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Abstract

The genus Bacillus is a group of rod-shaped, gram-positive bacteria known for their vast potential of the production of
antibiotics. This review examines the potentials of various Bacillus species in the production of antibiotics. There is a global
threat of antimicrobial resistance and have spurred the need in scientific research for novel antibiotics and Bacillus species
offers a ray of hope in the discovery of novel antibiotics. Notable among the antibiotics produced by Bacillus species include
fengycin, gramicidin, iturin, polymyxin, subtilin, difficidin, surfactin, megacin, lichenysin, bacitracin, cerein, pumilicin,
circulin, each with greater stability and wide spectrum of activity against gram-positive as well as gram-negative bacteria,
fungi. This review highlights the various Bacillus species with antibiotics producing abilities such as B. subtilis, B. polymyxa, B.
cereus, B. pumilus, B. megaterium, B. circulans, the antibiotics produced by these Bacillus species, mechanisms of actions of these
antibiotics, potential application in medicine, agriculture, biotechnology and industry. Bacillus species with antibiotics
producing potentials can be applied in combatting the threat posed by antibiotic-resistant pathogens as well as multi-drug-

resistant pathogens.
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Introduction

The growing concern about antimicrobial resistance has
led to various research being undertaken to discover
novel antimicrobial agents. It is estimated that over 4000
antibiotics have been developed, however, only 50 has
been ethically approved for treatments in humans and
animals accounting for just 13 percent [1].

Antibiotics are substances produced by a microorganism
that has an inhibitory effect or capable of eradicating or
eliminating another microorganism. In the 20t century,
Sir Alexander Fleming discovered penicillin. Over the
years, antibiotic resistant bacteria surfaced posing a
significant challenge to infection treatment [2]. As a
result, research have been carried to search for novel
antibiotics. Bacillus species have been identified with
their abilities to produce antibiotics thereby making them
very instrumental in the fight against infectious diseases
and a beacon of hope in the discovery of novel antibiotics
in tackling antibiotics resistance [3].

Bacillus species are gram-positive, rod shaped, aerobic or
facultatively anaerobic bacteria belonging to class1 of the
phylum Firmicutes in other words bacilli (rod shaped)
which are ubiquitous in their nature having the ability to
survive in varying range of environment including the
soil, air and even very extreme environmental condition
[2,4].. Bacillus species are generally found in soil. Bacillus
is a spore forming bacteria which makes them resistant to
desiccation, which it uses as a means of survival in
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extreme conditions and as such having the potentials of
harboring bioactive compounds. The spores produced by
Bacillus have been used as probiotics in such a way that it
is beneficial to the health and wellbeing of people when
administered in the prescribed amount [5,6]. Most
Bacillus species are nonpathogenic degrading dead and
decaying materials. Members of the Bacillus species
include  Bacillus Bacillus Bacillus

subtilis, cereus,

thuringiensis, Bacillus lichenformis have been discovered to

have antibiotics producing potentials [7].

The review aims to contribute significantly on existing
knowledge on the diversity of Bacillus species with
antibiotics producing potentials and future applications
of these antibiotics in medicine in combating antibiotic
resistance and improvement of infectious treatment, and
addressing global health challenges prevention of
agricultural pest and diseases and the industry.

Diversity of Antibiotic Producing Bacillus
species

Bacillus species can be found to thrive in various
environments ranging from air, water, soil and in some
cases, extreme conditions such as hot springs,
hydrothermal vents, and polar region. A diversity of
antibiotics producing Bacillus species is found in the soil.
Notable among them are B. subtilis, B. cereus, B.
lichenformis, B. thuringiensis, B. polymyxa. B. pumilus, B.

megaterium, B. circulans, B. brevis [4,7].
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Bacillus cereus
B. cereus is a gram-positive, rod-shaped bacteria. B. cereus

is abundant in the soil and water. B. cereus plays a very
crucial role in decomposing organic matters and also
recycling nutrients within the soil [8]. B. cereus is a
facultative anaerobe and have the -capabilities of
producing a variety of enzymes such as proteases,
lipases, amylases which is paramount for degrading
organic matters. B. cereus have been known to produce
antibiotics and other secondary metabolites that can
inhibit  the
microorganisms, a mechanism employed by B. cereus as a

growth of pathogenic and other

survival mechanism [9]. B. cereus form symbiotic
relationships with plants improving the fertility of the
soil as well as nutrient availability. B. cereus contribute
vastly to the stability of the soil through the formation of
extra cellular polymeric substances.

