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Abstract

Bacteriocins are proteins secreted by many species of bacteria to inhibit other bacteria, thus eliminating
competitors to gain resources. Bacteria from the Lactobacillus group are known for their applications as
probiotics and food preservatives. They have earned a reputation for producing substances that inhibit
the growth of other microorganisms, which include organic acids, diacetyl, and bacteriocins. Produced
by the ribosomes, bacteriocins are cationic proteins that inhibit other bacteria coexisting within a shared
ecological habitat. Due to their potential uses in a variety of applications large-scale production of
Bacteriocins would be necessary. The study aimed to identify and characterize Lactobacillus bacteria
that produce potent bacteriocins and to analyze the antimicrobial activity and stability of the isolated
bacteriocin under various physical and biochemical conditions. A total of 50 samples including buffalo
dung, cheese, and rhizospheric region of plants were screened to isolate 8 Lactobacillus Li-1, Li-2,
Li-3, Li-4, Li-5, Li-6, Li-7, and Li-8, confirmed by gram staining and other biochemical tests. The cell
free supernatant from the Li-3 strain showed higher inhibition of Escherichia coli and Staphylococcus
aureus, as compared to the other isolated strains. Li-3 strain was further identified as Levilactobacillus
brevis strain ABRIINW-K by 16S rRNA gene sequencing. The bacteriocin isolated from this strain is a
thermostable peptide (~6kDa), which is characteristic of class Il bacteriocins, with potent antibacterial
activity against Lactobacillus rhamnosus, Escherichia coli, and Salmonella enterica.
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INTRODUCTION

In recent years, the exploration of natural
compounds with antimicrobial properties has
garnered significant attention due to the escalating
global concern over antibiotic resistance and its
potential impact on public health. Bacteriocins,
a class of ribosomally synthesized antimicrobial
peptides, have emerged as a promising substitute
for traditional antibiotics.’® These peptide
molecules exhibit a broad spectrum activity
against pathogenic microorganisms, including
bacteria, making them a subject of intense
research within the fields of food preservation,
pharmaceuticals, and clinical therapeutics.*®

Among the sources of bacteriocins, lactic
acid bacteria (LAB) have gained special attention
for their ability to produce these bioactive
compounds.®® Lactobacillus species, a prominent
group of LAB, has received wide attention for their
probiotic properties and their role in maintaining
gut health. In addition to their probiotic attributes,
certain strains of Lactobacillus have shown the
capacity to produce potent bacteriocins that
exhibit inhibitory effects against closely related
and even distantly related pathogenic bacteria.*>°
This dual functionality of some Lactobacillus
strains has spurred a growing interest in the
characterization of the bacteriocins produced by
them 13

The strain Lactobacillus brevis ABRIINW-K,
isolated from an unexplored ecological niche,
presents an intriguing opportunity for bacteriocin
discovery. The genetic diversity of LAB strains,
reflected in their distinct 16S rRNA sequences,
contributes to variations in their metabolic profiles,
antimicrobial capabilities, and probiotic potential.
Understanding the genetic and functional
attributes of L. brevis ABRIINW-K’s bacteriocin
holds promise for harnessing its antimicrobial
properties for applications in food safety, microbial
ecology, and biomedical interventions.®

This research paper aims to delve into
the isolation and characterization of bacteriocin
accomplished by L. brevis ABRIINW-K. By employing
a combination of biochemical, molecular biology,
and analytical techniques, we seek to elucidate the
structural properties, mode of action, spectrum
of activity, and potential applications of the

isolated bacteriocin. The findings of this study may
contribute to expanding the repertoire of natural
antimicrobial agents available for combating
bacterial infections and provide insights into the
broader ecological roles of bacteriocin-producing
LAB strains.'#1¢

In the following sections, we present
the methodology employed for bacteriocin
isolation, purification, and characterization
from Lactobacillus brevis ABRIINW-K isolated
from buffalo dung. Additionally, we will discuss
the results of our investigations, drawing
comparisons to existing literature and highlighting
the significance of our findings in the context of
antimicrobial research and application.”°

MATERIALS AND METHODS

All laboratory-based experimental studies
were conducted at the Microbiology laboratory,
IFTM University, Moradabad, Uttar Pradesh, India.
The indicator organisms used in the study are
Lactobacillus rhamnosus (MTCC 1408), Escherichia
coli (MTCC 1687), Staphylococcus aureus
(MTCC 737), and Salmonella enterica (MTCC 3858)
were obtained from MTCC, Chandigarh, India.

