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1. Introduction

Escherichia coli (E. coli) is easy to detect, Gram-negative bacteria, and susceptible to genetic
modification. Based on the diversity of genomes, which range from commensal bacteria to pathogenic
bacteria that cause diseases, it is possible to observe the diversity of E. coli bacteria. Symbiotic or non-
pathogenic bacteria are found in the normal flora of the organism's gastrointestinal tract. Pathogenic
variations are also classified as extraintestinal and diarrheal pathogens. These variations come in
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facultative and obligate pathogen varieties [1-2]. Outside of its normal environment, this facultative
bacteria can operate as an opportunistic pathogen and cause numerous extra-intestinal diseases [2-3].

Multidrug-resistant microorganisms are challenging to cure and provide a significant risk to
civilization. It is essential to discover new antimicrobial medications to combat the growth of resistant
microbes and the limitations of the present antibiotic development techniques. Due to its high
cytotoxic action against clinically significant bacteria, minimal oral toxicity to hosts, and ability to be
both broad- and narrow-spectrum, a subset of antimicrobial peptides/proteins known as bacteriocins
is regarded as a viable antibiotic alternative [2][4-5]. Direct contact, targeting of nearby cells, or
environmental secretion, such as that of bacteriocin, can all result in the production of cytotoxic
proteins [6].

Bacteriocins are compounds synthesized by bacteria from ribosomes. This compound exhibits
antimicrobial activity against other bacterial species. E. coli and other Gram-negative bacteria in the
Enterobacteriaceae family that are linked to them produce the high molecular weight (>20 kDa)
protein colicin in reaction to stress. Four different mechanisms of colicin lethality have been identified
to date: cytoplasmic membrane depolarization (porogen colicin), nonspecific DNase activity, targeted
RNase activity, and suppression of colicin biosynthesis [7-9].

Colicin is created by strains of E. coli in a complex with high affinity for immune proteins, which
prevents colicin from having any harmful effects on the bacteria that make it. Colicin can be classified
according to its mechanism of entry into target cells and its cytotoxic mechanism, namely pore
conformation, DNase (colicin E2, E8, E9, E7), RNase (E3, E6, E4) and tRNase [10-12]. Colicin enters
cells by binding to a number of proteins found in the OM of E. coli, including OM receptors and
periplasmic proteins. Both the active transport of complex substances into the cell and the passive
entry of small molecules are usually carried out via the nutrition receptors on the outer membrane [13-
14]. Colicin can be used as an alternative antimicrobial agent that can prevent the growth of E. coli
bacteria [12][14]. In this article, we will discuss the characteristics and mechanisms of the antibacterial
agent produced by colicin.

2. Experimental Section

Between April and August 2021, the authors of this literature review searched any databases that
contained scientific articles or research findings, including PubMed, Science Direct, and Google
Scholar. Only studies that met the aforementioned search criteria were included in systematic reviews.
The search terms utilized in this case included (1) Escherichia coli (E. coli), (2) bacteriocin, (3) colicin,
(4) colicin mechanism, or (5) colicin as an antibacterial agent. A duplicate article was the exclusion
criteria, but there were no limits for the year of publication or study. We made an effort to analyze
recent studies to learn more about the most recent findings on colicin in E. coli, particularly as an
antibacterial agent.

These keywords were searched across all databases and returned 103 articles in total. We also
eliminated 15 duplicate articles. From the abstract through the full-text publications, there were
articles with the potential to be screened. Out of the 88 prospective articles, forty were disqualified
because they failed to satisfy the requirements for inclusion. As a result, 48 articles met the
requirements for inclusion and were ready for review. Figure 1 shows the workflow for selecting
articles.
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Records identified through
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Records fulfilling inclusion
criteria and eligibility for
literature review (n=48)

Figure 1. PRISMA workflow

3. Results and Discussions

3.1 Escherichia coli

Escherichia coli is a rod-shape Gram-negative bacteria of the family Enterobacteriaceae, 1-3 x 0.4-0.7 x
0.6-0.7 um in size, no spores, some motile (peritric flagella) or is non-motile and facultative anaerobes.
Other biochemical features include indole production, no citrate fermentation, methyl red positive
and negative urease test, and Voges-Prokauer reaction [15-17].