Bacillus subtilis
B. subtilis is a gram-positive bacterium majorly found in

the soil. B. subtilis have been identified to produce certain
secondary metabolites that are antimicrobial in nature
[8,10]. In the soil, B. subtilis is essential in biogeochemical
cycling and interacts with other soil microorganisms. The
secondary metabolites produced by B. subtilis makes
them out compete other microorganisms in the soil.
However, the precise role of B. subtilis in the natural
environment is still being studied [11,12].

Bacillus lichenformis
B. lichenformis is gram-positive, mesophilic bacilli. B.

lichenformis have the ability to develop spores which can
make them survive harsh environmental conditions. B.
lichenformis is very important in the industries as they are
used to produce enzymes. B. lichenformis is also used in
biofuel production, bioremediation. B. lichenformis have
also being studied for the production of antibiotics which
inhibitory

microorganisms [2,4,12].

have an effects against pathogenic

Bacillus polymyxa

B. polymyxa is a gram-positive motile bacterium. B.
polymyxa produces the antibiotic polymyxin B. B.
polymyxa promotes the growth of plants. B. polymyxa
plays a crucial role in the agricultural sector through the
process of facilitating nitrogen fixation, phosphate
solubility, as well as their antimicrobial properties. B.
polymyxa degrade major components of lignin, cellulose,
hemicellulose [11,13].

Bacillus thuringiensis
B. thuringiensis is a species of the B. genus abundant in the

soil and have the potentials of producing toxins which

©NJB, BSN

122

Abbey et al.

are potent to insects. B. thuringiensis improves the growth
of plants and are used as an effective alternative to
fertilizers and pesticides due to the production of
antimicrobial agents [14]. They improve plants growth
through nitrogen fixation, improving the solubility of
phosphate and plant hormone production [15,16].

Bacillus megaterium

B. megaterium is a gram-positive, aerobic and a spore
forming bacterium found in various environs including
the soil. B. megaterium is a mesophilic bacterium [17].B.
megaterium have been found to produce antibiotics such
as penicillin amidase which is a major component for the
production of penicillin as well as several enzymes such
as amylases used in the baking industry [18]. B.
megaterium  also  produces several amino acid
dehydrogenases and other molecules with certain
antifungal and antiviral potentials. B. megaterium is used
as biocontrol agents of plant diseases. Some strains of B.
megaterium have been identified in improving plant

growth through the process of nitrogen fixation [19]

Bacillus pumilus
B. pumilus is vastly distributed in the soil, water and on

the surfaces of plants and have the ability to thrive in
extreme weather conditions making it a spore former. B.
pumilus is an aerobic bacterium. However, it can grow
anaerobically by the process of fermentation [20,21].
Various enzymes have been attributed to B. pumilus
notable among them are cellulases, proteases, amylases
and these enzymes have been applied in industrial
settings. B. pumilus is a producer of antimicrobial
peptides such as pumilicin which exhibits a great
spectrum of activity against pathogenic as well as
multidrug resistant strains [21,22].

Bacillus circulans
B. circulans is a gram-positive, rod-shaped, spore forming

bacteria. The bacterium possess abilities to produce a
range of enzymes and antimicrobial compounds. The
colonies are usually white or off-white and have a
circular appearance, which is reflected in the species
name 'circulans" [23]. This bacterium is facultatively
anaerobic and can metabolize a wide variety of
substrates, making it highly versatile in different
[24].  The
antimicrobial substances that can inhibit the growth of

environments bacterium  produces
other microorganisms, making it a subject of interest for
the development of new antibiotics and biocontrol agents

[25].
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Bacillus brevis
B. brevis cells are rod-shaped and motile due to the

presence of flagella. They form endospores, which allow
them to survive in harsh conditions making them prolific
producers of antibiotics [26]. One of the most notable
features of B. brevis is its ability to produce peptide
antibiotics, such as gramicidin. These antibiotics exhibit
great spectrum of activity and stability particularly
effective against gram-positive bacteria and are used in
topical applications due to their toxic effects when
ingested [27]

Antibiotics Produced by Bacillus species
Bacillus species have been known to produce various

range of antibiotics which is essential for their survival
and other interactions with other organisms.

