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Abstract: Increasing problem of resistance to conventional antibiotics has initiated an alarming situation for entire world
and hence there exist an immediate need to explore better alternatives for combating resistance. This exploration of
substitutes led to discovery of bacteriocins which are considered as natural antimicrobial agents. Bacteriocins are
proteinaceous substances ribosomally synthesized from certain bacteria. Bacteriocins producing bacteria include both
gram positive and gram negative bacteria. Bacteriocins have been classified in various classes on the basis of amino acids
present, producer bacteria, and molecular masses. There are four classes of bacteriocins produced from gram positive
bacteria and two classes produced from gram negative bacteria. Bacteriocins exhibit all four mechanisms of microbial
inactivation used by conventional antibiotics which are inhibition of cell wall synthesis, disruption of membrane structure
and integrity, interference in protein and DNA synthesis. In addition to these conventional drug targets, bacteriocins
show novel mechanism of septum formation which results in termination of cell cycle. Bacteriocins have shown a wide
range of applications in pharmaceutical industry as an excellent drug for multidrug resistant bacteria as well as against
methicillin resistant staphylococcus aureus (MRSA). They have also displayed inhibitory effects against peptic ulcer
causing H.pylori and skin infections causing gram positive bacteria. They possess antimicrobial activity not only against
bacteria but viruses and fungi are also susceptible to bacteriocins.
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INTRODUCTION

The period from 1940-1960 has been described
as “Golden era” for discovery of antibiotics during
which lot of antibiotics were discovered and produced
from natural, semisynthetic or synthetic ways. Nalidixic
acid is considered as most recently discovered
antimicrobial which was discovered almost 30 years
ago. As the process of discovering new antibiotics is
declining, development of resistance is emerging as a
huge problem [1]. Development of resistance against
traditional antibiotics is a phenomenon that is effecting
the entire world and needs an immediate concern and
public awareness policies [2].Resistance is not a new
problem but it is a threat which is haunting scientists
since discovery of Penicillin[3,4].

Gram negative bacteria such as Escherichia
coli, Acinetobacter baumannii, Klebsiella pneumoniae
and Pseudomonas aeruginosa cause serious diseases
and are constant threats for human population as
reported by US intensive care units in 2008 that
13,74,13 and 17% respectively ,of isolates of these
bacteria were resistant to multidrug[5]. While among
these resistant pathogens E.coli and K.pneumoniae are
notorious for producing extended spectrum f

lactamases and carbapenemases making them resistant
to B lactam drugs, carbapenems and cephalosporins, that
are supposed to be last hope for such resistant
bacteria[6,7,8]. Chronic infections like cystic fibrosis
caused by P.aeruginosa and urinary tract infections
caused by E.coli strains are difficult to treat with
present antibiotics. Hence, available antibiotics and
treatments for gram negative bacterial infections are
confined [9, 10].

The main causes of resistance are inappropriate
use of antibiotics and resistance mechanisms exploited
by bacteria. In addition to cause problem of resistance,
overuse of antibiotics also disturbs normal microbiota
of gut. Hence this is need of time to dig and explore
alternatives for traditional resistant antibiotics which are
natural and safe for human consumption resistance.
Many sources and substances like plant derived
compounds, probiotics, microbial peptides and
bacteriophages have been explored for novel and
innovative antimicrobial properties.

Bacteriocins which are ribosomally produced
peptides of bacterial origin particularly stand out as an
excellent and viable substitute for resistant antibiotic
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strains. They are proteinaceous substances that inactive
and kill bacteria other than producer strains. They are
secondary metabolites of bacteria produced during
stationary phase of bacterial growth cycle. Both gram
positive and gram negative bacteria produce
bacteriocins but lactic acid bacteria (LAB) are most
important producers. There are numerous bacteriocins
produced by wide range of bacteria and classified on
basis of their mode of action, producer bacteria,
spectrum of activity and molecular masses [11].
Bacteriocins possess narrow spectrum of activity
showing activity against specific bacteria but spectrum
can be enhanced to other bacterial species. Bacteriocins
are natural antimicrobials as compared to other
antibiotics and have been part of human food since old
times [12]. Bacteriocins, particularly nisin, are declared
as safe for human consumption and have showed
variety of applications in medicine and food
preservation technology.