Gram-negative enterobacteria possess complex surface antigens that play an important role in
pathogenicity and also underlie the immune response. These antigens are based on a serum sample,
namely the H (flagella), K (cystic), and O (somatic or cell wall) antigens. Not all species carry H and
K antigens, except the O antigen, a lipopolysaccharide associated with endotoxin shock. Most Gram-
negative species in the gut exhibit subspecies or serotypes caused by minor changes in the chemical
structure of the H, K, and O antigens [17-20].

Escherichia coli is a normal flora of the gastrointestinal tract. A healthy person has more than one
billion E. coli cells in the digestive tract. Despite the fact that the majority of E. coli strains are benign,
some among them are virulent and can cause fatal conditions like sepsis, meningitis, and bloody
diarrhea [20-22]. E. coli is divided into pathogenic types according to the type of pathogenicity and the
clinical signs it causes [22-23].

Macromolecule transport is impeded by the OM of E. coli. Colicin and phages have developed to
parasitize a variety of OM receptors that are essential for the cellular uptake of food components such
as metals, carbohydrates, vitamins, and nucleosides. A plasmid created by E. coli contains the
antibacterial toxin colicin, which is intended to attack other E. coli cells [24-26]. Bacteriocins are
substances that bacteria produce and have antibacterial properties. Several bacteriocins generated by
Gram-negative bacteria, also known as colicins and microcins, have demonstrated bioactivity against
cancer cells in both in vitro and in vivo cases. In cancer cells, bacteriocins had a significantly different
inhibitory effect than on normal cells. Bacteriocins may therefore be suitable for particular anticancer
weapons [7][27].

3.2 Colicin

Bacteria have mechanisms to deal with environmental challenges and against competitors for
resources. The synthesis of bacteriocins, which are antimicrobial substances, is one process that reacts
to the environment and works to prevent the growth and survival of adversaries. Bacteriocin is a host-
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specific toxin and is often lethal to strains due to its power to compete for the same resources [7][28].
Colicin is a kind of bacteriocin produced by Enterobacteriaceae. Similar genes and colicine itself were
found in gene clusters on plasmids that make colicin. Colicin-producing genes, which create toxins,
immunological genes, which create defense-improving proteins that bind to and neutralize toxin
proteins, and lysis genes, which create proteins that facilitate the release of colicin, are all members of
this class of genes [7][27].

By creating holes in the IM and stopping the manufacture of cell walls and the breakdown of
nucleic acids, the bacteriocin colicin, which is generated by E. coli, can kill some strains of E. coli.
Depending on how cytotoxic they are to the host cell, some colicins must pass the inner membrane
(IM) of the target cell. The target cell's OM must be attached to and crossed by all colicines. The mode
of bactericidal action commonly used to classify colicins is based on the mode of pore formation,
nuclease type, and anti-murein synthesis [14].

Colicin was initially identified by Gratia in 1925, who demonstrated that an E. coli strain with the
letter "V" for virulence emitted compounds detected in its filtrate that were poisonous to strains that
were susceptible to them. have the flu. Moreover, Gratia showed how susceptible strains can produce
colicin-resistant mutations. The loss of particular surface receptors for this particular colicin, according
to Fredericq, is a contributing factor in colicin resistance [29][22]. Colicin enters cells by parasitizing
receptors on the OM that are biologically made to bind and import substances. Colicins come in a
variety of forms, and each one enters host cells by parasitizing receptors. It is also feasible to classify
colicin based on the translocation mechanism that allows it to enter bacterial cells. Tol-dependent
bacterial translocation is mediated by the colicin group A (TolA, TolR, TolB, TolQ, and Pal proteins).
Colicin group B employs a Ton-dependent system, including ExbB-ExbD and TonB, to fight the T1
phage [30-31].

