 isolates of E. coli contain colicin 
M, 4 isolates contain colicin E1,while E3,E9 were not 
found in any of these isolates (Fig 2 and 3).  

Fig 2. Gel electrophoresis of amplified PCR product of Col E1gene 
(650 bp) of colcinogenic isolates in monoplex pattern agarose (2%), 
3 isolates were positive, TBE buffer (1x), 65 volt for 1 h. stained with 
ethidium bromide. M: DNA ladder (100 bp); Lanes 4,7,11 isolates 
were positive while other lanes represent isolates were negative to col 
E1 gene, all these isolates represent colicinogenic isolates  

 
Fig 3. Gel electrophoresis of amplified PCR product of Col E1gene 
(650 bp) in monoplex pattern,agarose (2%), one isolate was positive, 
TBE buffer (1x), 75 volt for 1 h. stained with ethidium bromide. M, 
DNA ladder (100 bp). Lane E1 positive isolate; lane, 16 was non 
colcinogenic isolte that used as control.  

Colicin E1 was found in 4 isolates (13.33%), 3 isolates 
obtained from urine samples, while last one from 
sewage, Smajs et al. [14] found a statistical increase in 
UTI strains producing colicin E1 compared to control. 
Colicin E1 is also known to have toxic effects on 
eukaryotic cells and is considered to be a virulence 
factor in UPEC strains [21,22]. Enzymatic E group 

colicins are 60 kDa toxins that translocate their C-
terminal cytotoxic domains across the inner membrane 
in order to elicit cell death through the hydrolysis of 
nucleic acid. Four H-N-H endonuclease colicins have 
been identified, E2, E7, E8 and E9, all of which target 
the bacterial chromosome. The gene encoding colicin 
E1, is located in the ColE1 plasmid. cea forms an 
operon with the downstream kil gene, encoding the Kil 
protein, whose function is to make the cell membrane 
leaky to release colicin E1 into the surrounding 
environment, killing the producing cells in the process 
[23,24]. The result showed that 15 colicinogenic E. coli 
had colicin M gene with 429 bp, while other isolates 
were not had this gene. Band of PCR product, which 
was detected and confirmed by gel electrophoresis by 
using 100 bp DNA ladder (Fig. 4 and 5). In this study, 
most frequent detected gene was colicin M that found in 
50% of colicinogenic E. coli. Colicin M was earlier 
demonstrated to provoke E. coli cell lysis via inhibition of 
cell wall peptidoglycan (murein) biosynthesis.  As the 
formation of theO-antigen moiety of lipopolysaccharides 
was concomitantly blocked, it was hypothesized that the 
metabolism of undecaprenyl phosphate, an essential 
carrier lipid shared by these two pathways, should be 
the target of this colicin [25]. In the absence of colicin M, 
the lipid-linked precursor of murein biosynthesis, 
undecaprenyl-N-acetyl-muramyl pentapeptide-N-acetylg-
lucosamine (lipid II), is transferred across the cytopla-
smic membrane and incorporated into murein. Undeca-
prenyl pyrophosphate is released and converted to the 
monophosphate, which reenters the reaction cycle. 
Colicin M inhibits this undecaprenylphosphate (lipid) 
carrier regeneration step of murein synthesis [26]. 
Colicins B and M have been found to co-occur at a 
significantly greater frequency than expected by chance 
[27]. The colicin B and M gene operons are almost 
always found in close proximity on the same large 
conjugative plasmid [28,29]. The present results showed 
that colicin E3 and E9 were not detected in any one of 
isolates, this results were in an agreement with Smajs et 
al. [14], who reported that these genes were not found in 
UTI strains.                                                                                                                                                                    

 
Fig 4. Gel electrophoresis of amplified PCR product of col M gene 
(429bp) of S.epidermidis isolates in monoplex pattern,agarose (2%),8 
isolate were positive, TBE buffer (1x), 75 volt for 1 hrs. stained with 
ethidium bromide. M, DNA ladder (100 bp). Lanes 3, 5, 6, 7, 9, 
11,12,14 were Col M positive isolates. 
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Fig 5. Gel electrophoresis of amplified PCR product of colicin M 
gene in monoplex pattern,7 isolate  were positive to it. Agarose (2%), 
TBE buffer (1x), 75 volt for 1 h. stained with ethidium bromide. M, 
DNA ladder (100 bp) .Lanes 2,5,8,9,10,12,14 were ColM positive 
isolates; lane 17 was non-colicinogenic isolate (control). 

