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Abstract

Microbial adhesion and pathogenesis result in serious problems in world. In case of infectious
diseases in human being, there is an epidemiological issue, on another hand, if microbes infect
poultry and crops, there is a huge economical and nutritional loss. Antibiotics used to control this
microbial pathogenesis but the excess use of antibiotics and other chemical compounds in intensive
animal production have several side effects and results in increased antibiotic resistance day by
day. Antimicrobial resistance becomes a great problem in the world. Scientists are seeking for the
product which can be used as alternative to the antibiotic with less side effects. Bacteriocin is such
a type of peptide which works when bacteria become resistant to some antibiotic. It is ribosomaly
synthesize antimicrobial peptide by gram positive and gram-negative bacteria. Various types of
bacteria produce different type of bacteriocins. They have different antimicrobial spectrum.
Spectrum of antimicrobial activity varies from bacteria to bacteria. Due to their proteinaceous
nature they are harmless to human gastrointestinal tract. Bacteriocins are used to treat many
infectious diseases in animals and human beings. It has wide application in food industry to prevent
the growth of pathogenic bacteria. Nisin was the first bacteriocin used in the food as the research
advances novel bacteriocins introduced which are being used in food industry for the preservation
of food. Moreover, it has wide application in pharmaceutical industry. Bacteriocins are gaining
attention in the recent era due to their unique mode of antimicrobial action and wide application
in various industries.
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Food spoilage due to microbial adhesion is a
great problem. Due to food spoilage there is
not only a nutritional loss but also an
economical loss [1]. Chemical preservatives
are not appropriate due to their hazardous
effects on human health. It is very important
to resolve this problem to fulfill the food
requirement of rising world. In this era,
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being used to preserve the food [2]. To
manage the economic loss, use of
bacteriocins as preservative in the food
industries is a satisfactory approach. In the
recent world, bacteriocins application are
gaining interest as they are generally
regarded as safe (GRAS) by the food
authority and World health organization [3].

460


http://dx.doi.org/10.19045/bspab.2018.700205
mailto:aishawaheedqureshi@lgu.edu.pk
http://dx.doi.org/10.19045/bspab.2018.700205

Moreover,  bacteriocins due to its
proteinaceous nature implies a putative
degradation in gastrointestinal tract of human
beings [4] therefore, these bacteriocins aid
colonization in the digestive system [5].
Function of peptides can be affected by
various  factors including proteolytic
degradation, non-polar and polar food
components and fat contents, sodium
chloride concentration and pH [6].
Bacteriocins are not only effective against the
closely related organisms but also effective
against organisms like mycobacterium,
viruses and fungi. Its potential applications
have been studied specially in food industry
as bio preservative from many years [7], [8].
Moreover, bacteriocin as an antimicrobial
agent has been exploited in various fields as
their influence against various pathogen
related to veterinary and human disease [9],
[10], [11].

Background of bacteriocins

It was first reported in 1925, that the
antibacterial substance produced by the E.
coli have capacity to inhibit the other strains
of same species reported by André Gratia
[12]. It was thought that the compound
produced from bacteria called colicin and are
responsible for the inhibitory effect. After
that in 1928, it was observed certain
Lactococci strains ability to inhibit other
LAB strains [13]. According to Mattick and
Hirsh, studies in 1947 [14], Lactococcus
lactis subsp. Lactis produced an inhibitory
substance which called as nisin which has
inhibitory effect on prokaryotes [15]. In
1953, nisin was initially marketed, purified
and termed as bacteriocin [16] and regarded
as safe Food Additives in 1969 by the Joint /
World  Health  Organization  Expert
Committee/ Food and  Agriculture
Organization. In the list of food additives,
nisin was added in Europe in 1983 and it was
used in processed cheese authorized by the
American Food and Drug Administration
(FDA) in 1988 [17]. Firstly, nisin was
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approved to be used in food by FDA while as
the research advances pediocin have also
been wused in industrialized foods as
preservative obtained from Pediococcus
parvulus, Pediococcus acidilactici and
Lactobacillus plantarum WHE92 [18]. As
reported by Yi [19] Lactobacillus crustorum
MNO47 synthesize a bacteriocin BMP11
which has a rich a-helix confirmation.
Bacteriocin was purified through HPLC
(high performance liquid chromatography)
and ion exchange chromatography and when
it tested against food borne pathogen showed
minimum inhibitory concentration MIC
value of 0.3-38.4 ug/ml. Moreover, it was
noted that BMP11 had a bactericidal mode of
action. Transmission electron microscope
and scanning electron microscope (SEM)
results showed that BMP11 destroyed the
pathogen cell envelop integrity with cell
membrane permeability ad cell wall
perforation.  Cells envelop integrity
destruction further identified through lactic
dehydrogenase release and propidium (PI)
uptake. Meanwhile, in milk it inhibits the
growth of Listeria monocytogen and exhibits
the antibiofilm formation activity. Therefore,
BMP11 has a potential to act as antimicrobial
and used as preservative to control the
foodborne pathogen in dairy product [19].
Classes of bacteriocins