The migration of colicin across the cell membrane consists of four steps, namely (i) bonding to
the OM of E. coli, (i1) formation of outer membrane translation by producing transmembrane proteins
colicin including the cytotoxicity C-terminal domain, (iii) periplasmic transport and attachment to or
insertion into the IM, (iv) enzymatic breakdown of colicins translocated in the cytoplasm including
chromosomal DNA hydrolysis and concurrent suppression of DNA synthesis (colicin E2, E9, and
E7), and inhibition of protein synthesis by RNase degradation or tRNA (colicin D or E5) [29][32].
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Figure 2. Crystal structure and domain of colicin variant (PDB: www.rcsb.org)
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Cells are destroyed by the multidomain toxin known as Enterobacteriaceae protein bacteriocin's
cytotoxic C-terminal domain, which is encoded on chromosomes or plasmids and is regulated by the
toxin's N-terminal section. By depolarizing the cytoplasmic membrane, or cleaving the precursor of
the lipid II peptidoglycan in the periplasm, or by cleaving certain tRNAs, rRNAs, or chromosomal
DNA in the cytoplasm, cytotoxic activity is exhibited. One of the two routes engaged in the two
proton-motive force-linked (PMF) in the IM catalyzes the pathway of the outer membrane. Although
Tol-dependent bacteriocins (group A) bind one or more Tol-Pal system components, Ton-dependent
bacteriocins bind TonB through the TonB-dependent transporter (TBDT) in the OM [31][33].

3.3 Mechanism of Colicin

Colicin makes use of proteins in the inner and periplasmic membranes as well as nutrient transporters
that are found in the outer membrane. The three functional domains of colicin are the cytotoxic (C-
domain), the core receptor (R-domain), and the translocation (T-domain) [31][32]. The core receptor
domain aids in the acknowledgment of target cells by colicins. The translocation domain at the N-
terminus allows colicins to pass through the OM into or through the cytoplasm by attaching to cell
surface receptor proteins with high affinity, whereas the cytotoxic domain interferes with the target
ingredients via the formation or degradation of pores. enzymes. Energy is needed for the release of
receptors from the OM and the passage of colicin polypeptides through transducers across the OM for
colicin to enter the cell [34-35].

Colicin tightly attach to the major receptor via the R-domain. The T-domain of colicin is capable
of interacting with Tol or Ton signaling. Immune proteins are released as a result of this contact. It
has been demonstrated that the release of immunogenic proteins partially opens the ColE3 C-domain,
enabling it to communicate with OmpF35. The colicin C-domain is then dissociated from the
remaining colicin by a protease at the point where the C domain and the R22-domain converge
[30][35].
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Figure 3. Mechanism of colicin group A and B [43]

The development of pores of soluble toxins transported to the plasma membrane's interface by
attaching to sugars, lipid, or receptor components is the general method by which membrane pores
are formed. Two different paths are used to create the membrane's final pore after the PFT is
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concentrated on the membrane's surface. PFT oligomerizes and inserts into the plasma membrane
synergistically by sequential oligomerization mechanisms, forming partial or total holes, and both are
active. In the o-PFT and B-PFT pathways, transmembrane holes are formed that exhibit different
characteristics and trigger cellular responses [36-37].

Colicin E1 causes cytotoxicity in E. coli or closely related species by forming ion channels and
depolarizing the cytoplasmic membrane [37-38]. OmpF and TolC form a stable trimer on the bacterial
OM. Each monomer in the OmpF cutter can form mildly cation-selective ion-permeation channels
and requires BtuB for group A colicin activity. Colicin E1 activity depends on both BtuB and TolC
working together. OmpF is necessary for colicin N activity alone. TolC is a trimer protein in the OM
and spans the periplasmic space as a o-helix pathway [32][37].

3.4 Colicin as Antibacterial Agent

Antibiotic resistance is causing concern worldwide. The utilization of drugsfor the therapy of
contagious illness has resulted in the appearance of MDR bacteria, necessitating the development of
new antibiotics. The establishment of bacterial strains that are resistant to treatment in hospitals may
be prevented by the use of combination antimicrobial agents in diverse infections [39-40]. Bacteriocin
is a good candidate for antibacterial therapy. Gram-positive and Gram-negative bacteria's lipoteichoic
acids and lipopolysaccharides have binding sites on their outer membrane surfaces that let cationic
antimicrobial peptides enter the target cytoplasmic membrane. The adhesion of antimicrobial peptides
to the OM bacteria is facilitated by electrostatic interactions between cationic molecules and negatively
charged spots on the membrane. Many bacteria create bacteriocins, peptides, or proteins that are
produced by ribosomes and have a variety of antimicrobial effects [38][41].