Gramicidin

Gramicidin S is one of the antimicrobial peptides
produced by Bacillus species. It is very effective against
pathogenic bacteria, viruses, and fungi. Squibb and
company in the year 1950 discovered Gramicidin.
Gramicidin is a class of polypeptide antibiotics. The
members of the Gramicidin family include Gramicidin A,
B, C, and S. However, these class of gramicidin antibiotics
differ in structure as well as their spectrum of activity
[26,28]. In the chemical structure of Gramicidin, it
comprises two to four amino acids subunit joined by a
peptide bond.

Gramicidin is cationic. The hydrophobic nature of the
Gramicidin improves the stability and its resistivity to
degradation by proteolytic enzymes [26,29]. Gramicidin
alters the functions of cellular membranes and as such,
Gramicidin S destroys pathogenic bacteria by create pore
in the cells and disrupts the normal cell functions. This
disruption of the cellular membrane results in the excess
leakage of essential ions and molecules thereby leading
to the death of the bacteria cells [30]. Gramicidin also
inhibits the
metabolism. Gramicidin is very effective against gram-

enzymes essential for the bacteria
positive bacteria such as Staphylococcus aureus, Bacillus
subtilis and gram-negative bacteria such as Escherichia
coli, Pseudomonas aeruginosa making it a broad-spectrum
antibiotic. Gramicidin is very stable in acidic as well as
alkaline pH [31]. It is relatively stable in both high a low
temperature. Gramicidin is used as a topical antibiotic
which has been effective in the treatment of skin
infections. Gramicidin is a broad spectrum antimicrobial
agent effective against bacteria, viruses and fungi.
Gramicidin has a very low toxicity when applied
topically. However, Gramicidin exhibit hemolytic

activity when used in the system of living organisms [28]

©NJB, BSN 123

Abbey et al.

Polymyxin

Polymyxin are a group of antibiotics produced by Bacillus
polymyxa. Polymyxin was discovered in the year 1940.
Polymyxin exists in two classes; Polymyxin B and
Polymyxin C. Structurally, Polymyxin compose of a poly
cationic peptide ring and a tripeptide side chain with a
fatty acid [32]. Polymyxin are very active bactericidal
agents and have the mechanism as that of a detergent.
Polymyxin acts very effectively against gram-negative
Klebsiella
pneumoniae, Escherichia coli, Salmonella spp, Shigella spp,

bacteria such as Pseudomonas aeruginosa,

Citrobacter spp, Enterobacter spp making it a narrow
spectrum antibiotic [33]. gram-negative bacteria are of a
lipopolysaccharide layer (LPS). Polymyxin interacts with
the lipopolysaccharide layer. The poly cationic peptide
ring binds to the outer membrane of the gram-negative
bacteria thereby dislodging the calcium and magnesium
essential for the stability of the lipopolysaccharide layer
[34]. When the calcium and magnesium ions are
displaced, the outer membrane is disrupted increasing
the permeability of the membrane and the subsequent
leakage of the cellular components thereby leading to the
occurrence of cell lysis. and the destabilization of the
bacteria leading to the cell death [35] Polymyxin just like
Gramicidin is also applied topically to treat certain
localized skin infections, respiratory infections especially
cystic fibrosis patients where is inhaled. Polymyxin has
been identified to be very toxic to the human body
leading to kidney and brain malfunction and as such,
precaution has to be taken during dosing and effective.
Polymyxin is only recommended as a last resort when all
other antibiotics have failed [35]

Subtilin

Subtilin are groups of antibiotics produced by Bacillus
subtilis. It is composed of a 32- amino acid pentacyclic
lantibiotic [36]. Lantibiotics possess a unique structure
comprising of lanthionine as well as methyllanthionine.
The formation of lanthionine and methyllanthionine is as
a result of the formation of a thioether bonds between
cysteine and the dehydrated serine [37]. Several genes are
responsible for the formation of the subtilin. These genes
include the precursor peptide, modification enzymes,
transport proteins, immunity proteins.

Subtilin is very effective against gram-positive bacteria
such as Staphylococcus aureus, Streptococcus pneumoniae,
Listeria monocytogenes, Clostridium spp [38]. Subtilin acts
on the bacteria by creating a pore on the cell membrane
leading to the leakage of cellular components causing
lysis of the cell and the eventual cell death. The bacteria
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cell uses lipids I which as an important component of the
bacteria cell wall synthesis [37,39].

The subtilin binds to the lipid II thereby disrupting the
cell wall synthesis leading to the formation of spores.
Subtilin is used in topical treatment of skin infections
primarily caused by gram-positive bacteria. Since Listeria
is a food borne pathogen as very susceptible to subtilin,
Subtilin can applied in the food industries as an agent of
food preservation. Subtilin is also applied in the
agricultural industries as it protects plants from bacterial
pathogens thereby improving the growth of plants
leading to an increased yield [38,40].