Bacteriocins are now considered as better substitute for
treating chronic and multidrug-resistant infections. It
has been observed that bacteriocins encoding genes are
present in many gram negative pathogens like E.coli,
P.aeruginosa and K.pneumoniae [13].Bacteriocins are
very specific antibacterial as they kill only those
bacteria which are closely related to producer strains
because they compete with close bacteria for nutrients
and inhibit them in process [14]. This competition is
cause of bacteriocins dependant Kkilling of highly
pathogenic gram negative rods. This extraordinary
specific nature of bacteriocins makes them highly
attractive therapeutic agents against chronic infections
caused by gram negative bacteria. One basic issue
related to traditional antibiotic treatment is killing of
broad range of bacteria resulting in impaired microbiota
[15]. But narrow spectrum of activity of bacteriocins
acts like blessing in disguise in this scenario and only
bacteria responsible for infections are identified and
targeted specifically [15].

Classification

Bacteriocins are present in both gram positive
and gram negative bacteria and bacteriocins from both
types of bacteria are classified in various classes.
Bacteriocins from gram positive bacteria are divided

into four classes. In class I, there are bacteriocins with
unusual peptides, lanthionine and methyllanthionine.
They are also called lantibiotics because of presence of
lanthionine and methyllanthionine [16]. Most prominent
bacteriocin included in class | is nisin which was
discovered in 1928 and only bacteriocin which is
declared safe by FDA. Other examples of class |
bacteriocins include subtilin, enterocin AS-48, enterocin
A and pediocin Ach.

Class Il bacteriocins contain unmodified
peptides with usual amino acids and hence group is
called as non lantibiotics. This class is further divided
into four subclasses. Bacteriocins included in this class
are less than 10kDa and examples include pediocin,
pediocin PA-1 and lactacin.

Class Il bacteriocins are heat labile and larger
than 10kDa [17]. This class is subdivided into
bacteriolysins that lyses bacteria and non-lytic
bacteriocins. One  well studied example of
bacteriolysins is lysostaphins. Bacteriocins included in
class IV are complicated molecules as they contain lipid
and carbohydrates. Examples of class IV bacteriocins
are leuconocin and plantaricin S.

Bacteriocins of gram negative bacteria are
mostly produced by enterobacteriaceae. These
bacteriocins are divided in two classes on the basis of
molecular masses. High molecular mass bacteriocins
include colicins and low molecular mass bacteriocins
include microcins.

Mechanism of action

Traditional antibiotics exhibit five major
mechanisms for inactivation of microbes. These
mechanisms are (i) Inhibition of cell wall synthesis; (ii)
inhibition of cell membrane function (iii) Disruption in
protein synthesis (iv) Inhibition of DNA transcription
and replication and (v) Folate synthesis inhibition.
Bacteriocins can inactivate bacteria by using four of
these reported antibiotic targets and some innovative
mechanisms of their own such as septum formation.
Figure-1 shows targets of traditional antibiotics and
bacteriocins with examples of each.
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Fig-1: Various targets for antimicrobial agents

Bacteriocins  show antimicrobial activity
against bacteria which are closely related to each other,
spores and even fungi [18].

Action on cell wall synthesis

Cell wall is considered as an excellent target
for antibacterial activity as it is structure which is
conserved to only bacteria and not exists in mammalian
cells. P lactam drugs that include penicillin,
cephalosporin, monobactam and carbapenems inhibit
cell wall synthesis by inhibiting transpeptidation during
final cross linking. But bacteria have developed
resistance against these drugs by producing degrading
enzymes such as penicillinases and carbapenemases
[19]. Due to this emerging problem of resistance it is
strongly needed to explore other antimicrobials. In this
regard, bacteriocins have proved to be an applicable
alternative particularly lantibiotics but still sub
inhibitory levels of lantibiotics for longer periods can
induce resistance [20].