Colicin possesses cell-killing action, making it a suitable substitute for antibiotics. In contrast to
the majority of traditional antibiotics, which inactivate bacterial growth, colicin damages biological
components. microorganisms by preventing DNA replication, cell wall biosynthesis, and protein
synthesis (e.g., with kanamycin and penicillin) (eg, ciprofloxacin) [31][35]. Colicin has the power to
eradicate so-called persistent non-proliferative cells, which are capable of resisting antibiotic therapy
by becoming metabolically dormant. Furthermore, colicin poses no risk to humans because it
exclusively eliminates bacteria that have receptors such as FhuA, BtuB, Cir,and OmpF that are absent
from human cells. Colicin's cell-killing kinetics are quick and can eliminate dangerous germs while
they are still developing, preventing the growth of bacteria that are persistent or resistant. It is possible
to engineer novel colicins by mixing them with different bacteriocins in several colicin areas [32][34].

ColE1, a colicin of group A, kills E. coli-sensitive cells by creating signaling pathways in the IM.
Colicin E-producing bacteria defend themselves by generating immunological proteins that attach to
the cytotoxic C-terminus domain and inhibit its function. When ColE1 binds, it occurs in the IM and
prevents the formation of deadly holes, but when ColE binds, it does so with high affinity in the
cytoplasm and results in the formation of a protein complex that is ejected from the cell. The target
bacterial defense mechanisms against colicin rely heavily on the unintentional modification of
receptors (resistance) or elements of translocation (tolerance) [24][31].

Since the identification of the antibiotic-deficient colicin E1 fragment with cytotoxic potential C
that belongs to many antibiotic classes, colicin E1 has the potential to be an antibiotic. Colicin E1's
ability to retain its binding to surfaces is improved by TolC interaction, although it is insufficient.
ColE1-T only partially inhibits the antibiotic while ColE1-TR completely inhibits [42-43].

Research conducted by Budiardjo et al [42-43], found that colicin E1 fragments that bind to TolC
inhibit the pumping pathways of antibiotics and increase susceptibility to all three antibiotics. In the
live cell assay for the flow inhibitor colicin E1, the colorant N-(2-naphthyl)-1-naphthylamine, which
is released by AcrAB-TolC efflux, is passively diffused into cells. The CCCP protonophore can
deactivate NNN, which prevents proton dynamics and permits NNN to build up in the cell. ColE1-
TR successfully increased the antibiotic potency of three different well-known TolC substrates, as it
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entirely suppressed the NNN influx. The antibiotic stays contained inside the cell thanks to an efficient
TolC node, which lowers the concentration required to stop development.

Various combinations of colicins have been tested by Lobmann et al. [44] to control EHEC
contamination in various foods such as meat and it has been reported that there is a reduction in E.
coli 0157:H7 contamination in fresh pork treated with a mixture of ColM+ColE7. The combined
colicin treatment (ColM+E7+Ia+5+K+U) was tested on meat contaminated with USDA “Big7
STEC” mixture plus 104:H4 serotype resulting in a 1-3 log reduction in the bacterial population. In
addition, the colicin test is performed on E. coli bacteria that are multi-resistant to each type of colicin
and the combination of the different types. Colicin E7 and M each significantly reduced the bacterial
population in the first 4 hours while the combined colicin (ColE7+M, ColE7+M+E6+E2, and
ColE7+M+E6+E2+K+5) can kill bacteria as a whole. The usage of colicin is dose-dependent; for
instance, colicin M alone, when employed at concentrations of 5 mg/L as opposed to 0.5 mg/L,
provides substantially tighter control of bacteria.

Translocon complex assembly is required for ColE9 import. The BtuB (receptor), OmpF or
OmpC (porin translocator), TolB (cytoplasmic target), and Im9 make up the OM part of the translocon
(immunoprotein). ColE9 forms the OM translocon by crossing the porin channel and interacting with
the PMF-coupled Tol-Pal system in the periplasmic using an intrinsically unstructured N-terminus.
Colicin is known to use FtsH, an AAA+ ATPase/protease to get around MI. ColE9 DNase causes
nonspecific double-stranded DNA cleavage once within the cell, which kills the cell [43][45].

