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Microbes produce an extradinary array of microbial defense systems. These include
broad spectrum low molecular weight classical antibiotics, metabolic by-products,
lytic agents, numerous types of protein exotoxins, defense bacteriophages and
bacteriocins. Bacteriocins are defined as biologically active protein moieties with a
bactericidal mode of action, which are ribosomally synthesized. They can alter cell
membrane integrity and interfere with transcription, translocation or DNA replication.
They differ from traditional antibiotics in one critical way that they have relatively
narrow killing spectrum and are mostly toxic to bacteria, which are closely related
strains. The intrinsic property of bacterial strains has led to studies for their potential
use as bio preservatives, therapeutic agents and biocontrol organisms. In this review,
some of the aspects of bacteiocinogeny particularly their prevalence in microbial
world have been discussed.
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Introduction

Microorganisms produce a remarkable array of antimicrobial
substances which help them to compete in their limited environment
for nutritional resources. These antimicrobial substances include
broad-spectrum antibiotics, metabolic products (organic acids), lytic
agents (lysozymes), various exotoxins and bacteriocins. Bacteriocins
are biologically active protein moieties with a bactericidal mode of
action. Over the past few decades, extensive use of antibiotics has
led to the development of resistance in bacterial strains resistant to
antibiotics. The infections lead prolonged hospital stays and antibiotic
resistance are responsible for enormous economic and logistical
burden on the health care systems.! For example, in the United States,
the loss due to antibiotic resistance is estimated to be $US 3 billion
per year, with an associated indirect loss of approximately $US 30
billion. It is estimated that 74% of the gastrointestinal infections stems
from the contaminated food, with 68% of these cases involving meat
products.? Canada’s medical community reports over 5000-7000
confirmed cases of food poisoning annually. However, it is believed
that 2.3million cases of food-borne disease actually occur every year
in Canada. In turn, the financial toll of dealing with these infections
has been estimated at approximately $CDN 3.7 billion.> As such,
these properties make bacteriocins suitable and attractive for use as
food bio-preservatives.>* Under this circumstance there is need for the
use of newer antimicrobial agents in food preservation and discovery
of novel antibiotics to address this health related issue.

As a consequence of rising incidence of antibiotic resistance in
microorganisms, several research initiatives have begun to explore
the application of naturally produced and genetically modified
bacteriocins as alternative to the traditional antibiotics. The knowledge
has been acquired during the past two decades and new groups of
antimicrobial peptides have been discovered for the treatment of
bacterial and fungal infections. Bacteriocins are often considered more
natural in contrast to the currently used antibiotics, because they are
thought to be present in many of the foods eaten since ancient times.

Bacteriocins are ribosomally synthesized antimicrobial peptides that
are active against related species (narrow spectrum), or across genera
(broad spectrum). They are also involved in the host defense and cell
signaling mechanisms with bacteriocidal mode of action. Bacteriocin
producing organisms are immune to their own bacteriocins and that
are mediated by specific immunity proteins. They are produced by
Gram-negative and Gram-positive bacteria and some members of
the Archaea. There is also an ever-increasing interest in the use of
antagonistic bacteria as biocontrol agents for the management of
fungal and bacterial phytopathogens and, more recently, as probiotic
agents in food formulations.

The use of antibiotics for the treatment of animals suffering from
parasitic or bacterial infections is rarely questioned as long as the
diseases have been diagnosed correctly and the dosage and duration of
treatment follow prescriptive measures. But even for these therapeutic
applications, it would be desirable to find compounds with fewer ties
to human antimicrobials therapies. Reports on factors affecting the
production of bacteriocins are limited, except for Nisin, a well-studied
bacteriocin.>® Nisin and other bacteriocins produced by a variety of
Gram positive and Gram negative bacteria have received a great deal
of attention because they are considered to be beneficial for human
health and food production. The nisin is the only bacteriocin has
GRAS (Generally Recognized as Safe) status (21 CFR 184.1538)
among all the bacteriocins types so far reported. The present review
provides a general overview of bacteriocins, classification and
potential applications in human and animal health as alternatives to
conventional antibiotics.

Classification of bacteriocins

Bacteriocin family includes a diverse of proteins, varies in size,
microbial target, mode of action, release, and immunity mechanisms.
Bacteriocins are classified depending on their structures into three main
groups.”® Class I bacteriocins are lantibiotics (lanthionine-containing
antibiotics) in which unusual lanthionine and B-methylllanthionione
residues are included during post-translational processing as covalent
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bridges between specific amino acids in their peptide chains.’
Currently, lantibiotics are divided into types A (relatively linear and
flexible, cationic peptides), B (more globular, rigid peptides with no
or negative net charge) and (two-component bacteriocins).” They are
active against most Gram-positive bacteria and often bind to lipid II,
a precursor of peptidoglycan in the bacterial cell membrane.'® Class I
bacteriocins have a range of activities generally resulting in membrane
destabilization, pore formation and/or inhibition of cell-wall synthesis
through binding to specific lipids.® Class II bacteriocins are large and
highly diverse group of unmodified peptides with disulphide bridges
are crucial for defining the 3-D conformations. They affect target cells
in similar ways as class I bacteriocins, but their receptors seem to be
proteins rather than lipids.! Class III bacteriocins are not peptides but
heat-labile proteins. Other classes of bacteriocins carry essential lipid
or carbohydrate moieties and cyclic peptides.®