The heterogenous group which are peptides
synthesized ribosomally [3] mainly divided
into three classes, | Il and Il [20] but
advanced studies further categories them into
further classes and subclasses. They are
classified on the basis of their structural and
physiochemical properties. Recently
bacteriocins have been divided into four
categories. Class | bacteriocins, the
lentibiotics [21] are broad spectrum peptides
like nisin; inhibit the growth of gram-positive
spoilage microbes and food borne pathogens.
Class Il bacteriocins are the small heat stable
non lantibiotics which have narrow
antimicrobial spectrum. Garviecin LG34 is a
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class Il bacteriocin consisting of 46 amino
acid residues which exhibit inhibitory
activity against gram negative and gram-
positive bacteria. Enterocin CRL35 is
another class Il bacteriocin with anti-Listerial
activity [6], [22]. Class Il bacteriocins are
large heat labile, break down the cell wall of
bacteria in an enzymatic manner and are
usually endopeptidase. Class IV bacteriocins
are composed of lipids, carbohydrates and an
undefined mixture of protein [21]. Class IV
bacteriocins are complex bacteriocins and are
sensitive to lipolytic and glycolytic enzymes
like leuconocin S and plantaricin S.

Mode of action of bacterial bacteriocins
Antimicrobial ~ peptides  produced by
prokaryotes that kills or inhibit phylogenetic
related  microorganisms  are  called
bacteriocins [23]. The action of bacteriocins
may be as antimicrobial, colonizing or
signaling peptides [24]. They mostly form
pores on the cell membrane of pathogen
whereas their proteinaceous nature let them
degrade efficiently and rapidly. Thus, the
chance of developing resistance like
antibiotics become minimized [22]. Lactic
Acid Bacteria (LAB) are studied extensively
due to their potential in bio-preservation by
producing bacteriocins [8, 24]. It has been
predicted that~99% of all bacteria synthesize
at least one bacteriocin, with a length of
minimum10 amino acids or as long as 688
residues [25]. However, due to multidrug
resistance of bacterial clinical strains, the use
and application of bacteriocins is gaining
more interest [23]. Since the past decade, the
reported bacteriocin number has been
increased significantly. The high potential of
these antimicrobial peptides has expended
uses in the pharmaceutical and food
industries, in apiculture and agriculture [23,
26]. In recent years, attention is given
towards these antimicrobial compounds as
they are significant as bio-preservative and
substituted for chemical preservatives used in
food. They have potential to improve the

462

shelf life of food as well. The equilibrium is
attained by their inhibitory activity upon
pathogenic bacteria [21].

Different types of bacteria produce different
types of bacteriocins that make them distinct
from other species of bacteria. Bacteriocins
synthesized by LAB (Lactic Acid Bacteria)
have variable spectrum of activities. Many
bacteriocins are small sized molecules with
high isoelectronic points and amphipathic
characteristics [27]. The cell produces
bacteriocins have specific immunity proteins
due to which they are resistant to these
antimicrobial peptides [24, 27-29]. LAB
(Lactic acid bacteria) are very crucial as they
prevent the growth of pathogenic [30] as well
as spoilage microbes in food product through
the production of acids and antimicrobial
agent thus improve the quality and safety of
fermented foods [7, 31, 32]. Two LAB
species Lactobacillus sakei and
Lactobacillus curvatus plays significant role
in the accelerated maturation of fermented
meat products and improve flavor. These two
species are present in a variety of fermented
meat products as their microbiota.

