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Abstract

Antibiotic resistance with modern medicine is a biggest threat
to mankind. Scientists are seeking for product which is used as an
alternative to antibiotic with less side effects. Bacteriocins are
antimicrobial peptide produced by Lactic Acid Bacteria (LAB) that have
potential applications in food industry as natural preservatives. In our
study we isolated bacteriocin producing Lactobacillus VRN-25from
Neera (a probiotic drink) collected from Karnataka border, Telangana
Region and screened for bacteriocin production by agar disc diffusion
method. Among the 40 isolates VRN-25, showed maximum zone of
inhibition against Klebsiella pneumoniae (27mm), Staphylococcus
aureus (22mm) and Candida glabrata (16mm). Hence, VRN-25 was
selected and characterized by Morphological, Biochemical and Molecular
methods.VRN-25 was identified as Lactiplantibacillus plantarum
(ON692894). Partial  purification was done by RP-HPLC with retention
time of  3min. Stability of bacteriocin  was nil when treated with protease
K, whereas lysozyme, pepsin and  α-amylase has enchanced the activity.
Bacteriocin was stable at temperature from 20-110p C and pH 2.0 –pH8.0,
stability with detergents and surfactant such as Triton X-100, SDS,
Tween-80 showed no change in stability whereas stability was more
with Nacl. This work shows that the bacteriocin from  L. plantarum is
stable between temp 20-110p C and pH 2.0-pH 8.0, thus can be used to
control the growth of harmful bacteria in a variety of food products,
dairy products, meat products, and vegetables.
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Growing issue of Multi Drug Resistant
(MDR) pathogens and rapidly declining
antibiotic arsenal may be biggest problems
facing humanity in the 21st century. Drug
resistance is one of the most serious health
threats facing humanity. It could cause 10
million deaths per year22. One alternative is
the use of bacteriocins, which are antimicrobial
peptides produced by bacteria which kill or
inhibit the growth of other bacteria, including
those that are pathogens1. Bacteriocins are
typically small in size and have a broad
spectrum of activity against bacteria. Bacteriocins
are considered as promising alternatives to
traditional antibiotics, as they are less likely to
cause antibiotic resistance and have fewer
side effects1.  Bacteriocins are potential
alternatives to antibiotics in management of
MDR infections4.  Emergence of MDR
pathogens has reduced the efficacy of common
antibiotics, and as a result, there is a particular
need for development of new antimicrobial
agents4. Bacteriocins are considered potential
alternatives to traditional antibiotics for
combating MDR pathogens. Bacteriocins are
classified as Class I: Lantibiotics - small, heat-
stable peptides that contain unusual amino
acids, such as lanthionine and methyllan-
thionine, which are formed by post-translational
modifications. Class II: Non-Lantibiotics -
larger, heat-labile peptides that do not contain
lanthionine or methyllanthionine, but have
disulfide bridges, β-sheets or α-helices
structures. Class III: Large heat-labile proteins
with diverse structures and mechanisms of
action, such as bacteriophages, toxins and
bacteriocins produced by Bacillus species.
Class IV: Complex bacteriocins -heterogenous
class that contains different types of bacteriocins,

such as two-peptide bacteriocins, circular
bacteriocins, bacteriocins with lipid II binding
domains11. Bacteriocin have various applications
food preservation and also been reported to
have various therapeutic purposes, including
treatment of peptic ulcers, as a spermicidal
agent, for woman care, as an anti-cancerous
agent, and for plant growth promotion in
agriculture1.

Isolation and Identification of LAB :

LAB was isolated from Neera (a
probiotic drink)17. Fresh neera was collected
from the Karnataka border, of Telangana state
Hyderabad. 1ml of each sample was cultured
on De Man Rogosa and Sharpe agar (MRS),
plate for 24h at 37oC. Selected colonies with
distinct morphology were subcultured on MRS
agar plates. Only catalase-negative, Gram
positive colonies were assumed to be LAB.

Detection of Antimicrobial Activity of
Isolated Bacterial strain :

Detect the antimicrobial activity of
these isolated LAB was done by well diffusion
assay methods.LAB isolate grown in MRS
broth at 37oC for 48h under stationary
condition, fermented broth was centrifuged at
10,000 rpm for 10 min. Antimicrobial activity
of supernatant was tested by agar well diffusion
method. An overnight culture of  test
organisms grown in their respective medium
at 37oC was diluted to a turbidity equivalent to
that of a 0.5 McFarland standard6.

Primary Characterization and Molecular
Identification of VRN-25 :

Preliminary identification of LAB
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isolates was based on phenotypic and
biochemical characteristics which includes
Gram’s stain reaction, cell morphology, catalase
test, oxidase  standard morphological and
biochemical characteristics described in
Bergey’s manual of systematic bacteriology9.
Molecular identification of LAB was
determined by 16SrDNA sequencing. Genomic
DNA was isolated from the sample. The ~1.5
kbp, 16s-rDNA fragment was amplified using
high–fidelity PCR polymerase. The PCR
product was sequenced bi-directionally. The
obtained homologous sequences, were searched
in using the Basic Local Alignment Search Tool
(BLAST)2 and sequence was submitted to
GenBank sequence database and accession
number was obtained.