Nisin A, synthesized by Lac. lactis, is
bacteriocin which inhibit cell wall synthesis either by
docking to lipid Il in membrane which is precursor in
cell wall synthesis or by forming pores in membrane
leading to death of cells. First mechanism is
bacteriostatic and second is bactericidal at high
concentration [21]. Nisin exhibit an effective
antimicrobial activity against gram positive bacteria
making it useful in pharmaceutical as well as food
industry.

Inhibition of DNA synthesis

There is structural difference between human
and bacterial DNA gyrase and thus suitable site for
antibiotic action [22].Quinolones are antibiotics that
inhibit DNA synthesis by preventing decatenation of
DNA during replication. Bacteriocins such as microcin
B17 possess same mechanism of inhibition but it is still
not applicable for human use [22].
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Interference with protein synthesis

Another important mechanism exploited by
antimicrobial agents is inhibition of protein synthesis.
They inhibit protein synthesis at 30S ribosomal unit
such as tetracycline and amino glycosides and some
inhibit by binding at 50S ribosomal unit that include
chloramphenicol, clindamycin, erythromycin and
linezolid. These antibiotics interfere in protein synthesis
at various steps like inititiation (linezolid), elongation
including aminoacyl tRNA entry (tetracycline),
proofreading (aminoglycosides), peptidyl transfer
(chloramphenicol, macrolides) ribosomal
translocation(macrolides, clindamycin) and
termination(macrolides).

Bacteriocins particularly colicins also inhibit
protein synthesis by interfering with translation of
proteins at various steps. These bacteriocins including
colicins E3-E6 and cloacin DF13 exhibit rRNase
activity at 16S [23,24]. Group E colicins possess
endonuclease activity and they inhibit translation by
acting on 3’ end of the coding sequence and cleaving
16S rRNA [25]. Some colicins like D and E5 are
tRNases and they act by increasing exhaustion of tRNA
resulting in limited protein synthesis [26].

Disruption of membrane structure

Some antimicrobials inactivate bacteria by
interfering with synthesis of peptidoglycan layer that
culminate into poor membrane integrity. These
antibiotics include B lactam drugs which are so far most
susceptible to resistance. Bacteriocins cause disruption
in integrity of membrane by docking to lipid Il site and
forming pores those results in leakage of cell contents.
One prominent bacteriocin in this regard is nisin and
others are Bac-GM17, PInJ/K, PInE/F, Pep5,
geobacillin | and epidermin. Some bacteriocins like
lacticin Q do not act by docking on lipid Il rather they
act by formation of toroidal pores through lipid flip flop
resulting in leakage of proteins and other contents from
cell that causes cell death[27,28].Similarly another

Available Online: http://scholarsmepub.com/sjpm/

222


http://scholarsmepub.com/sjpm/

Hannana Maryam et al.; Saudi J. Pathol. Microbiol.; Vol-2, Iss-7 (Jul, 2017):220-227

bacteriocins, carnocyclin A, directly interacts with lipid
bilayer and forms ion specific pores in membrane[29].

Septum formation: An unconventional target

Bacteriocins not only exploit all four
mechanisms used by traditional antibiotics but they also
exhibit unconventional mechanism of inactivating
bacteria which makes them highly attractive alternative
of traditional antibiotic. This novel mechanism is
formation of septum which is in growth of mucopeptide
layer and cytoplasmic membrane during mitosis.
Bacteriocins act during cytokinesis resulting in
formation of bulge and termination of cell cycle [30].
Two bacteriocins have been known yet to demonstrate
this mechanism of antimicrobial inactivation. These two
bacteriocins are lactococcin 972 that shows activity
against closely related lactococcus species and garvicin
that inhibit lactococcus graviae strains [31,32].