4, Conclusion

E. coli produces the protein colicin, which is a response to environmental stress. Colicins are separated
into group A colicins (A, N, E1, E3, E6, E7, E9) with a Tol-dependent system and group B colicins
(Ia, Ib, B, D) with a Ton-system based on the translocation mechanism during bacterial cell invasion.
Colicin has three functional domains, T, R, and C, which aid in target cell recognition, binding to cell
surface receptor proteins, pore formation, and enzyme breakdown. The four steps of colicin
translocation are binding to gram-negative E. coli bacteria's outer membrane, creating translocons on
the outer membrane, moving between periplasmic regions, and decreasing enzyme activity. Since
colicin's cytotoxicity only works on bacteria, it is not hazardous to humans. To aid in the management
of E. coli and other related bacterial infections, it is crucial to determine the antibacterial capability of
colicin. Combining several colicin types revealed a promising prospect for colicin as an antibacterial
agent, but additional research is required.

References

[1] Braz, V. S., Melchior, K., & Moreira, C. G. (2020). Escherichia coli as a Multifaceted
Pathogenic and Versatile Bacterium. Frontiers in Cellular and Infection Microbiology, 10, 1-9.

[2] Urban-Chmiel, R., Marek, A., Stepien-Pysniak, D., Wieczorek, K., Dec, M., Nowaczek, A., &
Osek, J. (2022). Antibiotic Resistance in Bacteria-A Review. Antibi, 11, 1078-1108.

[3] Widodo, A., Lamid, M., Effendi, M. H., Khailrullah, A. R., Kurniawan, S. C., Silaen, O. S.
M., Riwu, K. H. P., Yustinasari, L. R., Afnani, D. A., Dameanti, F. N. A. E. P, &
Ramandinianto, S. C. (2023). Antimicrobial resistance characteristics of multidrug resistance
and extended-spectrum beta-lactamase-producing Escherichia coli from several dairy farms in
Probolinggo, Indonesia. Biodiversitas, 24(1), 215-221.

[4] Jin, X., Kightlinger, W., & Hong, S. H. (2019). Optimizing cell-free protein synthesis for
increased yield and activity of colicins. Methods and Protocols, 2(2), 1-12.

[5] Aghababa, A. H. A., & Nadi, M. (2021). Mechanisms of Antibiotic Resistance in Bacteria: A
Review. Medicine Personalized Journal, 6(21), 17-22.

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta


http://www.eksakta.ppj.unp.ac.id/index.php/eksakta

Eksakta : Berkala llmiah Bidang MIPA ISSN : 1411 3724 223

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]

Cohen-Khait, R., Harmalkar, A., Pham, P., Webby, M. N., Housden, N. G., Elliston, E.,
Hopper, J. T. S., Mohammed, S., Robinson, C. V., Gray, J. J., & Kleanthous, C. (2021).
Colicin-Mediated Transport of DNA through the Iron Transporter FepA. MBio, 12(5), 1-11.
Kohoutova, D., Forstlova, M., Moravkova, P., Cyrany, J., Bosak, J., Smajs, D., Rejchrt, S., &
Bures, J. (2020). Bacteriocin production by mucosal bacteria in current and previous colorectal
neoplasia. BMC Cancer, 20(1), 1-7.

Aljohani, A. B., Al-Hejin, A. M., & Shori, A. B. (2023). Bacteriocins as promising antimicrobial
peptides, definition, classification, and their potential applications in cheeses. Food Science and
Technology (Brazil), 43, 1-10.

Amarantini, C., Prakasita, V. C., & Cahyani, L. E. (2021). The Effect of Temperatures and pH
on Bacteriocin Activity of Lactic Acid Bacteria Strain Pr 4.3L. From Peda Fish. Proceedings of the
7th International Conference on Research, Implementation, and Education of Mathematics and Sciences
(ICRIEMS 2020), 528, 28-34.

Shushan, A., & Kosloff, M. (2021). Structural design principles for specific ultra-high affinity
interactions between colicins/pyocins and immunity proteins. Scientific Reports, 11(1), 1-15.
Darbandi, A., Asadi, A., Mahdizade Ari, M., Ohadi, E., Talebi, M., Halaj Zadeh, M., Darb
Emamie, A., Ghanavati, R., & Kakanj, M. (2022). Bacteriocins: Properties and potential use as
antimicrobials. Journal of Clinical Laboratory Analysis, 36(1), 1-40.

Fokt, H., Cleto, S., Oliveira, H., Araujo, D., Castro, J., Cerca, N., Vieira, M. J., & Almeida, C.
(2022). Bacteriocin Production by Escherichia coli during Biofilm Development. Foods, 11(17),
1-13.

