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INTRODUCTION

Colicins are a class of antimicrobial proteins that
are produced by Escherichia coli with the purpose of
suppressing the growth of other strains of E. coli and
closely related bacterial species [1]. The proteins
have undergone evolutionary changes in order to
provide a competitive advantage to the host bacte-
rium in its interactions with closely related bacte-
rial species [2]. A lot of bacteria in the Enterobacte-
riaceae family can make colicins. In fact, tests have
shown that about 30% of E. coli isolates can make at
least one type of colicin [3].

The colicins produced by the colicinogenic bacte-
ria are specially protected against unwanted envi-
ronmental factors like high temperature and hu-
midity. Furthermore, colicin gene clusters are
plasmid-encoded [4,5]. Because of their wide range
of action, colicins have been proposed for a variety
of purposes. Among the applications of this kind are
food preservatives, the management of diarrheal ill-
nesses brought on by enteropathogenic bacteria,
and others [5,6]. This study focuses on the most sig-
nificant elements of these fascinating proteins
known as colicins. The organization of all colicins is
consistent with their mode of action. All colicin mol-
ecules have the same functional domain sequence,
which runs from the N' (amino) to the C' (carboxy)
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terminus. With a molecular mass between 30 and
70 kDa, their structure consists of three distinct do-
mains: (A) a domain responsible for the recognition
of specific receptors, (B) a domain involved in trans-
location, and (C) a domain responsible for their le-
thal action [7,8].

The outer membrane of the bilayer, which con-
tains lipopolysaccharide molecules on its outer sur-
face and tiny holes, must be crossed by colicins in
order for them to function. Then, the sensitive cells
must absorb the colicins [7]. Therefore, colicins
have developed a parasitic mechanism involving
a complex system of many proteins that is used by
a susceptible cell to carry out vital biological pro-
cesses. The protein composition includes porins,
including Omp F, Omp A, and Omp C, as well as vita-
min B12 receptor (Btu B), siderophore receptor,
nucleoside receptor (Tsx), and the multiprotein sys-
tems responsible for the transport and synthesis of
these proteins [8]. The homologous Tonne and Tol
translocation systems have been identified. TonB,
ExDbB, and ExbD, three proteins of the Tonne translo-
cation system, reside near the Escherichia coli chro-
mosome [9,10]. TolQ, TolR, TolA, TolB, and Pal are
important parts of the Tol translocation system.
These components are near the Escherichia coli
chromosome [11].
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MOLECULAR INVESTIGATION OF THE COLICINOGENIC
ESCHERICHIA COLI

Escherichia coli 0157: H7 is commonly known as
a foodborne bacterial that causes significant mortal-
ity worldwide [12]. The clinical manifestations as-
sociated with E. coli 0157:H7 include a spectrum of
symptoms, ranging from minor episodes of diarrhea
to the development of hemolytic uremic syndrome
(HUS). This condition may potentially lead to kidney
diseases. The severity of these symptoms is contin-
gent upon the immunological condition of the pa-
tient and the dose of bacterial infection [13,14]. Ru-
minants is the main reservoir of Escherichia coli
0157:H7 [15]. The method for controlling E. coli
0157:H7 is competitive elimination, which is de-
fined as the employment of other probiotic bacteria
to limit the pathogenic bacterium's development
and colonization [16]. Using additional Escherichia
coli that is not pathogens and generate colicins
might be used to reduce E. coli 0157:H7 [17].

The choice of host animal species may have an
impact on the specific kind of colicin generated. In
the case of bovine isolates, it is anticipated that they
would exhibit a relatively low level of resistance to
non-cattle sources. In a study conducted by [16,18],
it was found that Escherichia coli 0157:H7 can be
effectively controlled through the use of a competi-
tive-exclusion system involving colicinogenic E. coli
isolates obtained from cattle. However, limited de-
tails were provided regarding the specific colicins
produced by these isolates and the level of resist-
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ance exhibited by naturally occurring E. coli
0157:H7 isolates [19].

The evaluation of evolutionary origins by phylo-
genetic analysis has proved useful in determining
the pathogenicity characteristics of Escherichia coli
isolates [20]. E. coli isolates can be assigned to one of
the four major phylogenetic groups A, B1, B2, and D,
which contain seven subgroups based on phylogene-
tic studies [21]. Previous research on the correlation
between colicin production and virulence factors
was restricted since it mostly examined UroPatho-
genic Escherichia coli (UPEC) isolates and found var-
ying numbers of colicin and virulence genes [19].

MECHANISM OF ACTION

Colicins kill bacteria that are sensitive in three
different ways. The process that most often leads to
membrane depolarization is the creation of ion
channels (pores) in the plasma membrane [5,7].
When the pores open, phosphate and sometimes K+
leave the cell, which lowers the amount of ATP in
the cytoplasm [8].

Most colicins' translocation and ultimate contact
with a cellular target are unknown, although the
colicin A (pore-forming) and colicin E (nucleases)
groups' mechanisms are better studied (Table 1). In-
hibition of murein production and hydrolysis fol-
lows a mechanism that is very similar to that of beta-
lactamic antibiotics and lysozyme activity [8,22].