Applications of bacteriocins as an alternative to the
antibiotics
Bacteriocins against Multidrug Resistant Bacteria
Due to the excessive use of antibiotics,
emergence of antibiotic resistant bacteria has become
the major issue. Some bacteria like methicillin-resistant
S. aureus (MRSA) and vancomycin-resistant
enterococci (VREs) are tremendously causing
nosocomial infections as they are resistant to a number
of antibiotics that are usually used to treat these
infections [33]. Control and treatment of multidrug
resistant organisms induced infections is the major
challenge in pharmaceutical industry. Bacteriocins can
be an alternative of conventional drugs against these
resistant bacteria [34]. Class 1 bacteriocins (Nisin) are
most common and most studied bacteriocins. Nisin has
ability to cause lysis of many resistant organisms
including different strains of S. aureus, Streptococcus
pneumoniae and vancomycin-resistant E. faecalis and
E. faecium [35]. Nisin when used in combination with
other antibiotics (cell wall synthesis inhibitor) shows
synergistic effects [36]. Combination of nisin and
vancomycin is also effective different strains of VRE.
Other bacteriocins which are effective against multidrug
resistant strains include Lacticin 3147, leucocin A,
microbisporicin, pediocin and mersacidin [37]. Lacticin
3147 and pediocin have activity against VRE while
Nisin has activity against MRSA [38]. Another
bacteriocin, produced by Streptococcus mutans,
lantibiotic mutacin 1140 has bactericidal activity
against vancomycin- and oxacillin- resistant S. aureus,
while it has bacteriostatic activity against vancomycin-
resistant E. faecium [39].

Bacteriocins for Peptic Ulcers Treatment
Helicobacter pylori are a major cause of
duodenal and gastric ulcers. Usually, a combination of
two or three drugs is used for treatment of infection
caused by H. pylori. In a study done by Ishihara in 1997
it was shown that some oral bacteria have inhibitory
effects on H. pylori [40].The research showed that some

strains of oral streptococcus (S. mutans, S. sobrinus)
can inhibit the growth of H. pylori. Inhibitory effect of
these stains was affected after trypsin treatments which
showed that the responsible molecules were
bacteriocins. Some bacteriocins have been tested
already. As bacteriocins are stable at acidic pH, their
use in vivo can be advisable. Bacteriocins do not affect
gut normal flora as they are sensitive to digestive
proteases. Several lantibiotics (class | bacteriocins) have
shown in vitro activity against different strains of H.
pylori. These bacteriocins include Lacticins A164, nisin
A, JW3, NK24, pediocin PO2, and leucocin K [41].
Some class Il bacteriocins (non lantibiotic) have also
been tested in vitro, like bulgaricin BB-18 which is a
pediocin-like molecule (class 1la) or class llb
bacteriocin, the putative lactacin F, a two-component
bacteriocins [42].These bacteriocins can reduce side
effects of chemical therapy when used in combination
with antibiotics.

Bacteriocins in the Oral Cavity

Plaque-related oral diseases are the most
common bacterial infection in the oral cavity affecting
human. Different species of Gram-positive bacteria, the
Streptococcus mutans and S. sobrinus, are the causative
agents. 95% of the world population is affected by
dental caries. Gram-negative microorganisms like
Porphyromonas and Prevotella are cause of
inflammatory oral diseases. Dental caries can also be a
cause of cardiovascular complications when the patient
is immunocompromised. Conventionally, acrinol and
chlorhexidine have been used for treating such
infections but due to emergence of resistance, some
additional treatment is required [43]. Bacteriocin
producing bacteria can replace oral pathogens. In the
oral cavity, bacteriocin producing bacteria may have
advantageous effects as they produce some
antimicrobial peptides that can inhibit pathogens by
stimulating of the immune system and reducing the
formation of biofilms [44]. For instance, colonization of
a mutacin-producing strain of S. mutans can compete
with other plaque-forming strains for growth and
survival. For treating pharyngeal infections and dental
caries caused by Streptococcus pyogenes, bacteriocin
(Salivaricin) producing strains of S. salivarius have also
been successfully assayed [45]. Purified baceriocins
Combination of purified bacteriocin and traditional
antimicrobial drugs like triclosan, chlorhexidine have
also been tested. Lobos showed positive results in vitro
on combination of antibiotics and Pseudomonas sp.
PsVP-10 bacteriocin [46]. Moreover, Nisin is also
effective in gingivitis. Researchers are trying to develop
delivery systems of antimicrobial peptides for the
mouth. An antimicrobial peptide, KSL-W, is tested in
chewing gums for the delivery in to oral cavity [47].