Bacitracin
Various Bacillus species have been noted to produce

bacitracin most especially Bacillus lichenformis and
Bacillus subtilis. Bacitracin was discovered in the year
1945. Structurally, Bacitracin is composed of a thiazoline
ring, peptides and a cyclic peptide backbone [41].
Bacitracin is produced through the non-ribosomal
peptide synthetase. Bacitracin is very effective against
gram-positive bacteria such as Staphylococcus aureus,

pyogenes,
However, bacitracin is impermeable to the outer

Streptococcus Corynebacterium  diphtheriae.
membrane gram negative bacteria. Its mechanism of
actions involves the binding of the carrier lipid molecule
which transfers the peptidoglycan precursors through
the membrane of the bacteria [41,42].

When such binding has occurred, there is a subsequent
dephosphorylation of the bractophenol. This inhibition
alters the biosynthesis of the peptidoglycan leading to the
lysis of the bacteria cell wall. Bacitracin is used in the
treatment of skin infections caused by gram-positive
bacteria. It is also applied in the treatment of eyes and ear
infections caused by gram-positive bacteria. It is limited
to topical usage as a result of the toxicity to the kidney
[42,43].

Macrolactin
Bacillus subtilis have been identified to produce

macrolactin. Macrolactin is composed of a 24-membered
macrolactone ring which is extremely larger than other
lactones [44]. Macrolactin is biosynthesized trough the
polyketide synthase involving the activity of series of
enzymes [45]. Macrolactin is a broad-spectrum antibiotic
acting against both gram-positive bacteria such as
Staphylococcus aureus, Streptococcus pneumoniae, Bacillus
cereus as well as gram-negative bacteria such as
Escherichia coli and Pseudomonas aeruginosa and viruses
such as herpes simplex virus (HSV), and human
immunodeficiency virus (HIV) [46]. Macrolactin acts by
inhibiting the cell wall synthesis of the bacteria thereby
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altering the stability of the cell membrane. Macrolactin
inhibits the replication in viruses specifically targeting
the viral proteins necessary for viral replication.
Macrolactin have been discovered to possess anti-cancer
potentials by eliminating cell through cytotoxic effect
thereby killing the cancer cells. Macrolactic offers
promising solutions against cancer, viral infections as
well as resistant bacteria [44,46,47].

Fengycin

Bacillus subtilis particularly produces a lipopeptide
antibiotic known as fengycin. Structurally, Fengycin has
a lipopeptide ring with about 10 to 17 amino acid peptide
chain closely linked to P -hydroxy fatty acid [46]. The
biosynthesis of Fengycin is similar to that of Bacitracin
which involves the non - ribosomal pathway. Fengycin is
highly effective against a variety of fungal species such as
Fusarium spp, Rhizoctonia spp, Alternaria spp, Phytophthora
spp [47]. Its mechanism of activity involves the disruption
of the cell membrane leading to the loss of essential
cellular components and also interferes with the cell wall
synthesis of the fungi. Fengycin is applied in the
agricultural industries as a biocontrol agent against
fungal diseases and also in the process of seed coating to
protect the seeds from fungal pathogens during
germination [47,48].

Surfactin

Surfactin is a lipopeptide antibiotics isolated from
diverse Bacillus species notable among them are Bacillus
subtilis. Surfactin as the name implies, acts as a
biosurfactant. In its structure, Surfactin is made up of 7
amino acids in addition to an L-glutamic acid, L-valine as
well as an L-leucine forming a ring shape across a lactone
bond [49,50]. Surfactin is synthesized through the non-
ribosomal peptide synthetase pathway. Surfactin is a
broad-spectrum antimicrobial agent acting against a
variety of microorganism including bacteria including
gram-positive and gram-negative bacteria, fungi a virus.
Surfactin also possess certain anti-inflammatory
potentials. Due to the amphiphilic nature of Surfactin,
when inserted into the cell membrane, it alters the
stability of the membrane leading to the lysis of the cells
[51,52]. As a biosurfactant, it lowers the surface tension
and Dbioavailabity of

Surfactin modulates the

increasing the solubility
hydrophobic compounds.

immune response preventing the production of cytokines
an inflammatory agent. Surfactin can effective in
bioremediation to improve the degradation of crude oil
spills by increasing their solubility and bioavailabity.
Surfactin can be used in detergent making due to its

environmentally friendly nature. Surfactin producing
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Bacillus strains can be applied as biocontrol agents in
preventing plant pathogens and enhancing the growth of
plants through nutrients uptake [51,53].