Purification of Bacteriocin from
Lactiplantibacillus plantarum strain 1625:

For the bacteriocin purification,
supernatant was collected after extraction was
done by 70% ammonium sulfate precipitation
incubated overnight at 4oC and was again
centrifuged at 15,000rpm for 10min.The
centrifuged broth was collected and dialyzed
extracted by solvent method using Cholorform:
Methanol (2:1)5. Purity of bacteriocin was
determined by HPLC equipped with a
chromatographic column of SB-C18.
Bacteriocin was loaded into the HPLC column
which contains Solvent A (Water: Acteonitrile
= 1:99) and solvent  B (Acteonitrile 100%)
were used. Gradient elution was programmed
as follows: initial solution ratio was A:B=1:10
for 10min,10-30min for gradient elution,the final
solution ratio was A:B=0:1,solution flow rate
was 0.8ml/min,column temperature was 25oC.
One ml samples was monitored at 280nm16.

Effects of Enzymes, pH, Temperature
Detergents and surfactants on Bacteriocins:

Partially purified bacteriocin was
incubated for 2h at 37oC with 1mg/ml of
enzymes trypsin , proteinase-K, α-amylase,
pepsin, cellulose, and lysozymes,  the
antimicrobial activity of bacteriocin was
checked. Partially purified bacteriocin with pH
2.0-11.0 with sterile 1M NaoH and 1M Hcl
were incubated for 2h and antimicrobial activity
of bacteriocin was checked. Effect of
temperature on Bacteriocins activity was
evaluated by heating at 20-121oC. Partially
purified bacteriocin was incubated at 37oC for
2h with 1 % (w/v) of SDS, Tween-20, Tween-
80, Triton X-100, Nacl, EDTA, β-mercaptoethanol
and the antimicrobial activity of sample was
checked by agar well diffusion assay20.

Isolation of Bacterioicin producing strain
and its antimicrobial activity :

A total of 45 Gram positive and
catalase negative LAB strains were isolated
from traditional probiotic drink Neera, of which
40 LAB strains exhibited antimicrobial activity
against Escherichia coli(ATCC-8739),
Pseudomonas aeruginosa (ATCC-9027),
Proteus vulagaris, S. epidermidis (ATCC-
12228), S. aureus(ATCC-6538), P. plecog-
lossicida, Bacillus subtilis (ATCC-6633),
Streptocococus faecalis (ATCC-8043),
Candida albicans (ATCC-10231), C. glabrata,
C. haemulone by disc diffusion method.

Identification of  VRN-25 as
Lactiplantibacillus plantarum strain 1625
Isolate VRN-25 Isolated from neera (probiotic
drink) was  characterized as  gram positive,
non-flagellated, nonspore forming, rod shaped
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bacterium that doesn’t show catalase activity
(Table-1). Isolated strain was next identified
and confirmed as Lactiplantibacillus
plantarum 1625 (Accession no-ON692894).
Its neighbour joining phylogenetic tree was
constructed by sequence alignment comparison
using MEGA-7 software. Analysis of strain’s
16sRNA nucleotide sequence revealed  100%
similarity with that of Lactobacillus plantarum
strain 1625 and  Lactobacillus plantarum
strain 225(Table-2). Several L. plantarum
stra ins have been isolated from many
fermented foods and vegetables, including L.
plantarum KLDS1.03917, L. plantarum LB-
B122 , L. plantarum LPCO1010, L. plantarum
C193, L. plantarum KLAB2115,  and L.
plantarum 163 13, which were isolated from
different fermented cream, fermented foods
and traditional Chinese fermented vegetables
respectively. In the present study strain VRN-
25 was identified as Lactiplantibacilli-
plantarum strain 1625 (ON692894) which is
isolated from neera a traditional probiotic drink.
Therefore, findings suggest that L. plantarum
is isolated from neera may have particularly
high bacteriocins production (Fig. 1a & b)
capability.

Antimicrobial spectrum Bacteriocin
producing L. plantarum :

Partially purified bacteriocins produced
by L. plantarum was purified by ammonium
sulphate precipitation exhibited a good
antimicrobial spectrum (Table-3) and
significantly inhibited gram negative Escherichia
coli (ATCC-8739), Klebsiella pneumoniae
(ATCC-2706), Pseudomonas aeruginosa
(ATCC-9027), Proteus vulgaris, P. pleco-
glossicida, and Gram positive S. epidermidis

(ATCC-9027), S.aureus (6538), Streptoco-
cocus faecalis (8043), B. subtilis (ATCC6633),
and fungal pathogens Candida albicans
(ATCC-10231), C. glabrata, C. haemulone.
In our study K. pneumoniae  has shown zone
of  inhibition of 27mm and S. aureus (6538)
showed 22mm zone of inhibition, while C.
glabrata showed 16mm zone of inhibition
(Table-3: Fig. 2 a,b). Plantaricins produced by
L. plantarum strain has shown zone of 4mm
with L. monocytogenes (ATCC-1911) and
3mm with S.aureus D-523.  Plantaricin
produced by L. plantarum LP31 showed
bactericidial activity against Pseudomonas sp,
Staphylococcus aureus, Bacillus cereus,
and Listeria monocytogenes with 15-20mm
zone of inhibition14 Similarly some of the
Bacteriocins found to have similar activity
produced by Plantaricin 163 showed inhibition
zone against gram positive and gram negative
bacteria15. Planticin MG has showed inhibitory
activity against L. monocytogenes, S. aureus,
S. typhimurim, and E. coli7.

