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ABSTRACT

Gram-negative phytopathogens severely harm a number of economically significant crop plants.
The effectivity of traditional approaches, such as the breeding and introduction of resistant cultivars,
is limited by the lack of available sources of genetic resistance. Bacteriocins are small
proteinaceous antibiotics produced by bacteria to Kill closely related bacteria. Utilization of narrow-
spectrum protein antibiotics as biocontrol agents is an effective strategy to shrink losses imposed
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due to specific bacterial phytopathogens. Several colicin-like bacteriocins have been found to be
active against phytopathogenic bacteria. Bacteriocins frequently affect closely related bacterial
strains, making them useful as targeted, low-side-effect, narrow-spectrum antibiotics. Even though
using bacteriocins to control plant diseases is a promising strategy, minimal information is there
regarding the abundance and functions of these chemicals against pathogenic bacteria and their
natural enemies. This review is concerned with the efficient control of economically significant plant
pathogenic bacteria using these potent and selective antimicrobial agents.
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1. INTRODUCTION

Bacteriocins are proteinaceous antimicrobial
peptides that are produced by ribosomes [1].
Bacteriocin were first synthesized via Escherichia
coli in 1925, they were named as "Colicins"
because of their microbial origin [2]. Contrarily,
the bacteriocin produced by lactic acid bacteria is
particularly significant because the Food and
Drug Administration (FDA) has designated
these bacteria as being "Generally Regarded as
Safe [3]. The first commercially generated
bacteriocin was nisin, produced by Lactococcus
lactis. These substances, which are classified
as protein toxins, are released by certain
archaea and bacteria in order to prevent the
growth of bacterial strains that are similar to or
identical to them [4]. Moreover, these substances
have the capacity to eradicate certain pathogens

while  preserving other populations [5].
These compounds have hydrophobic or
amphiphilic  properties and the bacterial

membrane is usually the target of their activities.
When a bacteriocin generated by one bacterium
is poisonous to other bacteria of the same
species, it is referred to as narrow spectrum,
and when a bacteriocin inhibits bacteria of
different genera, it is referred to as
broad spectrum [6]. Typically, bacteriocin-
producing cells put up defenses against being
destroyed by their own bacteriocins. These
defenses may consist of self-immunity proteins,
efflux pumps, or a combination of both [7,8].
Bacteriocins' capacity to kill is regarded as an
effective tactic for preserving population and

lowering the number of rivals to increase the
number of resources and living space in habitats.
Contrary to the majority of antibiotics,
bacteriocins are produced by ribosoms; they are
sensitive to proteases and have no harmful
effects on either people or the environment. The
effectiveness of bacteriocins has been
demonstrated to be more than 100 times when
compared with number of other traditional
antimicrobials [9]. Because of this, bacteria that
produce bacteriocins produce self-immunity
proteins that shield them from their bacteriocins
by scavenging bacteriocins or engaging in
antagonist competition for receptor bacteriocin
[10].

2. DIFFERENCE BETWEEN BACTE-
RIOCINS AND ANTIBIOTIC
Bacteriocins are generated by ribosomes,

whereas several enzyme complexes are involved
in the synthesis of antibiotics. Contrary to
conventional antibiotics, bacteriocins have
bactericidal or bacteriostatic effects on a narrow
range of bacteria. Additionally, compared to
antibiotics, most bacteriocins are more potent
against their target bacteria at lower
concentrations Table 1 [11]. Bacteriocins are
frequently thought of as being more natural as
they have been a part of foods eaten since
antiquity. Bacteriocins cannot alter the microbiota
of the digestive tract as the trypsin and pepsin
enzymes present in the digestive tract inactivate
them [12].

Table 1. Difference between bacteriocins and antibiotic [13]

Characteristics Bacteriocins

Antibiotic

Activity

Synthesis

Interactive requirement
Immunity to host cell
Toxicity

Mode of Action

Reduced spectrum

Non-specific targets
Yes
Unknown

Ribosomally synthesized

Pore formation in membrane

Variable spectrum

Secondary metabolites

Specific targets

No

Yes

Intracellular targets/cell membrane
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3. BACTERIOCINS CLASSIFICATION

There are three classes of bacteriocins i.e.,
Class I, Class Il and Class Ill. Class |
bacteriocins are lantibiotics, which are peptides
with unusual, post translationally modified amino
acids and thioether bridges [14] divided
lantibiotics into three categories Type A type B
and Type C. Type A lantibiotics are flexible,
linear cationic peptides. Type B lantibiotics are
spherical rigid peptides and Type C are two-
component bacteriocins Table 2 Fig. 1.