The action of bacteriocin is similar that they
replace the structural protein or by
bacteriocin antagonistic competition for the
receptor [7, 33]. A recent study revealed that
the bacteriocin receptor altered with the
bacterial membrane structural modifications
[34]. Moreover, it was noticed that the
additive used with bacteriocin significantly
increases it activity [35]. Various classes of
bacteriocins have different mode of actions
and functions. Functions of class |
bacteriocins are to disrupt the membrane of
the target (pathogens) by interaction of the
peptide with the chiral receptor [36], they are
ribosomally produced and post translational
peptides (RiPPs), during their biosynthesis
they undergo enzymatic modification [3]. In
case of class Il, cleave the peptide tab. or
membrane translocation is facilitated by
accessory proteins.
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Biosynthesis of bacteriocins

Functional analysis of bacterial genome of
bacteriocins producing bacteria revealed that
the cluster of genes are located on their
chromosomes or carried on plasmids. These
encoded proteins are responsible for the
biosynthesis of these peptides [37].
Microorganisms synthesize the bacteriocins
usually in inactive form (pre-peptides) and
they have sequence guide at N-terminal [38].
In class Il bactriocin family contain
conserved motif ‘YGNGVXC’ on N-
terminal [39]. They have a covalent linkage
to form their peptide backbone [37]. The
precursor (pre-peptides) synthesized during
the bacterial exponential growth phase and
transported to cell surface and converted to
active form enzymatically. The carrier
contains two terminals C and N (peptidic
portion), C portion responsible for energy
supply and ATP hydrolysis while guide
peptide cleavage on N terminal [40].
Accessory proteins facilitate the cleavage of
peptide or help in membrane translocation.
Three components a response regulator, an
inducing peptide (or pheromone-activating
factor) and the transmembrane histadine
kinase (pheromone receptor) are involved in
regulating the bacteriocin production system
[41]. The ribosome synthesizes the inducer
peptide which is secreted in the external
environment, outside the cell and cleaved by
the carrier system [7]. Transmembrane
histadine kinase is activated when the
threshold  concentration of compound
(inducer peptide) is reached, that leads to the
histidine residues autophosphorylation, thus

phosphate is transferred to a response
regulator protein [7]. Bacteriocin
transcription  is  activated by  the

phosphorylated regulator (sigma factor sigXx)
[42]. The positive feedback is initiated by the
regulatory system [41] and bacteriocins itself
act as pheromone and regulated the
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production of Lantibiotics like subilin and
nisin, at high level [43].

Microbial sources of bacteriocin
Bacteriocin producing bacteria can be
isolated from different ecological sources
like water, food (yogurt and milk), stool
sample (healthy infants), soil and clinical
samples. From these samples approximately
54.3% have ability to produce bacteriocin
[44]. Furthermore, bacteriocin producing
bacteria have been reported to be isolated
from malt [45], fermented food products
[46], traditional Chinese fermented cucumber
[47], meat [48], gastrointestinal tract of
chicken [49], traditional Ethiopian fermented
beverages [50], chicken ceca [51], Tibetan
kefir [52], human, porcine, and avian gastro
intestinal tracts (GIT) [53], marine biofilm
forming bacteria [54], poultry products [55],
fermented meat and fish products [56],
molasses [57], fermented fish roe [58],
fermented meat [59], fermented food [60],
Sturgeon (popular Italian fish), koumiss [61],
natural fermented cream [62] and flounder,
cutlassfish, sea bass and turbot [30].

Some important species which produce
bacteriocin are Lactobacillus amylovorus
DCE 471 [63], Lactococcus lactis subsp.
Lactis [55], Lactobacillus plantarum [64],
Lactobacillus [50], Lactobacillus salivarius
[51], Lactobacillus paracasei  subsp.
Tolerans [52], Lactococcus garvieae LG34
[47], Lactobacillus crustorum MNO047 [61],
Lactobacillus alimentarius [48],
Lactobacillus casei [60] and Lactobacillus
plantarum [30].

Some bacterial species that have been
reported to produce bacteriocins are:
Pediococcus acidilactici [45], Enterococcus
faecium C1 [46], Enterococcus faecalis [49],
Pediococcus spp [65], W. cibaria N23 [56],
E. faecium CN-25 [58], Lactobacillus spp,
Lactococcus spp, Enterococcus spp. or
Pediococcus spp [59], Enterococcus faecalis
LD33 [62], Bifidobacterium animals BB04
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[66], Haemophilus haemolyticus [67] and
Bacillus subtilis SN7 [68].