Colicins are not as commonly found as other nu-
cleases. They can work against genomic DNA (as a

TABLE 1. Colicin produced by E. coli types, mechanism of action and other features

Colicin type Recep;?:)/té-\i:‘SISHng Translocation route Mechanism of action Coha;:;go}:(:cular
B FepA TonB/ExbB, D pore formation 54.732
FepA TonB/ExbB, D translation block 74.688
El BtuB/TolC TolA, B,Q,R, pore formation 52.279
E3 BtuB/OmpF TolA, B,Q,R, rRNA endonuclease 57.960
E4 BtuB/OmpF TolA, B,Q,R, rRNA endonuclease ND
ES5 BtuB/OmpF TolA, B,Q,R, translocation block ND
E6 BtuB/OmpF TolA, B,Q,R, rRNA endonuclease 58.011
E7 BtuB/OmpF TolA, B,Q,R, DNA endonuclease 61.349
ES BtuB/OmpF TolA, B,Q,R, DNA endonuclease 70.000
E9 BtuB/OmpF TolA, B,Q,R, DNA endonuclease ND
G Fiu TonB/ExbB, D membrane lysisND 5.500
H Fiu TonB/ExbB, D membrane lysisND 100
la Cir TonB/ExbB, D pore formation 69.406
M FhuA TonB/ExbB, D Inhibition of murein synthesis 29.453
N OmpF/OmpC, Phoe TolA, Q,R, pore formation 41.696
Q Cir TonB/ExbB, D ND ND
sS4 SrfND/OmpF TolA, B,Q,R, pore formation ND
5 Tsx/TolC TonB/ExbB, D pore formation 53.137
10 Tsx/TolC TonB/ExbB, D pore formation 53.342
Vv Cir/TolC CvaA, CvaB, CvaA pore formation 9
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general DNA endonuclease) or 16S-rRNA (as a selec-
tive endonuclease). The least commonly observed
phenomenon involves the degradation process,
which catalyzes the hydrolysis of the b-1,4 bond be-
tween N-acetyl glucosamine and N-acetylmuramic
acid in the glycan backbone of the bacterial cell
wall. Another method is the suppression of the pro-
duction of wall peptidoglycan or murein, which re-
sults in the creation of spheroplasts and, ultimately,
the death of the cell [5,23].

COLICIN SYNTHESIS, INDUCTION AND GENETIC
FEATURES

Genes on Col plasmids regulate colicin produc-
tion; these plasmids also have variable conjugative
properties and can aid in the spread of antibiotic re-
sistance and other virulence factors among uropath-
ogenic E. coli strains [24,25]. The sizes of pCol plas-
mids exhibit significant variation, ranging from 6.6
Kb (pColE1) to 94 Kb (pColH). Nevertheless, it is
worth noting that smaller plasmids measuring less
than 5.5 Kb, as well as bigger plasmids exceeding 94
Kb, have also been identified [26]. Colicin is derived
from a set of genes that consists of at least two and
often three. One such gene is the colicin structure
gene (pColE1 color cea). One more is the imm gene
for the immune system protein. Finally, there's Kil,
short for lysis protein or bacteriocin release protein
(BRP), a gene. Colicin production is stimulated by
DNA-damaging chemicals or environmental condi-
tions, including growing population density and nu-
tritional deficiency [27].

The antibacterial colicin is normally only made
in small amounts in E. coli cells that carry the Col
plasmid. However, when these cells are exposed to
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DNA-damaging drugs like UV light or mitomycin C, a
lot of it is made [28]. This is caused by the “SOS sys-
tem of DNA repair” in bacteria [29], which turns on
the RecA proteinase and turns off the Lex A protein.
The Lex A protein is a regulator of several DNA re-
pair genes and plasmid genes for colicin production.
The majority of cells in the population have colicin
synthesis turned off under normal, but unknown,
circumstances; it only happens in a tiny percentage
of cells due to an erratic activation of the “SOS sys-
tem of DNA repair” [26]. Other methods of colicin
production have been reported, including mRNA
regulation via the “stringent response” and nonspe-
cific catabolic suppression [30,31]. A protein called
BRP, or lysis protein, must be produced and active in
order for colonicin to be released into the extracel-
lular medium [32]. The lytic protein, a small lipopro-
tein that facilitates endogenous outer membrane
phospholipase A [33] is essential for cell envelope
permeabilization (lysis) and producer bacterial
mortality. Some colicin gene clusters, however, lack
the kil (lysis protein) gene, and the mechanism by
which these colicins are discharged into the extra-
cellular environment remains unknown (Figure 1).