J. Zool., vol. 44, no. 16, pp. 1-7, 2023; Article no.UPJOZ.2709

Class | bacteriocins exhibits numerous activities
including destabilization of membrane and their
attachment with particular lipids blocks the
synthesis of cell wall [14,16]. Class I
bacteriocins constitute an incredibly diverse
group of non-modified peptides [17]. Their effects
on target cells are comparable to those of class |
bacteriocins, but their receptors seem to be
proteins rather than lipids [18]. Class |l
bacteriocins are sensitive to heat and are
classified depending on their capacity to lyse
cells Table 3.

Table 2. Properties of characterized bacteriocins [15]

Bacteriocins Producer organism

Properties

Lantibiotic, broad spectrum,
chromosome/plasmid mediated,
bactericidal, produced late in the growth
cycle

Broad spectrum, plasmid mediated
Broad spectrum, plasmid mediated,
bacteriostatic, produced early in the
growth cycle

Nisin Lactococcus lactis subsp. lactis

Pediocin A Pediococcus pentosaceus FBB61
and L-7230

Pediocin AcH Pediococus acidilactici H

Leucocin Leuconostoc gelidum UAL 187

Helveticin J L. helveticus 481

Carnobacteriocin

Carnobacterium piscicola LV17

Narrow spectrum, chromosomally
mediated, bactericidal

Narrow spectrum, plasmid mediated,
produced early in the growth cycle

-
—

stable

Properties of
Bacteriocins

N\

II:S?‘; =1
il §

Fig. 1. Properties

High isoelectric point
' High cationic at pH 7.0

Act by membrane disruption

through the pore formation

INOTRETNTINTiT| ssmmmmp  No post translation

X

Large peptide

Presence of
hydrophilic and
hydrophobic residue

Act by receptor
mediated membrane

Act by cell wall lysis

of bacteriocins
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Table 3. Classification of bacteriocins [19]

Classification Features Subcategories Example
Class | Bacteriocins Anthionine or peptides  Type- A Nisin, Subtilin,
(Lantibiotics) Containing B- (Linear molecules) Epidermine,
lanthionine Type-B Mersacidin
(Globular molecule)
Class Il Heterogeneous class Subclass lla Pediocin, enterocin,

of small thermostable
peptides

Bacteriocins

Class lll Bacteriocins Large thermolabile

peptides

(Antilisterial pediocine
bacteriocins

type)

Subclass lla
(Composed of two
peptides)

Subclass lic

(other bacteriocins)

sakacin Plantaricin,
lactacin F Lactococcin

Helveticin J, millericin
B

Another class of bacteriocins derived from gram-
positive bacteria is made up of cyclic peptides,
lipid moieties and carbohydrate [20,21]. Colicin
bacteriocin produced by gram- negative
bacterium Escherichia coli is the well known
bacteriocin. These bacteriocins primarily target
strains of E. coli and other closely related enteric
organisms [22] by blocking of cell wall synthesis,
pore-formation, RNAse and DNAse activities
[23]. Proteins from Gram-negative bacteria that
attacks the target cell membrane by assembling
themselves into particles that resemble
bacteriophage tails make up another class of
protein bacteriocins [24].

Bacteriocins of Gram-negative bacteria differs
from bacteriocins of Gram-positive bacteria.
Enterobacteriaceae  family members also

produce bacteriocins known as microcin’s which
may or may not possess posttranslational
modifications [25]. Trifolitoxins are another class
of bacteriocins produced by Gram-negative
bacteria, and these bacteria occasionally
produce bacteriocins that are "Gram-positive-
like" [26].

4. MODE OF ACTION OF BACTERIOCINS

Bacteriocins attacks target organism through a
variety of mechanisms. These mechanisms are
roughly classified as those that act on the cell
envelope and influence expression of genes and
production of proteins. Gram positive bacteria
inhibiting bacteriocins often attacks the cell
envelope.