Iturin
Bacillus subtilis and Bacillus pumulus have been identified

to produce iturin, a lipopeptide antibiotics. Iturin is
composed of lipopeptide ring of 7 amino acids closely
joined to a fatty acid. Iturin carries out its biosynthesis
through the non-ribosomal peptide synthetase which
produces various variants of the antibiotics such as
mycosubtilin, iturin A, iturin C, and bacillomyxin [44,54].
Iturin are very effective against fungal pathogens such as
Fusarium spp, Aspergillus spp, Candida spp, Rhizoctonia spp.
Iturin exerts its effective by creating pores in the
membrane leading to a loss of essential ions thereby
causing cell death. Iturin also increases the permeability
of the membrane cause an overflow of the cellular
contents leading to cell death.[44]. Iturin also inhibits the
growth of the fungal pathogen. Iturin is applied in the
agricultural sector as a biocontrol agent against fungal
pathogens. It can be applied in seed coating to protect
germinating seeds from infection from fungal pathogens
[54].

Difficidin

Difficidin is a polyketide antibiotic produced from
Bacillus subtilis. Structurally, difficidin, is composed of a
macrocyclic polyene lactone consisting of a hydroxyl or
carboxyl group, fused double bond, lactone ring and a
[53]. Difficidin is
polyketide

polyketide  ring  structure
through the

pathway. Difficidin is a broad spectrum antibiotic

biosynthesized synthase

effective against gram-positive bacteria such as
Staphylococcus aureus, Bacillus cereus, Enterococcus faecalis
and gram-negative bacteria such as Salmonella spp,
Escherichia coli, Pseudomonas aeruginosa and antibiotic
resistant strains of bacteria including multi drug resistant
bacteria [54].

Difficidin interferes with the protein synthesis of the
bacteria. Difficidin fuses with the ribosome of the bacteria
thereby altering the translational process necessary for
the protein synthesis [13]. When the bacteria protein
synthesis has been inhibited, the essential functions of the
bacteria cell are disrupted leading to the eventual death
of the bacteria. As a result of the broad-spectrum nature
of the antibiotics, it offers a ray of hope in tackling

antibiotics resistant strains [55].

Thuringiensin
B. thuringiensis is a primary producer of thuringiensin, a
secondary metabolite. Thuringiensin is also referred to as
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[B-exotoxin as it is has a very stable nucleotide analogue
which is very effective against a wide range of
microorganisms such as bacteria, fungi, viruses and also
some insecticidal effects. Structurally, thuringiensin is
composed of adenine and an arabinose which is closely
similar to other nucleotides. Thuringiensin blocks nucleic
acid synthesis which is a process essential to all
microorganisms [56]. By interfering and subsequent
inhibition of RNA polymerase leading to the blockage of
the transcription process essential to bacteria, fungi,
protozoa, and even insects. Thuringiensin is nonspecific
in its mode of action posing a significant threat to non-
target organisms. Thuringiensin continues to be a subject
of research, particularly in understanding its mechanism
of action and exploring its potential uses in
biotechnology. Studies have also focused on mitigating
its environmental impact and developing more targeted

applications [56,57].

Circulin

Circulin a group of cyclic peptides formed as a result of
the bonding of peptide to amino acids. B. circulans have
been identified to produce circulin. The structure is a
major contributor to its stability and a greater spectrum
of activity against gram-positive bacteria [58]. Circulin
acts by disrupting the cellular integrity of the bacteria
membrane. When this occurs, there is a leakage of
essential cellular constituents which results in cellular
death. Due to the cyclic nature of the peptide, it enters
into the lipid bilayer of the bacterial membrane creating
pores which affects the permeability of the bacterial
[59].
mechanism of action have sparked interest in the

membrane Circulin's unique structure and
development of novel antimicrobial agents. Research
continues to explore its potential in various fields,
including medicine and agriculture [59].