The frequency of bacteriocin-encoding genes was found 
to be positively correlated with the frequency of E. coli 
virulence determinants [30]. Smajs et al. [14] reported 
that Colicin E1 was co-associated with colicin M, but 
only if the strain did not also encode colicin B. The later 
was in an agreement with present study because colicin 
M was detected in colicinogenic isolates that had colicin 
E1 also. Imren et al. [31]  reported that out of 129 
uropathogenic E. coli strains, 33% (25.5) produced 
colicin, Among these colicin types the group E colicin 
was more than 50%. None of the strains produced 
colicin E6, Out of 129 E. coli strains 22 (17%) produced 
colicin V. Tahamtan et al.,[32] in Iran reported that 
approximately 100% of isolates contained at least one 
colicin gene and data indicated 39.19 of isolates 
harbored at least one colicin, while 21,73,17.42,13.04 
and 3.34 present of isolates posses 2,3,4 and five genes 
of colicin respectively. these isolates were taken from 
animals. 
Conflict of interest  
The author declares that she has no conflict of interests. 

REFERENCES 
1. Kaper JB, Nataro J, Mobley HL. (2004) Pathogenic Escherichia 

coli. Nat Rev Microbiol  2:123–140.  
2. Šmarda J, Šmajs D and Lhotová H. (2002) Three recently 

acknowledged Escherichia species strikingly differ in the incidence of 
bacteriocinogenic and lysogenic strains. J Basic Microbiol 42:429-433. 

3. Gordon DM, Riley MA. (1999) A theoretical and empirical 
investigation of the invasion dynamics of colicinogeny. Microbiol  
145:655–661. 

4. Lenski RE, Riley MA. (2002) Chemical warfare from an ecological 
perspective. Proc Natl Acad Sci USA  99:556–558. 

5. Kerr B, Riley MA, Feldman MW,  Bohannan BJ. (2002) Local 
dispersal promotes biodiversity in a real-life game of rock–paper–
scissors. Nature 418:171–174. 

6. Cursino L, Smarda J, Souza C, Nascimento AMA. (2002) Recent 
updated aspects of colicins of enterobacteriacreae. Braz J Microbiol 
33:185-195. 

7. Christenson J, Gordon DM. (2009) Evolution of colicin BM plasmids: 
the loss of the colicin B activity gene. Microbiol 155: 1645-1655. 

8. Harry CO, Walker D. (2013) Cytotoxic activity of colicin E1, E3 and 
E9 against E.coli BW25113 in the planktonic and biofilm states. Int J 
Curr Res Aca Rev 1:55-71. 

9. Lakey JH, van der Goot F.G, Pattus F. (1994) All in the family: the 
toxic activity of colicins. Toxicol  87:85–108. 

10. Brunden KR, Cramer WA, Cohen FS. (1984) Purification of a small 
receptorbinding peptide from the central region of the colicin E1 
molecule. J Biol Chem 259: 190-196. 

11. Forbes BA, Sahm DF, Weissfeld AS. (2002) (Eds) Enterobacteriaceae. 
Chapter 25. In: Bailey and Scottís Diagnostic Microbiology. 11th ed. 
Mosby: St. Louis 365-77. 

12. Al-Qassab AO, Al-Khafaji ZM. (1992) Effect of different conditions 
on inhibition activity of enteric lactobacilli against diarrhea-causing 
enteric bacteria. J Agric Sci 3: 18-26. 

13. Gordon DM, O’Brien CL. (2006) Bacteriocin diversity and the 
frequency of multiple bacteriocin production in Escherichia coli. 
Microbiol 152:3239–3244. 

14. Šmajs D, Micenková L, Šmarda J, Vrba M, Ševčíková A, Vališová 
Z, Woznicová V. (2010) Bacteriocin synthesis in uropathogenic and 
commensal Escherichia coli: colicin E1 is a potential virulence factor. 
BMC Microbiol 10:288. 

15. Al-Sa'edi EMR. (1998) Isolation and purification of colicin from 
Escherichia coli and its experimental use in laboratory animals. Ph.D 
thesis College of Veterinary medicine-Baghdad University: 140. 