Isolation and screening of Lactobacillus strains
50 samples including buffalo dung,
cheese, and rhizospheric region of plants were
examined for the presence of bacteriocin-
producing Lactobacillus. Buffalo dung is rich
in organic matter and provides a nutrient-rich
environment. Bacteria that produce bacteriocins
can survive and thrive in such environments by
limiting competition from other microorganisms
that might utilize the available resources. Similarly,
some bacteriocin-producing bacteria are naturally
present in milk, the primary ingredient in cheese.
These bacteria can survive the cheese-making
process and become part of the cheese microbiota.
In addition, the rhizosphere is a highly competitive
environment with a diverse microbial community
vying for resources such as nutrients and space.
Bacteriocin-producing bacteria can inhibit or
kill competing microbial species, giving them
an advantage in establishing and maintaining
their populations that’s why these habitats were
selected to isolate the bacteria. Strains were
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identified by gram staining and other biochemical
tests like Gram staining to confirm its Gram-
positive nature, the catalase test, and the catalase
test, both of which should yield negative results.
Carbohydrate fermentation, H_S, indole, motility,
urease, MR-VP, and Oxidase were also assessed
and developed in 50.0 mL MRS broth (HiMedia)
at 30°C for 48 hours in a rotary shaker. After
incubation, cell-free supernatant was obtained
from each culture for screening of bacteriocin
production. The broth was centrifuged at
10,000 rpm for 15 minutes at 4°C and the
antibacterial capabilities of the supernatant
against E. coli and S. aureus was assumed by
well diffusion assay in Mueller Hinton agar
(HiMedia) plates as described earlier.?2? As per
our findings, Lactobacillus strain Li-3 was used
for further studies due to the higher activity of its
cell supernatant against both indicator organisms.

Molecular identification of Li-3 strain

Genomic DNA of the Li-3 strain has
been purified utilizing a QlAamp DNA kit
(Qiagen) and selective 16S rRNA gene has been
amplified utilizing the forward as well as reverse
primers 5'-GGATGAGCCCGCGGCCTA-3’ and
5’-CGGTGTGTACAAGGCCCGG-3’ respectively.®
The PCR conditions were in the following order:
the 5 minutes of initial denaturation at 96°C,
denaturation at 96°C for 30 seconds, 30 seconds
needed for annealing at 50°C, 1 minute and 30
seconds for the prolongation at 60°C.>* Sanger
dideoxy sequencing was carried out as previously
described.??¢ Applied Biosystems’ ABI 3130
genetic analyzer was used for the sequencing
process and chemistry big dye terminator version
3.1 cycle sequencing kit using a 50 cm capillary
array, POP-7 Polymer, and BDTv3KB Denovo
v5.2 protocol. Data was performed on the Applied
Biosystems SeqScape v5.2 software. The organism
has been observed by comparing the sequencing
data to the NCBI database utilizing the BLAST
(BasiciLocal Alignment Search Tool).?*?’

Bacteriocin isolation and antibacterial activity
For bacteriocin isolation, 50 mL MRS
broth with the Li-3 strain, hereon designated as
L. brevis ABRIINW-K, was grown at 30°C for 48
hours with continuous shaking. To partially purify
bacteriocin from the bacterial fermentation broth,

begin by centrifuging the broth at 10,000 rpm
for 10 minutes at 4°C to pellet the bacterial cells,
and then filtered the supernatant through a 0.22
pm membrane filter to remove residual cells and
debris. Next, gradually added solid ammonium
sulfate to the filtered supernatant to achieve 60%
saturation, stirring gently until fully dissolved.
Allowed the solution to precipitate at 4°C for
overnight, then centrifuged at 10,000 rpm for
10 minutes at 4°C to collect the protein pellet.
Dissolved the pellet in @ minimal volume of Tris-
HCl buffer (10 mM, pH 7.5) and dialyzed against a
large volume of distilled water or Tris-HCI buffer
at 4°C, changing the buffer several times over 24
hours to remove ammonium sulfate.?