Pumilicin

Pumilicin is produced by B. pumilus. Structurally,
pumilicin is a cyclic peptide which contributes
significantly to its stability and resistance to degradation
by proteolytic enzymes. Pumilicin acts by binding to the
lipid layers of the membrane, creating pores that
increases the selective permeability of the membrane
leading to lysis of cell and subsequent death due to
leakage of essential cellular components [22]. Pumilicin is
anarrow spectrum antibiotic as it is very effective against
gram-positive bacteria such as Staphylococcus aureus,
Bacillus cereus. Studies suggests its activity against
antibiotic resistant strains. Due to its broad-spectrum
activity, pumilicin has potential applications in medicine

and agriculture. It can be used as a natural preservative
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Table 1. Comparison of the Antibiotics Produced from Bacillus species showing spectrum of activity and mechanism

of action
Antibiotic Producing class of spectrum of activi mechanism of action Reference
Bacillus Strain antibiotic P ty )
Gramicidin Bacillus brevis Polypeptide gram-positive an.d Inhlbltlfm of cell wall synthesis [26,28]
gram-negative bacteria Formation of pores.
. . . . Increased membrane
Polymyxin B. polymyxa Polypeptide gram-negative bacteria T [32,34]
Subtilin B. subtilis Lantibiotic gram-positive bacteria Formation of Pores’ Inhibition of [37,38]
cell wall synthesis.
oo B. lichenformis, . - . Inhibition of peptidoglycan
Bacitracin B. subtilis Polypeptide gram-positive bacteria. synthesis, [41,43]
gram-positive bacteria - .
Macrolactin B. subtilis Lantibiotic gram-negative bacteria Inh%b%t%on of c.ell waH. sy1.1the31s., [45,46]
virus Inhibition of viral replication.
. - . . gram-positive bacteria  Increased membrane
Surfactin B. subtilis Lipopeptide sram-negative bacteria  permeability. [51,52]
B. subtilis Inhibition of growth, Inhibition of
Iturin B ’ Lipopeptide fungi pathogens cell wall synthesis [44.54]
. pumulus .
Increased cell permeability.
gram-positive bacteria,
Difficidin B. subtilis Polyketide gram—negatlve baFterla Inhibition of protein synthesis [13,53]
multi drug resistant
strains.
. " . . Inhibition of cell wall synthesis
Fengycin B. subtilis Lipopeptide fungal pathogens Disruption of cell membrane. [46,48]
gram-positive bacteria,
Thuringiensin  B. thuringiensis Polyketide’ oo neEative Inhibition  of  nucleic acid 50 57
& ' 8 Y bacteriamulti ~ drug synthesis !
resistant strain.
S . . o . Increased membrane
Circulin B. circulans Polypeptide gram-positive bacteria permeability, Formation of pores [59]
— . . o . Increased membrane
Pumilicin B. pumilus Polypeptide gram-positive bacteria e T — [22,60]
Cerein B. cereus Polypeptide gram-positive bacteria  Formation of pores [60]
Zwittericin A B. cereus Aminopolyol gram—pos1t1.ve bacterl.a. Inhibition of protein synthesis. [62,64]
gram-negative bacteria
. . . ) . . s . Increased membrane
Lichenysin B. lichenformis Lipopeptide gram-positive bacteria permeability. [65,66]

in food and as a therapeutic agent in treating bacterial
infections [22,60].

Cerein

Cerein is a small peptide antibiotic produced by B. cereus.
It is characterized by its heat-stable nature and broad-
spectrum antibacterial activity. The peptide typically
consists of 28-34 amino acids and possesses a cationic
character, which facilitates its interaction with the
negatively charged bacterial cell membranes [22]. The
primary mode of action of cerein involves disrupting the
bacterial cell membrane. This disruption is achieved
through the insertion of the peptide into the lipid bilayer,
leading to pore formation and leakage of intracellular
components, ultimately resulting in cell death. This
mechanism is similar to that observed in other
bacteriocins and is effective against a range of gram-
positive bacteria, including Listeria monocytogenes and
Staphylococcus aureus [22,61]. Its ability to inhibit the
like  Listeria

growth of foodborne

pathogens
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monocytogenes makes it a promising candidate for food
preservation and safety. Additionally, cerein has shown
potential in clinical applications for treating infections
caused by antibiotic-resistant bacteria. Its stability and
efficacy make it an attractive option for developing new
antimicrobial agents and bio preservatives [61].