16. Tishvarian JAM. (1996) Optimization,Partial purification and 
characterization of colicin produced by local Escherichia coli isolated 
from urinary tract infections.Ph.D thesis,College of science-Al-
Mustansiriya University:108. 

17. Feldgarden M, Rily MA. (1998) High levels of colicin resistance in E. 
coli. Evolution 52:1270-1276. 

18. James R C, Kleanthous et al. (1996) The biology of E colicins: 
paradigms and paradoxes. Microbiol 142: 1569-1580. 

19. Riley MA, Gordon DM. (1999) The ecological role of bacteriocins in 
bacterial competition. Trends Microbiol 7: 129-133. 

20. Hossneara AA, Khan  MSR, Islam MJ, Khmnh N, Rahman MT. 
(2007) Detection of colicinogenic E.coli isolated and interrelatedness 
with their enteropathogenicity and antibiotic resistant pattern. Arg Sci 
Technol 4:173-176. 

21. Šmajs D, Karpathy SE, Šmarda J, Weinstock GM. (2002) Colicins 
produced by the Escherichia fergusonii strains closely resemble colicins 
encoded by Escherichia coli. FEMS Microbiol Lett 208:259-262. 

22. Chumchalová J, Šmarda J. (2003) Human tumor cells are selectively 
inhibited by colicins. Folia Microbiol 48:111-115.  

23. Sabik  J F, Suit J L, Luria S E. (1983) Cea-kil operon of the ColE1 
plasmid. J Bacteriol 153:1479–1485. 

24. Zhang S, Faro A, Zubay G. (1985) Mitomycin-induced lethality of 
Escherichia coli cells containing the ColE1 plasmid: involvement of the 
kil gene. J Bacteriol 163:174–179. 

25. EIGhachi M, Bouhss A, Barreteau H, Touze T, Auger G, et al. 
(2006) Colicin M exerts its bacteriolytic effect via enzymatic 
degradation of undecaprenyl phosphate-linked peptidoglycan precursors. 
J Biol Chem 32:2276-72. 

26. Harkness  RE, Braun V. (1989) Colicin M inhibits peptidoglycan 
biosynthesis by interfering with lipid carrier recycling. J Biol Chem  
264:6177–6182. 

27. Gordon DM, Oliver E, Littlefield-Wyer J. (2007) The diversity of 
bacteriocins in Gram-negative bacteria. In Bacteriocins: Ecology and 
Evolution, pp. 5–18. Edited by M. A. Riley & M. A. Chavan. New 
York: Springer. 

28. Sasarman  A, Massie  B,  Zollinger  M, Gagnetellier  H, Shareck  F, 
et al. (1980) Naturally-occurring RcolBM plasmids belonging to the 
IncfIII incompatibility group. J Gen Microbiol 119:475–483. 

Khalaf ZZ, Flayyih MT. (2015) World Journal of Experimental Biosciences. Vol. 3, No. 2: 94-99.                           



 99 

29. O lschla¨ger  T, Schramm  E,  Braun V. (1984)  Cloning and 
expression of the activity and immunity genes of colicin-B and colicin-
M on ColBM plasmids. Mol Gen Genet 196:482–487. 

30. Micenková L, Štaudová B, Bosák J, Mikalová L, Littnerová S, et al. 
(2014) Bacteriocin-encoding genes and ExPEC virulence determinants 
are associated in human fecal Escherichia colistrains. BMC 
Microbiol 14:109. 

31. Imren A, Crikci GC. (2001) Colicin production and colicin typing of 
Uropathogenic Escherichia Coli. Turk J Med Sci 31: 483-485. 

32. Tahamtan Y,  Shirazi   Z,  Pourbakhsh  A,  Kargar  M,  Hyati   M, 
et al. (2012) Detection of Colicin genes by PCR in Escherichia coli 
isolated from cattle in Shiraz-Iran. Archives of Razi Institute 67: 63-67. 

 
 

  
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 

Author affiliation: 
1. Department of Biology, Collage of Science, University of 

Baghdad, Baghdad, Iraq. 

UnicornUnicorn

Khalaf ZZ, Flayyih MT. (2015) World Journal of Experimental Biosciences. Vol. 3, No. 2: 94-99.                           