The activity of the L. brevis ABRIINW-K
bacteriocin was assayed by the well diffusion
test method. 50 pL crude bacteriocin was added
into 8 mm diameter wells in Muller Hinton agar
(HiMedia) plates. Inoculum size was estimated by
the McFarland method. Approximately 1.0 x 108,
L. rhamnosus, E. coli, and Salmonella enterica
were plated onto the agar surface and incubated
at 37°Cfor 24 to 48 hours. Further, loss of activity
after treatment with proteases confirmed the
active component was a protein. Activity units
per milliliter (AU mL™) were determined by serial
two-fold dilution of the Bacteriocin. One AU
mL ! shows the reciprocal of the maximum
dilution at which a distinct zone of inhibition was
observed.?2?7:28

Effect of temperature, pH, and proteases on
bacteriocin activity

The inhibitory activity of L. brevis
ABRIINW-K bacteriocin was assayed against
indicator organisms upon exposure to different
physical and biochemical conditions. To study the
effect of temperature bacteriocin was heated at
50, 60, 70, 80, 90, and 100°C for 2 hours and at
121°C for 20 minutes, then antibacterial activity
was assayed against indicator organisms. The
stability of purified bacteriocin was assayed at pH
4,4.5,5,5.5,6,6.5,7.0,and 9.0, pH was adjusted
with sterile 1M HCL and 1M NaOH. The impact of
proteases on Bacteriocin was studied by treatment
with 0.1% w/v each of pepsin, proteinase K,
chymotrypsin, and trypsin (all from HiMedia) at
30°C for 2 hrs in separate reactions. The impact
of detergents like Triton X-100, Tween 20, and
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Tween 80 was tested at 0.5% v/v concentration.
Antibacterial activity for all tests was assayed in
triplicates.?2227

Size estimation of Bacteriocin by SDS-PAGE

Polyacrylamide gel electrophoresis (SDS-
PAGE) with sodium dodecyl sulfate was used to
separate the partially purified bacteriocin with a
16% resolving gel utilizing the tris glycine buffer
system, in a Mini-Protean Electrophoresis System
(Bio-rad).?® A pre-stained 2.5 to 45 kDa molecular
weight marker (Amersham Biosciences) was used.
Following electrophoresis, the gel was predicted
by staining with Coomassie BrilliantiBlue R-250
(HiMedia).?*

RESULTS AND DISCUSSION

Isolation and screening of Lactobacillus strains

In this study, eight Lactobacillus strains
labeled Li-1 to Li-8 were isolated and identified
through Gram staining and various biochemical
tests. All strains demonstrated the ability to
produce bacteriocins, aligning with the findings
of previous studies on Lactobacillus bacteriocin
production. The identification of these strains
contributes to the growing body of research
emphasizing the potential of Lactobacillus species
in antimicrobial applications.

The bacteriocin production observed in
our strains is consistent with earlier reports by
Todorov et al.,** who characterized bacteriocin-
producing Lactobacillus strains isolated from
traditional fermented foods. Similar to our findings,
they reported the inhibitory activity of these
bacteriocins against a range of pathogenic bacteria,
suggesting a broad-spectrum antimicrobial
potential.

The bacteriocin production observed in
our Lactobacillus brevis strain UN is consistent
with the findings reported by Gautam et al. 3%,
who also characterized bacteriocin production
by Lactobacillus brevis isolated from Dhulliachar,
a traditional food product of North East India.
Their study demonstrated the purification and
characterization of this bacteriocin, revealing its
broad-spectrum antimicrobial activity against
several pathogenic bacteria, which aligns with
our observations. This suggests that the specific

conditions and microbial communities in traditional
fermented foods like Dhulliachar may foster the
development of potent bacteriocin-producing
strains with significant antimicrobial properties.

In addition, the study by Jang et al.>?on
Lactobacillus brevis KU15153, isolated from kimchi,
supports our findings by highlighting the broad
antimicrobial effects of bacteriocins produced
by Lactobacillus brevis. They characterized the
bacteriocin's inhibitory effects against a variety
of pathogens, similar to the spectrum observed in
our study. The work by Jang et al. also emphasized
the probiotic characteristics of Lactobacillus brevis,
further underlining the potential health benefits of
strains isolated from traditional fermented foods.