Zwittermicin A

Zwittermicin A is an antibiotic produced by Bacillus
cereus. Zwittermicin A is a novel aminopolyol antibiotic
characterized by its zwitterionic nature, which means it
contains both positive and negative charges at
physiological pH. This compound consists of a long
linear chain with amino and hydroxyl groups, making it
water-soluble and distinct from other antibiotics.
Zwittericin A acts by inhibiting the initiation and
elongation steps of translation, thereby preventing the
production of essential proteins [62]. Additionally,
zwittermicin A has been observed to interfere with cell

wall synthesis, further contributing to its antibacterial
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activity. This dual mechanism makes it effective against
a wide range of gram-positive and gram-negative
bacteria such as Escherichia coli and Pseudomonas syringae
including certain antibiotic-resistant strains [63]. Its
ability to target multiple bacterial processes makes it a
valuable agent in the development of new antibiotics,
especially in the era of rising antibiotic resistance [64].

Lichenysin

Lichenysin is a biosurfactant produced by B. licheniformis
due to its potentials to produce stable emulsions which
have a very potent surface-active capability. Lichenysin
is a cyclic lipopeptide consisting of a peptide ring of
seven amino acids linked to a hydrophobic fatty acid
chain. The fatty acid chain contributes to its amphipathic
nature, enabling it to reduce surface and interfacial
tensions effectively. This structure is crucial for its
biosurfactant properties, allowing it to aggregate at
thereby
stabilizing emulsions [65]. The amphipathic nature of

interfaces, reducing surface tension and
lichenysin allows it to insert into lipid bilayers,
disrupting the integrity of cell membranes. This action
can lead to cell lysis, particularly in gram-positive
bacteria. Its surface-active properties also facilitate the
emulsification of hydrophobic substances, making it
useful in applications such as bioremediation, where it
can enhance the breakdown of hydrophobic pollutants
[65,66]. lichenysin can be used in bioremediation to treat
oil spills and other environmental contaminants. Its
thermal stability and effectiveness at extreme pH levels
make it suitable for various environmental conditions

[66].

Regulation of Antibiotic

Bacillus species
The antibiotics producing potential of Bacillus species is

Production by

strictly by various factors notable among them are the
genetic regulation and the environmental regulation [67]

Genetic Regulation
The genetic regulation of the antibiotics production in

Bacillus species involves a series of steps which involves
the transcriptional mechanism, post transcriptional
mechanism and the epigenetic mechanism [1]. In the
transcriptional mechanism, regulatory genes are formed.
A cluster of genes which are packed called operons. The
operons are responsible for the production of antibiotics
as seen in the production of a lipopeptide called surfactin
[68].

In other cases, certain Bacillus strains use a two-
component regulatory system to biosynthesize their
antibiotics. The two-component system called the kinase

©NJB, BSN

127

Abbey et al.

sensor and the regulator response. Bacillus subtilis
produces the surfactin through the two-component
system ComP-ComA which is used to biosynthesize the
sarcastic a very potent antibiotic [12,37].

In the post transcriptional phase, tiny ribonucleic acid
RNA is applied to regulate the integrity and the
translation of mRNA encoding enzymes. The tiny RNA
targets the mRNA and degrade it making the translation
process very seamless. Certain binding proteins are very
essential in the post transcriptional phase as the binding
proteins binds to the mRNA severely affecting its
translation as a result, more antibiotics are produced [68]
In the epigenetic regulation, DNA is methylated. As a
result of the methylation, RNA polymerase is inhibited
and as such, antibiotics producing genes are the
synthesized. In some rare cases Bacillus species produce
affect the
chromosomal structure of the bacterial cell thereby

histone like proteins. These proteins
leading to the synthesis of antibiotics producing genes

[69]

Environmental Regulation

Nutrient availability plays a crucial role in the production
of antibiotics by Bacillus species. When nutrients are
readily available, the genes responsible for the
production of antibiotics are synthesized. Bacillus species
have the ability to sense environments rich in abundant
nutrients and as such, antibiotics are produced to
outcompete other microorganisms as a means of survival
[34]

The production of antibiotics is highly affected by the
presence of certain environmental stress factors such as
stress due to excess oxidation, shock as a result of heat
and stress due to osmotic pressure has a significant
impact on the antibiotics producing potentials of Bacillus
species [70]. When environmental stress is sensed, a
response from stress regulators is induced, when such
response is induced, the genes responsible for the
production of antibiotics are controlled so as not to cause

harm to the Bacillus species [68,70]

Application of Antibiotics Producing Bacillus
Critically understanding the potentials of Bacillus species

in the production of antibiotics is crucial as its application
can be very beneficial to various sector of our endeavor.
Antibiotics producing Bacillus species can be applied in
various setting including in agriculture, biotechnology,
industries and in medicine.