Housden, N. G., Loftus, S. R., Moore, G. R., James, R., & Kleanthous, C. (2005). Cell entry
mechanism of enzymatic bacterial colicins: Porin recruitment and the thermodynamics of
receptor binding. Proceedings of the National Academy of Sciences, 102(39), 13849-13854.
Arunmanee, W., Ecoy, G. A. U., Khine, H. E. E., Duangkaew, M., Prompetchara, E.,
Chanvorachote, P., & Chaotham, C. (2020). Colicin N mediates apoptosis and suppresses
integrin-modulated survival in human lung cancer cells. Molecules, 25(4), 1-15.

Rivas, L., Mellor, G. E., Gobius, K., & Fegan, N. (2015). Detection and typing strategies for
pathogenic Escherichia coli. Springer Nature Switzerland AG. Switzerland.

Sari, R., Apridamayanti, P., & Puspita, I. D. (2018). Sensitivity of Escherichia coli Bacteria
Towards Antibiotics in Patient with Diabetic Foot Ulcer. Pharmaceutical Sciences and Research,
5(1), 19-24.

Basavaraju, M., & Gunashree, B. S. (2023). Escherichia coli: An Overview of Main
Characteristics. IntechOpen. 1-23.

Talaro, K. P., & Chess, B. (2015). Foundations in Microbiology 9" Edition. McGraw-Hill
Education. New York.

Tortora, G. J., Funke, B. R., & Case, C. L. (2019). Microbiology: An Introduction. Pearson.
Boston.

Sarowska, J., Olszak, T., Jama-Kmiecik, A., Frej-Madrzak, M., Futoma-Koloch, B., Gawel,
A., Drulis-Kawa, Z., & Choroszy-Krol, 1. (2022). Comparative Characteristics and Pathogenic
Potential of Escherichia coli Isolates Originating from Poultry Farms, Retail Meat, and Human
Urinary Tract Infection. Life, 12(6), 845-864.

Cho, S., Hiott, L. M., Barrett, J. B., McMillan, E. A., House, S. L., Humayoun, S. B., Adams,
E. S., Jackson, C. R., & Frye, J. G. (2018). Prevalence and characterization of Escherichia coli
isolated from the Upper Oconee Watershed in Northeast Georgia. PLoS ONE, 13(5), 1-15.
Sarowska, J., Futoma-Koloch, B., Jama-Kmiecik, A., Frej-Madrzak, M., Ksiazczyk, M., Bugla-
Ploskonska, G., & Choroszy-Krol, I. (2019). Virulence factors, prevalence and potential
transmission of extraintestinal pathogenic Escherichia coli isolated from different sources:
Recent reports. Gut Pathogens, 11(1), 1-16.

Potential of Colicin as an Antibacterial in Escherichia coli



Cynthia Gozali, Andriansjah Rukmana 274

[23]
[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Allocati, N., Masulli, M., Alexeyev, M. F., & Di Ilio, C. (2013). Escherichia coli in Europe: An
overview. International Journal of Environmental Research and Public Health, 10(12), 6235-6254.
Masi, M., Vuong, P., Humbard, M., Malone, K., & Misra, R. (2007). Initial steps of colicin E1
import across the outer membrane of Escherichia coli. Journal of Bacteriology, 189(7), 2667-2676.
Shalibeik, S., Ghandehari, F., Ahadi, A.-M., Rastegari, A.-A., & Ghiasian, M. (2022).
Antibacterial Activity of the Peptide Microcin J25 Produced by Escherichia coli. Medical
Laboratory Journal, 16(3), 14—18.

Sharma, K., Kaur, S., Singh, R., & Kumar, N. (2021). Classification and Mechanism of
Bacteriocin Induced Cell Death: a Review. Journal of Microbiology, Biotechnology and Food
Sciences, 11(3), 1-10.

Samuels, A. N., Roggiani, M., Smith, K. A., Zhu, J., Goulian, M., & Kohli, R. M. (2020).
Deciphering the role of colicins during colonization of the mammalian gut by commensal E.
Coli. Microorganisms, 8(5), 1-16.

Asarina, S., Sariasih, S., & Kulsum, Y. (2022). In silico Prediction of Bacteriocin Gene within
the Genus of Lactobacillus. Jurnal Biologi Indonesia, 18(1), 103-110.