Bacteriocins in Skin

S. aureus and Streptococcus spp. cause a
number of skin and soft tissue diseases like abscesses,
mastitis, cellulites, folliculites, impetigo, furuncles, or
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erysipela. Enterobacter, pseudomonas, Klebsiella, or
Proteus can also cause skin diseases in the
immunocompromised patients. Most strains of these
organisms are resistant. Bacteriocins application is best
replacement of antibiotics. For instance, bacteriocin
produced by Lactococcussp. HY 449 has shown
inhibitory effects on some common skin pathogens such
as S. aureus, S. epidermidis, several streptococci,
Propionibacterium acnes, and some strains of
Pseudomonas [48]. When enterocin ESL5 was used in
an ointment for P. acnes induced infections, it showed a
reduction in the inflammation [49].

Bacteriocins against Mycobacterium

Tuberculosis (TB) is one of the most infectious
diseases in the world. Emergence of multidrug resistant
strains due to long duration of the antibiotic treatment is
the major challenge in medicine. Moreover,
mycobacterium has ability to escape phagocytosis as it
survives inside the macrophages. Bacteriocins are more
effective  against  mycobacterium  than  other
antimicrobial drugs. When nisin was tested against
Mycobacterium smegmatis, nisin formed pores in
membrane causing loss of intracellular ATP but the
effect of nisin was dependent on its concentration and
time duration [50].Many other bacteriocins have shown
positive results in vitro against mycobacterium as well.
Carroll et al. compared the effect of lacticin 3147 and
nisin on three isolates of mycobacteria [51]. Lacticin
3147 inhibited the bacterium growth more effectively.
Development of a drug-delivery system for bacteriocins
which have activity against TB can help in the treatment
for this disease.

Bacteriocins as Antiviral Agents

Wachsman (2003) showed that a bacteriocin
(enterocin CRL35) produced by E. faeciumCRL35, had
antiviral activity [52]. It was able to inhibit different
strains of herpes simplex virus type 1 and 2 in Vero
cells. Exact mechanism of action of enterocin CRL35
was unknown but it was reported that late stages of viral
replications were affected. Qureshi et al. assayed
activity of two bacteriocins, enterocins AAR-71 and
AAR-74, produced by E. faecalisAAR-71 and AAR-74
[53]. These bacteriocins had activity against phages
mostly coliphage HAS. Another bacteriocin that was
isolated from a Turkish fermented beverage boza also
showed activity in vitro against herpes simplex virus
type 1(HSV) [54]. Recently, different strains of lactic
acid bacteria have been isolated from human breast
milk that is affective against HIV-1 isolates [55]. The
results show that bacteriocins have ability to control and
prevent viral transmission in lactant children.

Bacteriocins as Antifungal

A few bacteriocins have been reported as
antifungal agent due to their inhibitory effects on yeast
and molds. They are now commonly used as food
preservatives. A subspecies Lactobacillus is reported to
produce a proteinaceous compound with antifungal

activity. The compound had similar characteristics as
that of class Il bacteriocins [56]. Another bacteriocin
(Pentocin TV35b) that is produced by Lactobacillus
pentosus also has antifungal effects especially against
Candida albicans [57]. Recently, it is reported that
Nisin Z has ability to inhibit the growth C. albicans by
interfering with its adhesion and transition [58].The
results showed that Nisin can be used as antifungal
peptide.

CONCLUSION

Emergence of antibiotic resistance has become
a serious issue due to inappropriate use of antibiotics.
So scientists are trying to find some alternative to
antibiotics. Bacteriocins are antimicrobial peptides
which are safe to use as they are naturally produced
ribosomally. Besides having applications in food
industry, bacteriocins have been proved useful in the
pharmaceutical industry. Bacteriocins are effective
against many bacteria including MRSA, VRE and
MTB. Recent studies show that bacteriocins can also
serve as antiviral and antifungal peptides. Effect of
bacteriocins in cancer therapy is also under
investigation. Combination of bacteriocins with
conventional drugs has shown synergistic effects.
Eventually, bacteriocin has become helpful tool in
therapeutic field due to its multifunctional properties.
Bacteriocins proved as a replacement of antibiotics. An
understanding of its proper production and isolation is
important to use it in clinical settings.
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