Bacteriocins: A natural way to combat
with pathogens

Bateriocins are the peptides which interfere
with the structural proteins of the target
pathogen. The interaction of various classes
of bacteriocins with its target is diverse.
However, the conjugation of bacteriocins
with the incorporation of drug delivery
system is recently expanding field [69].
Bacteriocin is considered as “designer’s
drugs” that means they attack on specific
pathogen [70]. Bacteriocins have ability to
tolerate  acidic  condition in  acidic
environment of gastrointestinal tract GIT. It
can be applied to control the growth of lethal
microorganisms like L. monocytogen.
However, in Amado study [71] it was
reported that the use of bacteriocin (pediocin
SA-1) have ability to inhibit the growth of L.
monocytogen  while  enhancing  the
fermentation quality by promoting the
growth of spontaneous fermentation and

bacterial communities by their aerobic
stability [72]. Some bacterial species
displayed high potential of synthesizing
bacteriocin like Staphylococci,

Pseudomonas, Proteus and Lactobacillus.
Bacteriocin produced by Pseudomonas
aeruginosa SA 188 named as pyocin not
respond to lipolytic and proteolytic enzymes.
Moreover, metal salts and organic solvents
have no effect on bacteriocin production

profile [44].
LAB produced bacteriocins are well known
for their efficiency against Listeria

monocytogenes, which in the last decade is
responsible for many food related outbreaks.
In current classification of bacteriocins [73],
as reported by Vogel [74] a specific class of
bacteriocin is dedicated as anti-Listeria
activity while there is a serious issue to
control Listeria monocytogenes in processed
food as they have potential to grow in
condition like salt concentration, low pH and
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the presence of nutrients applied during the
manufacturing of dry fermented product.
According to [75] bacteriocin  for
preservation of food is increased in food
industry as it is the technological alternative
to chemical preservative. Lactic acid bacteria
(LAB) synthesize a wvast variety of
antimicrobial peptides (bacteriocins) which
have significant contribution towards the
safety and preservation of fermented foods
[76]. Bacteriocins produced by
entomopathogenic Bacillus thuringiensis are
getting more attention owing to their
inhibitory activity against an extensive
variety of pathogenic microorganisms [77].
Antibacterial activity

Various bacteriocin producing bacteria have
different antimicrobial spectrum as the
bacteriocin produce by different bacteria
have different properties. The antimicrobial
spectrum of bacteriocins depends on the
structural and physiochemical properties of
bacteriocins.  Different kinds of bacteria
produce different types of bacteriocins like
bacteriocin  produced by Pediococcus
acidilactici  strain HWO01 have wide
antimicrobial activity over a wide range of
pH (2-11) as well as to inhibit a wide range
of  gram-positive  bacteria  including
pathogenic bacteria like, Streptococcus
mutans, Staphylococcus aureus, L. innocua,
Listeria monocytogenes and Lactobacillus
curvatus [45]. Nisin A inhibits the growth of
Listeria monocytogenes [3]. Bacterial species
producing bacteriocins against pathogens are
shown in (Table 1)

Antifungal activity

Bacteriocins not only inhibit the growth of
bacteria but also inhibit the growth of fungi
[78]. Spoilage of food and agricultural
commaodities due to molds is very significant
for causing economic losses. Molds
destroying more than thirty percent crops in
developing countries while they produce
potentially toxic compounds known as
mycotoxins which have ability to cause
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illness or death in consumers [79]. According
to the study of [80], it was observed that
Bacillus subtilis C9 inhibits the growth of
plant pathogen Rhizoctonia solani [80].
Furthermore, fungi are ubiquitous in nature
and have ability to colonize on various
substrates therefore it has high incidence of
mycotoxins and molds contamination in food
[81]. Lactic acid bacteria (LAB) synthesize a
wide variety of secondary metabolites like
bacteriocin and organic acids which inhibit
microbial growth [82]. Most of Lactic Acid
Bacteria reported in past decade as a potential
source of antifungal compounds and various
studies have showed that various LAB
isolates have the significant potential to
control the fungi proliferation in many feed
and food materials [83-87]. In another study
it was reported that the Lactic Acid bacteria
have significant potential in preservation of
food and used as an antifungal biocontrol
agent [88].