Class IT
— Disruption
of cell wall
Class 1 M(?de of
Cop m— IR
Death . .
Bacteriocins
Class III
3 Cell wall
degradation

and cell lysis

Fig. 2. General mode of action of bacteriocins
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Class | bacteriocins prevents the production of
lipid-1l in cell membrane and alter peptidoglycan
synthesis. For their target bacteria to be inhibited
or killed, other bacteriocins form pores. Gram-
negative inhibiting bacteriocins interferes with
RNA, DNA, and protein metabolism. MccJ25,
microcin B17 (MccB17) and MccC7-C51 inhibits
RNA polymerase, DNA gyrase, and aspartyl-
tRNA  synthetase, respectively. However,
MccE492 functions by forming pores [27]. Few
bacteriocins have enzymatic activities. Colicin E3
possess RNase activity, megacin A-216 have
phospholipase activity and colicin E2 exhibits
DNase activity towards the target organism [28].

Class Il bacteriocins gets integrated into target
cell membrane by virtue of their amphiphilic
helical structure which leads to membrane
depolarization and death of the cell. Whereas,
class Il bacteriocins attacks cell wall of the
bacteria and thereby lyse the target cell [29].

5. APPLICATION OF BACTERIOCINS

Management of phytopathogenic bacteria
depends on chemicals consisting of antibiotics,
mainly streptomycin and copper. These
chemicals are harmful to both the environment
and human health and the emergence of
resistance can limit their efficacy over time
[30,31]. Numerous diseases, including citrus
greening and fire blight, have been successfully
treated with streptomycin.

However, extensive use of antibiotics in
agricultural crops might develop reservoirs of
resistance that could possibly spread from
bacteria that cause plant disease to those that
are clinically significant [32,33]. The success of
toxin produced by Bacillus thuringiensis is largely
attributed to both its high level of target selectivity
and ease of expression in plants. The properties
of bacteriocins are comparable. This is very
advantageous in both clinical as well as
agricultural systems because it is anticipated that
their use will have little impact on the
microbiome. Bacteriocins can be directly applied
to crops or expressed in plants like Bt toxins. It
has been clearly demonstrated by Nomad
Biosciences that it is possible to express
bacteriocins (LLBs and CLBs) in a number of
plant species [34,35,36]. Additionally, bacteriocin
toxicity has been found in a variety of animal
models [37]. In environment, Bacteriocins are
produced naturally and are believed to have low
toxicity toward humans and animals. The
majority of bacteriocins are thought to be safe to

use in preservation of food items [34].
Transgenic plants expressing bacteriocins can
be produced to offer resistance against
Pseudomonas syringae. Non- genetically
modified approaches for bacteriocins includes
using non-pathogenic bacterial strain for direct
application on crop such as Biokeeper and
Nogall [38,39]. Alternatively, direct application of
bacteriocins have shown great results under in
vitro conditions against bacterial leaf spot and
olive knot disease of tomato [40,41]. The need
for large-scale production of bacteriocin is one
potential problem with using bacteriocins as a
direct treatment. Production of multi-component
bacteriocins is difficult as compare to lectin-like
bacteriocin and colicin-like bacteriocin [34,35,42].
Bacteriocins are organized into functional
domains, and are easily modifiable, opening up
the possibility of producing additional variants
through swapping of domains to develop new
chimeric bacteriocins with modified functions
[43].

6. CONCLUSION
PROSPECTIVES

AND FUTURE

Overall, important strides have been made in the
study of biocontrol agents for the creation of
commercial products for the management of
bacterial and fungal diseases. However, the lack
of readily available, effective BCAs on a large
scale prevents the use of biological control.
There is great need to identify the novel BCA and
methods for screening large numbers of
candidates. Additionally, a thorough investigation
of model BCA using genomic analysis will offer
an essential framework for a thorough analysis of
the biological mechanisms of BCA and the
development of strategies to increase its positive
effects. Additionally, this multi-omics
examination will enable analysis of the effects of
bacterial field application on the native plant
microbiome. This research would make it
possible to assess the environmental effects of
BCA, assure its biosafety, and learn how to
manipulate the microbiome to increase the
effectiveness of biocontrol.
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