In Medicine
Antibiotics produced from Bacillus species can be applied

in the treatment of infections caused by bacteria and even
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bacteria known to be resistant against other antibiotics
[44]. It can also be applied as a preservative of some
pharmaceutical products to prevent it from microbial
contamination [28]. Antibiotic such as polymyxin can be
applied as inhalation therapy to treat respiratory
infections especially in patients with cystic fibrosis and
offers a ray of hope in the treatment of multidrug
resistant bacteria [32]. Bacitracin can be applied in the
treatment of bacterial infections of the eyes such as
conjunctivitis. It can also be applied in preventing
infections that may results due to cuts and scraps [13]
Macrolactin can be applied in the treatment of viral
diseases as a result of its ability to inhibits the viral
replication of proteins [42].

In Industries
Subtilin an antibiotic produced by Bacillus subtilis can be

applied as a food preservative in food industries as it is
very effective against Listeria monocytogenes a food borne
pathogen [10]. Macrolactin can be applied in the food
industries as natural preservatives thereby increasing the
shelf life of food and improving the quality and safety of
food [49]. Surfactin can be applied in the production of
detergents and other cleaning agents due to its
environmentally friendly nature [46].

In Biotechnology

Surfactin due to its properties as a biosurfactant can be
applied as a biotechnological tool in bbioremediation of
oil spills as it increases the solubility and bioavailability
of hydrophobic compounds [31]. As a result of the
interaction of Subtilin with the lipid 1I, such mechanism
can be studied and can be applied in making biosensors
which
contamination due to bacteria pathogens [36] In the

can be wutilized in the visualization of
fermentation process, Subtilin can be applied in
bioreactors to prevent bacterial contamination during the
process of fermentation [35]. Difficidin a broad-spectrum
antibiotic can be effectively applied a research tool to
study the function of the bacterial ribosome thereby
understanding the process of resistance development

[43].

In Agriculture
Certain Bacillus species produce antifungal agents such as

Fengycin and iturin which can be used to protect crops
from fungal pathogen and diseases induced by such
pathogens [44]. Antibiotics such as Fengycin can be
applied to coat seeds of plants prior to planting to
provide protection to the seeds from fungal pathogens
and improving their germination [33].
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Challenges and Limitation of Antibiotics

Producing Bacillus species
Microorganisms are constantly evolving and with time

may develop resistance to the antibiotics produced by
Bacillus leading to research for a novel compound for
combating resistant microorganisms.[71] emphasized on
the need for ensuring safety and ethical consideration
and all regulatory approval before use in particular in
agriculture and food producing industries. Certain
antibiotics produced by Bacillus species (gramicidin S and
Polymyxin are in limited use and only applied as the last
resort due to their nephrotoxicity and neurotoxicity
[31,72].

Fermentation process are not fully optimized and as
such, it remains a challenge in industries to ensure full
production an equitable distribution [43]. Poor storage
facilities in ensuring the stability and standard of
purification of the antibiotics poses a serious challenge
[73,74].

Conclusions.

Diverse strain of Bacillus species has been identified to
produce certain antibiotics such B. polymyxa, B. subtilis, B.
lichenformis, B. pumulus, B. brevis. The antibiotics
produced include gramicidin, polymyxin, fengycin,
iturin, subtilin, surfactin, macrolactin, difficidin. These
antibiotics are biosynthesized through various pathways
which is regulated by a combination of both genetic and
environmental factors such as nutrient availability,
temperature. These Bacillus have devised means to resist
harsh

understanding the

environmental conditions. By  carefully

mechanisms involved in the
antibiotics producing process, it can be applied in various
sectors of our daily endeavors including in medicine, in
biotechnology, in agriculture and in industries. It is of
paramount importance that continued research be
carried out on antibiotics producing Bacillus so effective
and long-lasting solutions can be applied in improving
the health of the people as well as environmental

sustainability, food security.

Future Prospects.

Production process of the antibiotics should be fully
optimized to increase the yield and efficient distribution.
Regulatory approval should be issued to antibiotics
derived from Bacillus species essentially in agriculture
and food industries. New derivatives of toxic Bacillus
antibiotics such as gramicidin and polymyxin should be
produced with effective antimicrobial potentials but with
a reduced level of toxicity. Effective storage facilities
should be developed in improving the stability of the
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antibiotics. Further research should be carried out into
the mechanisms of these antibiotics in order to
understand how these antibiotics can be optimized for
effectiveness. Some Bacillus species have not been
effectively studied and as such, these antibiotics can have
unique characteristics and the potentials of certain

antibiotics.
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