Bacteriocin and viruses

Bacteriocins are also active agent against
viruses. All living organisms are majorly
affected by pathogens like viruses [89]. They
may involve in extensive public health
problems e.g; polio virus and its eradiation in
developing countries is a challenge [90, 91].
Moreover, Herpes simplex viruses (HSV)
[92] resistant against available antivirals [93-
95]. Isolation of lactic acid bacteria from goat
milk (four Enterococcus durans: GEnN17,
GEn09, GEnl4 and GEnl2 and two
Lactococcus lactis: GLc05 and GLc03) were
tested for cytotoxicity in Vero cells (50%
Cytotoxicity Concentration: CC50), and for
their antiviral activities against Poliovirus
(PV-1) and Herpes simplex virus 1 (HVS-1)
strains. Semi-purified bacteriocins presented
low cytotoxicity, with CC50 varying from
256.2 pg/mL (GLc05) to 1,084.5 pg/mL
(GEn14) [96]. CC10 were determined for all
isolates (GLc03: 36.9 ug/mL; GLc05: 51.2
ug/mL; GEn09: 88.1 pug/mL; GEnl2: 99.9
pug/mL; GEnl4: 275 pg/mL; GEnl7: 62.2
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pg/mL) and considered for antiviral activity
assays. Antiviral activity before virus
adsorption was noted against HSV-1 for
GEn14 (58.7%), GEn12 (27.9%), and GEn17
(39.2%) and against PV-1 for GLc05 (4.9%),
GEN09 (3.4%), GEn12 (24.7%) and GEnl17
(23.5%). Antiviral activity after virus
adsorption was identified against HSV-1 for
GEn17 (71.6%) and against PV-1 for GLc05
(32.7%), GEn09 (91.0%), GEn12 (93.7%)
and GEn17 (57.2%). The results indicate that
some bacteriocins potential in viral inhibition
and their application as new antiviral agent,
especially these produced by E. durans
strains [96].

The potential of cell free supernatant and
bacteriocins as antiviral agent is very high. It
is effective against influenza A virus
A/WSN/33 (H1N1), murine norovirus S99
(MNV), feline herpes virus KS 285 and
Newcastle disease virus Montana [97].
According to the study of Lange-Starke [97],
cell free supernatant of Lactobacillus
curvatus strain in 1:10 ratio was effective
against HIN1 and MNV. Virus reduction
was recorded after incubation of 3 days at
24°C [97]. The efficacy and safety a
subtilosin-based nanofibre formulation have
also been evaluated against herpes simplex
virus type 1 [98]. Furthermore, it was
investigated [99] that the inhibitory activity
of a bacteriocin synthesized by a strain of
Enterococcus faeciumis able to inhibit the
late stages replication of Herpes Simplex
Virus (HSV-1 and 55 HSV-2).

Application of bacteriocins

The applications of bacteriocins increase as
the research increases on its structural and
functional attributes. With the passage of
time the importance of bacteriocin enhanced
is due to their significant role in various
industries. They have wide application
against pathogenic microbes [35], food
industry [2, 48] agricultural industry [24,
100] veterinary and pharmaceutical industry
[24].



Pure Appl. Biol., 8(1): 460-478, March, 2019
http://dx.doi.orqg/10.19045/bspab.2018.700205

There is significant application  of
bacteriocins in food industry as they are used
to preserve food. In food industry application
of bacteriocins can be classified into three
categories:  dairy, partially  purified
bacteriocins and others food grade fermented
products [101]. Nisin is a commonly used
bacteriocin for the preservation of food in
food industry. It is estimated that the nisin
which is commonly used in food industry
have lethal dose of 6950 mg/kg [102]. So, the
toxicological studies reveal that the nisin has
no toxic effect on human health. It is the
bacteriocin applied in food industry and has a
wide spectrum of antimicrobial activity
against pathogens [2, 7].

Brochothrix thermosphacta is a gram-
positive fermenting bacterium. It is a food
borne pathogen and decreases the shelf life of
packed food [103]. As reported by Hu [48],
bacteriocin producing bacteria Lactobacillus
alimentarius FM-MM4 isolated from the
fermented meat, exhibited wide range of
antimicrobial activity against gram-negative
and gram-positive bacteria as well as for
yeast [48]. It’s a novel bacteriocin produced
by the Lactobacillus alimentarius FM-MM4
which is thermostable while exposed to
121 °C for 15 min with 84.7% residual
antimicrobial activity. Moreover, it is stable
in pH 2-5. As the properties of lactocin
indicated that it has significant potential to be
used in food industry for the preservation of
food [48].