Cramer, W. A., Sharma, O., & Zakharov, S. D. (2018). On mechanisms of colicin import: The
outer membrane quandary. Biochemical Journal, 475(23), 3903-3915.

Sharma, K., Kaur, S., Singh, R., & Kumar, N. (2021). Classification and Mechanism of
Bacteriocin Induced Cell Death: a Review. Journal of Microbiology, Biotechnology and Food
Sciences, 11(3), 1-10.

Francis, M. R., Webby, M. N., Housden, N. G., Kaminska, R., Elliston, E., Chinthammit, B.,
Lukoyanova, N., & Kleanthous, C. (2021). Porin threading drives receptor disengagement and
establishes active colicin transport through Escherichia coli OmpF. The EMBO Journal, 40(21),
1-19.

Jin, X., Kightlinger, W., Kwon, Y. C., & Hong, S. H. (2018). Rapid production and
characterization of antimicrobial colicins using Escherichia coli-based cell-free protein
synthesis. Synthetic Biology, 3(1), 1-11.

Xing Jin, W. K. and S. H. H. (2019). Optimizing Cell-Free Protein Synthesis for Increased Yield
and Activity of Colicins. Methods and Protocols MDPI, 2, 1-12.

Li, Y., Li, Y., Mengist, H. M., Shi, C., Zhang, C., Wang, B., Li, T., Huang, Y., Xu, Y., & Jin,
T. (2021). Structural Basis of the Pore-Forming Toxin / Membrane Interaction. Toxins, 13, 1-19.
Zakharov, S. D., Eroukova, V. Y., Rokitskaya, T. I., Zhalnina, M. V., Sharma, O., Loll, P. J.,,
Zgurskaya, H. 1., Antonenko, Y. N., & Cramer, W. A. (2004). Colicin occlusion of OmpF and
TolC channels: Outer membrane translocons for colicin import. Biophysical Journal, 87(6), 3901—
3911.

Fathizadeh, H., Saffari, M., Esmaeili, D., Moniri, R., & Salimian, M. (2020). Evaluation of the
antibacterial activity of enterocin A-colicin E1 fusion peptide. Iranian Journal of Basic Medical
Sciences, 23(11), 1471-1479.

Noskova, S., Sukhikh, S., Babich, O., & Bulgakova, O. (2021). Determination of minimum
inhibitory concentrations of lactic acid bacteria and other antagonist microorganisms. E3S Web
of Conferences, 291, 1-7.

Paitan, Y. (2018). Current Trends in Antimicrobial Resistance of Escherichia coli. Springer
International Publishing. Switzerland.

L ojewska, E., Sakowicz, T., Kowalczyk, A., Konieczka, M., Grzegorczyk, J., Sitarek, P.,
Skat a, E., Czarny, P., Sliwinski, T., & Kowalczyk, T. (2020). Production of recombinant
colicin M in Nicotiana tabacum plants and its antimicrobial activity. Plant Biotechnology Reports,
14(1), 33-43.

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta


http://www.eksakta.ppj.unp.ac.id/index.php/eksakta

Eksakta : Berkala llmiah Bidang MIPA ISSN : 1411 3724 225

[40] Budiardjo, S. J., Stevens, J. J., Calkins, A. L., Ikujuni, A. P., Wimalasena, V. K., Firlar, E.,
Case, D. A., Biteen, J. S., Kaelber, J. T., & Slusky, J. S. G. (2022). Colicin E1 opens its hinge
to plug TolC. ELife, 11, 1-24.

[41] Budiardjo, S. J., Deay, J. J., Calkins, A. L., Wimalasena, V. K., Montezano, D., Biteen, J. S.,
& Slusky, J. S. G. (2019). Colicin E1 Fragments Potentiate Antibiotics by Plugging TolC.
BioRxiv, 1-32.

[42] Hahn-Lo6bmann, S., Stephan, A., Schulz, S., Schneider, T., Shaverskyi, A., Tusé, D., Giritch,
A., & Gleba, Y. (2019). Colicins and salmocins — New classes of plant-made non-antibiotic food
antibacterials. Frontiers in Plant Science, 10(473), 1-16.

[43] Atanaskovic, 1., & Kleanthous, C. (2019). Tools and approaches for dissecting protein
bacteriocin import in gram-negative bacteria. Frontiers in Microbiology, 10(646), 1-12.

Potential of Colicin as an Antibacterial in Escherichia coli