Moreover, Elayaraja et al.* studied the
bacteriocin produced by Lactobacillus murinus
AUO06 and reported a broad antibacterial spectrum,
which echoes the broad-spectrum activity found
in our Lactobacillus brevis strain UN. Their
research, like ours, involved the purification and
characterization of bacteriocins, adding to the
body of evidence that bacteriocins from different
Lactobacillus species can effectively inhibit a wide
range of pathogens.

Finally, the work by Mounier et al.**
on bacteriocins in smear-ripened cheeses
provides additional context by exploring the
role of bacteriocins in the complex microbial
ecosystems of fermented foods. Although their
focus was on cheese, the principles of bacteriocin
interaction within microbial communities and their
preservation qualities are relevant to our study, as
they highlight the versatility and importance of
bacteriocins in food safety and microbial balance.

In a comparative study by Ogunbanwo et
al.,*® the bacteriocins produced by Lactobacillus
strains isolated from fermented food products
exhibited notable antimicrobial activities. Their
strains, like ours, were identified and characterized
using Gram staining and biochemical tests,
affirming the reliability and consistency of
these methods for identifying bacteriocinogenic
Lactobacillus species.

Furthermore, the study by Parvez et
al.?® highlighted the importance of bacteriocin-
producing Lactobacillus in probiotic applications.
Our isolated strains may have similar probiotic
potential, given their ability to inhibit pathogenic
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bacteria. This potential is further supported by
our preliminary observations on the stability
and activity of the bacteriocins under various
conditions, akin to the stability characteristics
reported by Yang et al.*’

Our study adds to the existing literature
by not only confirming the bacteriocin-producing
capability of these eight Lactobacillus strains
but also by preserving these strains for future
research. This preservation is crucial for detailed
genetic and proteomic analyses to understand the
mechanisms underlying bacteriocin production
and their applications in food preservation and
human health.

In this study, we isolated eight
Lactobacillus strains from diverse environments:
the rhizospheric region of plants (Li-1 and Li-2),
fecal samples of buffalo dung (Li-3 and Li-4),
and cheese samples (Li-5 to Li-8). All strains
demonstrated the ability to produce bacteriocins,
as evidenced by the inhibitory activity of their
supernatants against pathogenic bacteria. The
protease sensitivity of these bacteriocins suggests
that their antibacterial activity is proteinaceous,
aligning with the characteristics of known
bacteriocins.

Comparative studies have similarly
reported the isolation of bacteriocin-producing
Lactobacillus strains from varied sources. For
instance, Todorov et al.®® isolated Lactobacillus
strains from traditional fermented foods, which
exhibited significant antimicrobial activity, akin
to our findings with strains from cheese samples.
Their study also emphasized the importance of the

source in determining the bacteriocin spectrum
and potency, a trend observed in our results,
particularly with the superior activity of Li-3.

The inhibitory activity of Li-3, isolated
from buffalo dung, was notably high against
both Escherichia coli and Staphylococcus aureus,
outperforming the other strains. This is consistent
with Ogunbanwo et al.,*® who reported robust
bacteriocin activity from Lactobacillus strains
isolated from animal sources, suggesting that
such environments might harbor strains with
potent antimicrobial properties. The enhanced
activity of Li-3 could be attributed to the unique
microbial interactions and competitive pressures
in the gut microbiota of buffalo, which select for
highly antagonistic bacteria.