ECOLOGY OF COLICIN

Colicins are considered anticompetitor com-
pounds from an ecological perspective [34]. Few
things are known about the natural ecology of col-
icins and their function in the ecology of bacteria,
despite the fact that research on colicins has pro-
duced a plethora of knowledge about molecular ge-
netics, mechanism of action, and application [35].
One of the many ways that bacteria adapt to envi-
ronmental stressors is by the synthesis of com-

FIGURE 1. TonB and Tol-Pal translocation systems

OM; outer membrane, P; periplasmic space, IM; inner membrane, R; TonB-dependent receptor, C; C-terminus, N; N-terminus [8]
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pounds with antimicrobial properties, including
colicins [36]. It seems to be involved in interactions
that are competitive among microbial community
members [37]. Despite the fact that colicin produc-
tion is ubiquitous, it is believed that colicins have a
bigger role in intra-versus interspecies competitive
interactions. This idea stems from data indicating
that colicins produced by one species often do not
work well against strains made by other species [38].

The high frequency of encounters with naturally
occurring colicinogenic strains provides the strong-
est evidence for the ecological importance of the col-
icins [39]. It is often stated that 24-45% of Istrains
exhibit colicinogeny [40]. The variables influencing
the prevalence of colicinogeny in wild populations
are not well understood [41,42]. However, Pugsley
(Pugsley1984) discovered that more than 30% of the
lactose-fermenting gram-negative bacteria from the
River Seine made colicins that were effective against
E. coli K12, which is a common strain used to test for
colicins. It's interesting that 98% of these samples
reacted to common antibiotics [39]. Studies show
that pathogenic isolates are more likely to cause col-
icinogeny than commensal isolates, and human iso-
lates (50%) are more likely than animal isolates
(16%) [37,43]. Whether colicinogeny is a pathogen
or a marker with additional virulence factors is un-
known. However, P-fimbriae, alpha-haemolysin,
and aerobactin synthesis are linked to specific col-
icins and may explain this association [44,45].

Colicinogenic bacteria, particularly those that
generate colicin V (now microcin V), maybe more
virulent due to these factors. Despite research show-
ing its direct role in pathogenesis, colicin V does not
seem to be a pathogenic determinant [46]. Smarda
and Obdrzalek [47] recently reported that 41% of E.
coli strains isolated from healthy humans in the
Czech population generate colicins. The same fre-
quency of carcinogenic producers was found in the
intestines of patients with salmonellosis or malig-
nant colon tumors. The number of hemolytic uro-
pathogenic strains found in these patients was only
22%. In the guts of people with Crohn's disease and
ulcerative colitis, the numbers were 48% and 56%,
respectively.

COLICINS EVOLUTION

Colicins have been used as a model to investigate
the mechanisms of bacteriocin evolution and diver-
sity due to the abundance of available data. Most of
these investigations have examined colicin, immu-
nity, and lysis gene and product DNA and protein
sequences to imply evolutionary linkages and mo-
lecular diversity. The most intriguing conclusion to
be drawn from the colicin protein's phylogenetic data
is that this class of proteins is very diverse. Positive
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selection and recombination are the two alternative
theoretical theories put out by Tan and Riley to ac-
count for the evolutionary diversity of colicins [48-50].

Positive selection has been hypothesized as a po-
tential rationale for an atypical divergence trend
seen in two distinct gene clusters (E3/E6 and E2/E9-
nucleases). A large number of synonymous and
nonsynonymous changes (which change the codon
but not the exact amino acid) were found in the im-
munity binding region, the immunity gene, and the
immunity component of the colicin gene. A diversi-
fication process was suggested to explain this occur-
rence. To begin, a point mutation develops in a coli-
cin's immunity gene, conferring a broader immune
role. Several other colicins are ineffective against
these cells, as well as their DNA and their immediate
ancestors. This colicin gene cluster will be selected
for population preservation due to its superiority. A
second mutation in the developed colicin gene may
form a gene cluster that its predecessor cannot
tolerate. This colicin gene cluster benefits a strain
greatly and specifically. Positive selection will quick-
ly introduce this “super killer”, and successive
rounds of immunity function diversification will ac-
cumulate synonymous and nonsynonymous immu-
nity component changes [51].

Increasing diversity via positive selection may be
effective here. Thus, the process underlying the “su-
per killer” appearance might be accountable for the
highest expected degree of variety in a single spe-
cies [52]: the 5% variation in IDNA. Protein
sequence identity among pore-forming colicins is
often around 40%, which the second scenario, re-
combination, may explain. Some study suggests that
this group of colicins has reassembled gene se-
quences that code for certain functional domains to
produce new colicins. These recombination process-
es occur inside and between pores-making colicin
groups [51]. Based on DNA and protein sequence
similarities, this colicin group is a diverse class of
proteins with a common ancestor. Thus, pore-form-
ing colicin diversification is the result of many re-
combination events that choose random functional
domains and create novel colicin types [53].

CONCLUSION

Understanding colicine production is essential in
the context of microbial ecology, bacterial competi-
tion, and potential applications in practical settings.
Further research explores the characteristics, pro-
duction mechanisms, and applications of colicins in
gram-negative bacteria, emphasizing their signifi-
cance in microbial interactions.
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