Purification of Bacteriocin by L. plantarum
strain 1625 :

Partially purified bacteriocin from L.
plantarum were obtained by chromatography.
Partially purified fraction revealed a maximum
absorbance at 280nm. Following final
purification by RP-HPLC, the chromatogram
showed only one peak, where the retention
time was 3min (Fig. 3). Our results correlate
with Ranga et.al.,18 the purified sample
showed a distinct peak at 2.192 min
corresponding to the peak at 2.192 min for
standard bacteriocin. Some studies have
employed these techniques for purification of
plantaricin 16313 Plantaricin MG7, Plantaricin
GZ1-278, Plantaricin LR14α19.
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Table -1 Biochemical Characteristics of the Isolate-VRN-25
Test performed observation
Morphology Rods
Gram Staining Positive
Motility Negative
Voges Proskauer Positive
Catalase Test Negative
Citrate Utilization Assay Negative
Gas Production Postive
Oxidase Negative

Table-2 Genomic Identification of Identified Bacterial species-VRN-25
BLAST results Gen bank accession number
Lactiplantibacillus plantarum strain 1625 ON692894

       a) b)
Fig. 1a Purified colonies of  Lactiplantibacillus plantarum strain on MRS

         b. Phylogenetic tree of Lactiplantibacillus plantarum strain 162

Table-3 Zone Of Inhibition By Bacteriocin Producing Lactiplantibacillus
Plantarum Strain 1625

Test organsism Zone of inhibition
Escherichia coli(ATCC-8739) 16mm
Pseudomenas aeruginosa(ATCC-9027) 12mm
Klebsiella pneumonia 27mm
Proteus vulgaris 20mm
Slaphylococcus aureus(6538) 22mm
Slaphylococcus epidermidis(ATCC-12228) 15mm
Streptoccocus faecalis(8043) 15mm
Pseudomonas plecoglossicida 15mm
Listeria monocytogenes 12mm
Bacillus subtilius 21mm
Candida haemulonei. 15mm
Candida glabrata, 16mm
Candida albicans(ATCC-10231) 14mm
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Fig. 2. Zone of Growth Inhibition against pathogen by bacteriocin  produced by
L. plantarum strain 1625

Fig. 3. HPLC peak at retention time of 3min

         Fig. 4. Effects of Enzymes      Fig. 5. Effects of Temperature
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      Fig. 6. Effects of pH Fig. 7. Effects of  Surfantant and Detergent

Effect of Enzyme, Temperature, and pH,
Surfactant and Detergent Effect on
Bacteriocins Produced by L. platarum:

Stability of bacteriocin produced by L.
plantarum was tested against E. coli (ATCC-
8739),  P. aeruginosa (ATCC9027),  K.
pneumoniae (ATCC2706), S. aureus (6538),
S. epidermidis (ATCC-12228). Antimicrobial
activity of L. plantarum was nil after treatment
with protease-K, whereas Lysozyme, pepsin
and α-amylase has enhanced the activity,
trypsin and cellulose has reduced the activity
(Fig. 4). Bacteriocin produced by L. plantarum
was tested at different temperatures (20,
40,60,80,100,110,121), (Fig. 5) and pH from
pH 2.0 to pH 12.0 at which the bacteriocin
was stable at temperature from 20-110oC,
where as the stability was lost at 121oC and
pH stability of bacteriocin was from pH 2.0 to
8.0, whereas the stability was lost after the
pH 9.0 (Fig. 6). Bacteriocin stability with
detergent and surfactant was  checked with
SDS, Tween-20, tween-80, TritonX-100, Nacl,
EDTA, β-mercaptoethanol, which showed no
change in activity with Triton X-100, SDS,

Tween-80, whereas with Nacl the stability
was more (Fig. 7). Our results correlate with
Lactobacillus plantarum 163 which produce
plactaricin was stable at 60,80,100,121oC and
pH from pH 2.0 to pH 10.0, and the enzyme
stability was lost with protease K13 and
temperature  and pH the bacteriocin was stable
at 60,80,100,121oC and pH from 2.0-10.0 and
also the stability of Bacteriocins stable after
treatment with organic solvents, surfactants,
and detergents but increased in response to
EDTA when compared with our result12. Our
results revealed no response to EDTA but Nacl
enhance the zone of inhibition.

In the study bacteriocin was isolated
from L. plantarum which has shown zone of
inhibition against gram positive and gram
negative and fungal pathogen which are active
at small amount and they are species specific
which shows that, these bacteriocins can be
used in medical fields as an alternative for
antibiotic. Bacteriocin produced by the L.
plantarum is stable at high temperature and
low pH which can be used in food preser-
vation.
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