Our findings are also in agreement with
the work of Parvez et al.,*® who highlighted the
probiotic potential of bacteriocin-producing

Table 1. Biochemical identification of Lactobacillus
strains

Characteristics  Lactobacillus Li-3-strain
rhamnosus Levilactobacillus
(MTCC 1408) brevis

Gram stain Gram-positive Gram-positive
H,S Negative Negative
Catalase Negative Negative
Indole Negative Negative
Motility Negative Negative
Urease Negative Negative
MR-VP Negative Negative
Oxidase Negative Negative

Figure 1. Antibacterial activity of Lactobacillus isolated from buffalo dung, (1) Well A: Li-3, Well B: Li-4, Well C: Li-4,
and Well D: negative control. (2) Well A: negative control, Well B: Li-4, Well C: Li-3, and Well D: Li-3
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25kb —*>

500 bp —»

Figure 2. Agarose gel electrophoresis of (1) Amplified
region of 16S rRNA gene of the Li-3 strain with ~1500bp
size, (L) 500bp DNA ladder

Li3

Lactobacillus strains. The inhibition of common
pathogens by Li-3 underscores its potential
application in probiotic formulations aimed at
improving gut health and preventing infections.
Moreover, the study by Yang et al.*” on the stability
and activity of Lactobacillus bacteriocins under
various conditions further supports the feasibility
of using Li-3 in diverse applications, ranging from
food preservation to clinical therapeutics.

The protease sensitivity of the
bacteriocins produced by our strains indicates
that their antimicrobial components are proteins,
as demonstrated by previous research.3®3¢
This characteristic is crucial for their functional
categorization and potential application in
environments where protein stability can be
managed.

The exceptional performance of Li-3,
in particular, warrants further investigation.
Future research will focus on the molecular
characterization of its bacteriocin, assessing its
genetic basis, mode of action, and spectrum of
activity. Additionally, its application in real-world
scenarios, such as food safety and as a probiotic,
will be explored. Understanding the precise

26 JN383920.1:1-1734 Lactobacillus brevis strain ABRIINW- k 16S ribosomal

CP031208.1:902982-9047 14 Levilactobacillus brevis strain UCCLBS521

_| e CP031208.1:86171-87903 Levilactobacillus brevis strain UCCLB521

—  — JN368473.1:1-1739 Lactobacillus brevis strain ABRIINW-P 16S

CP031208.1:1472714-1472858 Levilactobacillus brevis strain UCCLBS521

CP031208.1:1473066-1474648 Levilactobacillus brevis strain UCCLB521

Figure 3. Phylogenetic tree of Levilactobacillus brevis strain ABRIINW-K using the Fast Minimum Evolution method

in the Blast Tree View Widget on NCBI server
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mechanisms by which Li-3 exerts its antimicrobial
effects will be crucial for developing effective
strategies to harness its potential.

In conclusion, this study not only
confirms the bacteriocin-producing capabilities
of Lactobacillus strains from diverse sources but
also identifies the Li-3 strain as a particularly
potent candidate for further exploration. These
findings contribute to the expanding knowledge
of Lactobacillus-derived bacteriocins and their
applications, with the potential to develop natural
and effective antimicrobial solutions.

Isolation and screening of Lactobacillus strains
Eight Lactobacillus cultures were isolated

and identified by gram staining and other

biochemical tests (Table 1). All 8 strains were found

to produce Bacteriocins and were preserved for
future research. These strains were labelled from
Li-1 to Li-8.

Li-1 and Li-2 were isolated from the
rhizospheric region of plants, Li-3 and Li-4, were
isolated from fecal samples of buffalo dung,
and Li-5, Li-6, Li-7, and Li-8 were isolated from
cheese samples. The inhibitory activity of the
supernatant preparations from each organism
containing crude bacteriocins is presented in Table
2. Treatment of the supernatants with proteases
resulted in inhibition of their antibacterial
activity. Lactobacillus strain Li-3 showed the
highest inhibition of both E. coli and S. aureus
(Figure 1). Therefore, the Li-3 strain was considered
for further exploration of its bacteriocin properties.

Table 2. Screening of Bacteriocin activity of Lactobacillus strains

Indicator Li-1 L-2 L-3 L4 Li-5 Li-6 Li-7 Li-8
strain

E. coli + + +++ + ++ - - ;
S. aureus - - +++ - - - - -

(-); No inhibition, (+); 1-5 mm low inhibition, (++); 5-10 mm moderate inhibition, (+++); 10 mmi high inhibition

Table 3. Antibacterial activity of L. brevis ABRIINW-K
bacteriocin

Indicator Antibacterial

strain activity
(AU mL?)