In seafood industry, marine bacteria have
been significantly used as probiotic and
antibiotics against Mycobacterium,
Pasteurella, Streptococcus, Cytophaga,
Vibrio and Aeromonas [104, 105, 106]. In
food industry, the bacteriocins applied on the
surface of sea food in the form of gel and
polyethylene film [107]. Thus, to retain the
synergistic action bacteriocinogenic strains

are used in combination with other
preservative and they directly incorporated
while packed [108, 109, 110].
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Carnobacterium divergens V41 have ability
to produce bacteriocin which can be applied
on cold-smoked salmon at commercial scale
to resist the growth of L. monocytogenes
[108]. The synergistic effect of various
bacteriocins has been proved safe for seafood
preservation [111-114].

Agriculture

Economically important plants have been lost
due to phytopathogens. The traditional
method to improve the growth of plants like
introduction of resistant cultivars and
breeding become limited due to genetic
resistance. A bacteriocin like colicin can be
used to control the growth of
phytopathogenic bacteria having a narrow
antimicrobial spectrum and can be used as
biocontrol in agriculture [100]. Now a days,
bacteriocins are also used to preserve the
grains [115] and also used to control pest in
the field. As reported by Tsuda [116] lactic
acid producing bacteria Lactobacillus
plantarum strain BY reduced the soft rot
disease in Chinese cabbage. This strain is
also used to control disease in potato, tomato
and onion. After the spray of Lactobacillus
plantarum strain BY on Chinese cabbage
leave it persisted on wound and inhibit the
growth of pathogens while it also proliferates
in the host tissue [116]. The results indicated
the application of Lactic Acid Bacteria as a
biological control as well as biofertilizer in
agriculture. They directly promote the seed
germination or plant growth and alleviate
numerous abiotic stresses [117].
Pharmaceutical industry

Due to increased antibiotic resistance of
pathogens in community there is a need to
find out novel antibiotics which are active
against multidrug resistance bacteria [56].
Various antimicrobial agent has been
introduced like bacteriophages, antimicrobial
peptides and bacteriocins etc. [118]. Phages
have an antimicrobial activity but they have
narrow host rang and phage resistance limits
its application while in case of bacteriocin
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applications are wide [55]. Bacteriocins are
the most natural and appropriate to be used
for pharmaceutical industry [7]. It attacks
primarily on the lipid which is necessary for
biosynthesis of cell wall. Use it as a docking
molecule (lipids I1) and thus forms a pore in
cell wall. Due to its unique mode of action
they are significantly used against most of the
drug resistant bacteria [119]. Like it has high
influence on drug resistance bacteria, for
example, (methicillin resistant
Staphylococcus  aureus) MRSA  and
vancomycin resistant enterococci [120].
Bacteriocin also used to treat skin diseases, as
the research reported that the bacteriocin
neither allergic nor irritating which has been
observed in human patch test. The
bacteriocin produced by Lactococcus spp.
HY 449 is a useful antimicrobial substance to
prevent the growth of Propionibacterium
acnea and to control acne and skin
inflammation [121].

Diagnostic applications of bacteriocins
Bacterial drug discovery potential of
bacteriocins had been well examined [122].
Specificity and affinity of recognizing of
necrotic and apoptotic cell is toward
phosphatidyl ethanolamine high by the
bacteriocin  technetium-99m  (99mTc)—
duramycin 123. Biomolecules labelling like
protein and DNA by fluorescent or
radioactive has been defined [123]. In human
peripheral blood Escherichia coli HSCIO
produced bacteriocin named as colicin used
in the differentiation and detection of

Hashim et al.

leukemic from normal lymphocytes. In flow
cytometry studies, bacteriocin affected cell
loss the DNA which can be detected by
computerized histogram [124]. By labeling
of pathogen with nisin, we can study the
pathogen mechanisms and  pathogen
detection has been visualized through
fluorescence ratio imaging microscopy [124].
Bacteriocin are also used in the detection of
pathogens like bacteria (gram- positive as
well as gram-negative), fungi,
mycobacterium. Moreover, novel complex
bacteriocins in combination with metals used
to detect pathogens and other biological
analytes [125].

In Pakistan bacteriocins producing bacteria
isolated from various indigenous sources like
dairy products [126], agricultural soil of
Faisalabad [127], fresh and marine water,
yoghurt [128]. These antimicrobials were
stable at wide range of pH (3-9) and showed
stability on boiling 100° C for 3 minutes.
They have high potential as a natural
preservative [126], biocontrol agent [127],
bacteriocinogenic potential against drug
resistant bacteria [129] of human and
veterinary diseases. Furthermore,
bactericidal action of cell wall was observed
under electron micrograph [130]. These
antagonistic activities of bacteriocins which
can be used as a beneficial research tool
against pathogenic microorganisms as an
antibiotics and useful  pharmaceutical
products [131].