Multidimensional features of bacteriocins

and its applications

Bacteriocins are attractive candidates for the use in food and
agricultural industries. For example, bacteriocin-producers are used
in animal health feed for pigs and other livestock and they protect
animals from severe gastrointestinal infections.'? Lantibiotics such as
nisin and lacticin are widely used as preservative agents in meat and
dairy products.” Bacteriocins have also been used in human health
and medical applications. The lantibiotic lacticin 3147 displays potent
activity against virulent Multidrug Resistant Staphylococcus aureus
(MRSA) and Vancomycin Resistant Enterococci (VRE) bacterial
strains.’>  Effectiveness against clinically important pathogens
highlights the potential use of these bacteriocins for therapeutic
applications against bacterial infections.

In particular, bacteriocins have several desirable properties that
make them suitable for food preservation. They

i. are generally recognized as safe substances,
ii. are not active and nontoxic on eukaryotic cells,

ii. inactivated by digestive proteases, hence little influence on the gut
microbiota,

iv. are usually pH and heat-tolerant,

v. they exhibit broad antimicrobial spectrum, against many food-
borne pathogens and spoilage bacteria,

vi. they show a bactericidal mode of action, usually acting on the
cytoplasmic membrane and therefore no cross resistance to
antibiotics, and

vii. their genetic determinants are usually plasmid-encoded. More
recently Kayalvizhi et al.,'* reported the stable nature of the
bacteriocin to high temperature and resistant to various chemicals it
also exhibited antimicrobial activity against food-borne pathogens
make this bacteriocin as potent attractive antimicrobial agent in
food products.

The empirical use of microorganisms and/or their natural products
for the preservation of foods (biopreservation) has been a common
practice in the history of mankind. Bacteria from LAB have attracted
great interest in terms of food safety and the only bacteriocin
approved for utilization as a preservative in many foods by the
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US Food and Drug Administration is nisin, which is commercially
available as Nisaplin™ (Danisco, Copenhagen, Denmark). Another
most studied bacteriocin-producing bacteria are B. subtilis and B.
licheniformis, which are “generally recognized as safe” (GRAS)
bacteria.””> The genus Bacillus includes a variety of industrially
important bacterial species and has a history of safe use in both food
and industry.!® The potential of Bacillus to produce antibiotics and
peptides has been recognized for more than 50 years. Recombinant
B. licheniformis strains have been designed and used extensively
in large scale fermentations.!” Bacillus spp., have been extensively
used in industrial production of amylases, proteases, antibiotics,
insecticides and special chemicals with low risk of adverse effects
to human health or the environment.'®!” Interestingly, a novel broad-
spectrum bacteriocin was purified and characterized from Bacillus
licheniformis MKU3, which was able to inhibit the growth of several
pathogenic strains.?® In addition, Kayalvizhi et al.?! has reported the
applicability of bacteriocin which could be used as a biopreservation
of animal skins by getting rid of chemical preservatives. Bacteriocins
such as nisin and lacticin are widely used as preservative agents in
meat and dairy products. Recently, the importance of bacteriocins in
human health and medical applications has been demonstrated. The
lacticin 3147 displays potent activity against virulent bacterial strains
such as methicillin resistant Staphylococcus aureus (MRSA) and
vancomycin resistant Enterococci (VRE). Recently, Kayalvizhi et al.'™
identified and cloned a new bacteriocin from Bacillus licheniformis
which showed a broad spectrum of activity against Gram-positive
and Gram-negative bacteria. All together effectiveness of bacteriocins
against clinically important pathogens highlights their immense
potential in therapeutic applications.

Conclusion

This is a promising field of research, because many bacteriocins
from bacilli may solve the limitations of LAB bacteriocins due to
their sometimes broader inhibitory spectra against Gram negative
bacteria and even against fungi. Hopefully, the number of patents on
applications of Bacillus bacteriocins will increase in the near future,
and the antimicrobial arsenal of this group of bacteria, which are widely
disseminated and adapted to survive under extreme conditions, will be
exploited in a more rational way. Last, but not the least, bacteriocins-
producing strains could be exploited for environmental applications
such as, for example, in the control of SRB causing bio corrosion.
The bacteriocins production capacity could be exploited as a selective
advantage for the proliferation of strains with technological interest
in natural or even industrial environments. Furthermore, genomic and
proteomic approaches in the field of bacteriocins could improve our
understanding to fully exploit bacteriocins as a potential alternative to
antibiotics or development of novel drug for the mankind.
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