L. rhamnosus 6400

Salmonella enterica 3200

E. coli 3200

Molecular identification of Li-3 strain

About 1,500 bp region of the Li-3 16S rRNA
gene has been amplified (Figure 2) and sequenced.
Analysis of the amplified sequence using BLAST
search on the NCBI server showed 99.52%
similarity to Lactobacillus brevis ABRIINW-K strain
(Sequence ID JN368471.1). Phylogenetic analysis
of the strain is presented in Figure 3. Owing to

Pl C i
B /
7

Figure 4. Antibacterial activity of L. brevis ABRIINW-K bacteriocin showing zone of inhibition against indicator strains
(1) L. rhamnosus, (2) Salmonella enterica, and (3) E. coli. 0.1 mL of the bacteriocin was added to wells A, B, and C
in each plate. 0.1 mL sodium acetate buffer was added to well D as a negative control.
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Figure 5. The antibacterial activity of bacteriocin after
treatment with proteases. (A) Pepsin, (B) Trypsin, (C)
Chymotrypsin, and (D) Proteinase K treated bacteriocin
were added to each well in plates spread with E. coli
culture

their probiotic potential, bacteriocin-producing
L. brevis has also been isolated and characterized
from diverse sources like traditional food products,
various plants, animals, and human sources.?"*

Bacteriocin purification from L. brevis ABRIINW-K
and antibacterial activity

The partially purified L. brevis ABRIINW-K
bacteriocin obtained by dialysis showed active
inhibition of all indicator strains L. rhamnosus,
Salmonella enterica, and E. coli upon 24 to 48
hours of incubation at 37°C (Figure 4). Results are
presented in Table 3. It is evident from past studies
that bacteriocin from Lactobacillus species has the
potential to inhibit or kill closely related as well as
other groups of bacteria.

Effect of temperature, pH, and proteases on
bacteriocin activity

The partially purified L. brevis ABRIINW-K
bacteriocin heated at 50, 60, 70, 80, 90, and
100°C for 2 hours, showed no changes in their
activity against indicator strains, but lost complete
activity against indicator strains when heated at
121°Cfor 20 min, thus confirming its thermostable
characteristics.®® The bacteriocin remained stable
between pH 5.5 to 8.5 and showed a decrease
in its potency beyond this pH range. Complete
bacteriocin activity has been eliminated after
treatment with all of the proteases pepsin,
proteinase K, chymotrypsin, and trypsin (Figure 5).

55 kDa
45 kDa
30 kDa

20.1 kDa

14.3 kDa

6.5 kDa

3.5kDa

2.5 kDa

Figure 6. Size estimation of Bacteriocin by SDS-PAGE.
Lane 1 Molecular weight marker, and Lane 2: Partially
cleaned L. brevis ABRIINW-K bacteriocin

Since bacteriocins are peptides that are sensitive
to proteolytic enzymes.?*

Size estimation by SDS-PAGE and classification
of bacteriocin

SDS-PAGE analysis of the L. brevis
ABRIINW-K bacteriocin compared to low molecular
weight protein marker presented a clear band
of approximately 6 kDa (Figure 6). Contaminant
proteins were detected at lower concentrations.
The low molecular weight and thermostability
of the bacteriocin correspond to characteristics
of class Il bacteriocins as confirmed by earlier
studies.®

CONCLUSION

Cell-free supernatants from eight
Lactobacillus species showed antibacterial
properties against various foodborne pathogens,
suggesting potential use as a natural antimicrobial
agentin food production. This could be a substitute
for preservatives in organic foods. A potent
bacteriocin from the Lactobacillus strain, L. brevis
ABRIINW-K, was isolated and characterized,
confirming its broad-spectrum activity and
potential as a novel antimicrobial agent. Future
research should focus on purification, structural
elucidation, in vivo efficacy studies, and safety
assessments. The data collected may also help
explore other unexplored bacteriocins and
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microorganisms, enriching our understanding of
their diversity and functional significance within
microbial ecosystems.

In summary, these reports add to the
expanding knowledge of bacteriocins and their
promise as natural substitutes for conventional
antibiotics. The combination of molecular,
biochemical, and biophysical techniques has
allowed us to unravel the intricate details of this
bacteriocin’s properties, providing a foundation for
further research in areas such as food preservation,
medical therapeutics, and biopreservation.
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