Table 1. Bacterial species producing bacteriocins against pathogen

Pathogen reported Bacterial species producing bacteriocin Reference
pediocin SA-1 [132]
Pediococcus acidilactici NRRL B-5627, [72]
L. plantarum (Lb), L. plantarum + L. lactis (LbL), L. [72]
Listeria monocytogenes plantarum + P. acidilactici (LbP)
uC8159 LAB (Lactic Acid Bacteria) [59, 72, 127]
Lactobacillus curvatus 54M16 [132]
Lactobacillus (L) sakei [133]
Lactobacillus (L) curvatus
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Enterococcus (E) faecium

Bifidobacterium animals BB04 [66]
Enterocin CRL35 class lla bacteriocin [34]
Lactobacillus sakei subsp. sakei 2a [135]
Lactobacillus crustorum MNO47 [19]
L. mono-cytogenes bacteriocin fromL. plantarum ST8SH [59]
biofilm formation Lactobacillus paraplantarum FT259 [136]
Lactobacillus crustorum MNO47 [61]
Weissella hellenica BCC 7239 [61]
Lactobacillus plantarum (strains ST194BZ, ST414BZ
and ST664BZ)
Lactobacillus pentosus (strain ST712BZ)
Escherichia coli Lactobacillus rhamnosus (strains ST461BZ and [61]
ST462BZ)
Lactobacillus paracasei (strains ST242BZ and
ST284BZ)
Bifidobacterium animals BB04 [66]
Staphylococeus aureus Lactobacillus crustorum MNO47 [61, 134]
Bifidobacterium animals BB04 [66]
Pseudomonas Weissella hellenica BCC 7239 [137]
aeruginosa
Brochotrix Lactobacillus curvatus 54M16 [132]
thermosphacta
Salmonella spp LAB (lactic acid bacteria) [134]
Samonelia Weissella hellenica BCC 7239 [137]
yphimurium
Lactobacillus plantarum (strains ST194BZ, ST414BZ
and ST664BZ)
Lactobacillus pentosus (strain ST712BZ)
Enterococcus faecalis Lactobacillus rhamnosus (strains ST461BZ and [57]
ST462BZ)
Lactobacillus paracasei (strains ST242BZ and
ST284BZ)
Aeromonas hydrophila, Weissella hellenica BCC 7239 [137]
Bacillus cerus Lactobacillus curvatus 54M16 [132]
Campylobacter jejuni Lactobacillus salivarius [51]
Lactobacillus plantarum (strains ST194BZ, ST414BZ
and ST664BZ)
Pseudomonas Lactob_acillus pentosus (stra}in ST712BZ2),
aeruginosa Lactobacillus rhamnosus (strains ST461BZ and [57]
ST462BZ)
Lactobacillus paracasei (strains ST242BZ and
ST284BZ)
. Lactococcus garvieae, [47]
grgr;?rr:]esgtsicévk?airt]gria Bacillus spp [138]
Enterococcus faecalis [49]
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Lactobacillus paracasei subsp. Tolerans [52]
Lactobacillus casei (L. casei) [60]
Lactobacillus plantarum (strains ST194BZ, ST414BZ
and ST664BZ), Lactobacillus pentosus (strain
Lactobacillus casei ST712BZ), Lactobacillus rhamnosus (strains [57]
ST461BZ and ST462BZ) and Lactobacillus paracasei
(strains ST242BZ and ST284BZ)
. . (Listeria monocytogenes and Staphylococcus aureus)
Welsgglél ;gglgmca (Pseudor_nor)as ae_ruginosa, Aeromonas _hydrc_)phila [139]
Escherichia coli and Salmonella Typhimurium)
Fungi Lactobacillus paracasei subsp. Tolerans [52]
Yeast Bifidobacterium animals BB04 [66]
Bacillus spp [138]
Conclusion

Bacteriocins are the antimicrobial peptides
synthesized by bacteria for their survival.
These extracellular peptides are very
beneficial on industrial scale. They exhibit the
ability to inhibit the wide variety of
microorganisms. They not only inhibit the
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