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ABSTRACT

The efforts for prevention of food borne iliness and infections draw great attention, worldwide.
Different methods, both physical as well as chemical, are commonly used for improving shelf life of
food, but limited efficiency of physical methods, and potential health hazards associated with chemical
methods, have brought biological processes in the limelight. One such natural, environment friendly,
highly effective natural food preservants are, bacteriocins. Thus, there is a continuous need for better
bacteriocin producers in the search for more effective bacteriocins than what are already available
in the market. In the current study, food samples were collected from local market of Jalandhar,
Punjab, and evaluated for bacteriocin producing Lactic acid bacteria. Enterococcus sp. YT3 was
found to be the most efficient bacteriocin producer among the isolates, with higher bacteriocin activity
exhibited by the given strain under optimized cultural conditions. The partially purified bacteriocin
have molecular weight between 35kDa & 48kDa, possess pH (2-10) and thermal stability (even at
121°C for 20 min), and exhibit antimicrobial activity against different bacteria (E. coli, P. aeruginosa,
S. aureus, B. subtilis and L. monocytogenes). Future studies will focus on checking different food
samples for real time evaluation of shelf life improvement.
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INTRODUCTION

Bacteriocins are the ribosomally
synthesized anti-microbial peptides produce of
some bacteria and are known to act against closely
related microbes. Owing to such valuable biological
potential, research has been focussed to isolate
and characterize efficient bacteriocin producing
organisms, which can further be utilized for large

scale applications in health and food industry’. Lactic
acid bacteria (LAB) represent a group of important
bacteriocin producers, commonly associated with
various food substances. Food sources like, meat
and meat products, milk and milk products, are
rich in microbial diversity including, Lactic acid
bacteria (LAB). The bacteriocins, from LAB strains
are considered to be the most eminent and natural
alternatives/supplements to some classical food
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preservation techniques such as, drying and deep
freezing, and use of artificial chemical preservatives.
Examples include, meat and meat products where,
benzoic acid and sorbic acid are often used for the
purpose of preservation?34. Nisin, a bacteriocin
of Lactococcus lactis, is one example of FDA
approved food preservative', which show exceptional
efficacy as a natural food preservative. Still, certain
limitations with applications of nisin such as, narrow
spectrum of antimicrobial activity, inactivity at higher
pH, non-uniform distribution, interference by food
components such as phospholipids, and emergence
of nisin resistant microbial strains'®, has kindled the
need to look for its alternatives.

The bacteriocins of lactic acid bacteria such
as, Lactococcus, Lactobacillus, and Enterococcus,
possess wide range of biological potentials®®, but
their real time usage in health and food industrial
sector, are still limited. The present study attempts for
the isolation and screening of bacteriocin producing
LAB strains, possessing efficient antimicrobial
potential that can further be explored as a natural
and powerful food preservative as such bacteriocins
are the demand of time as food borne diseases are
of major concern, globally’.

MATERIAL AND METHODS

Procurement and Maintenance of cultures

Five indicator bacterial strains, E. coli,
Pseudomonas aeruginosa, Listeria monocytogenes,
Staphylococcus aureus, Bacillus subtilis were
used in the study. The lyophilised cultures of E. coli
MTCC1687 and L. monocytogenes MTCC1143 were
purchased from Microbial Type Culture Collection
Centre (MTCC), Chandigarh, Punjab, and revived in
Nutrient broth and Brain Heart Infusion (BHI) broth,
respectively. Glycerol stock of S. aureus, B. subtilis
and P, aeruginosa were obtained from laboratory of
Microbiology, Department of Microbiology, Lovely
Professional University, Punjab. All bacterial cultures
were inoculated in Nutrient Broth, incubated at 37°C
for 24 h, and then, streaked onto appropriate nutrient
media Mannitol Salt Agar (S. aureus), Nutrient agar
(S. aureus) and Cetrimide agar (P aeruginosa),
respectively, and subsequently incubated at 37°C
for 24 h (Table 1). The cultured plates/slants, so
obtained, were further stored under refrigerated
conditions (4+2°C). For long term preservation,
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1 ml of bacterial culture, individually, was added to
1 ml sterilised 30% glycerol aseptically, in 2 ml cryo
vials. All the vials were then stored at -20°C.

Collection of food samples for bacteriocin
producers

Different samples of milk & milk products,
salami and raw chicken, from local shops, and
homemade curd samples, from local residents of
Jalandhar, Punjab, India, were collected and thereafter
kept in sterile plastic bags safely. The obtained
samples were transported to Microbiology laboratory,
Lovely Professional University, Punjab, India, over ice
in an icebox, and processed immediately.

Isolation and screening of lactic acid bacteria
from food samples

One gram, each of raw chicken and
salami, were macerated and homogenized in 10 ml
of double distilled sterilized water. 1 ml of milk and
homogenised curd samples were added in 9 ml of
double distilled sterilized water and individual stock
samples, thus prepared. All the samples were diluted
serially, spread plated on Bile Aesculine Azide
Agar, aseptically, followed by incubation at 37°C for
24 hours. Bacterial colonies so obtained, were
studied for morphological (colour, shape and texture
of colonies), subjected to microscopic (Gram’s stain
reaction, bacterial cell shape and arrangement)
examination, and catalase test for selected bacterial
colonies®%'%" Thereafter, the obtained isolates were
studied for the different biochemical screening tests
as depicted in Table 3.

Preliminary screening of strains for Bacteriocin
production

Selected isolates, as obtained above,
were screened for bacteriocin production. 2-3
colonies were randomly picked from pure cultures
of the selected bacterial isolates, and transferred
aseptically to 10 ml seed culture media (MRS broth).
After incubating for the period of 24 h at 37°C, the
obtained cultured broths were centrifuged at 10,000
rpm for 10 minutes. The cell free supernatant (CFS)
was separated from pellets. 100 pl of CFS was added
into wells (8 mm) on sterilised Muller Hinton Agar
media plates, having lawn cultures of different test
organisms (E. coli, P aeruginosa, L. monocytogenes,
S. aureus and B. subtilis). The plates were then
incubated for 24 h at 37°C. Eventually, the zone of



SINGH et al., Orient. J. Chem., Vol. 35(5), 1584-1596 (2019)

inhibition (ZOI), in mm, was measured for selected
LAB strains, against selected pathogens'3,
Amongst the six isolates, the isolate exhibiting
antimicrobial activity against maximum number of
indicator strains was selected for the further study.
Amongst the five test organisms, the strain exhibiting
maximum zone was selected as indicator strain for
the purpose of optimisation.

Further, the CFS of the selected isolate
was checked to confirm the source of antimicrobial
activity by subjecting portions of CFS adjusted to
pH 6.5 and treatment with an enzyme, catalase,
(8300 U/ml). The antimicrobial activity was then
determined by well diffusion technique'+1%16.

Taxonomic analysis of the selected strain

Further, the selected bacterial isolate was
grown on sterilised Bile aesculine azide agar (BAA)
agar slants, and then sent to Chromous Biotech,
Bangalore, for 16S ribosomal DNA sequencing.
The genomic DNA (~1.5kb) was isolated, followed
by amplification of the obtained fragment with
PCR polymerase. The product, thus obtained,
was sequenced bi-directionally, obtained data
aligned & then analysed for its closest neighbour’s
identification'’.

Optimisation of Bacteriocin production by test
isolate

Each 10 ml of MRS broth was poured in
plugged glass test tubes followed by sterilisation at
121°C with 15 Ibs. pressure, and the cooled tubes
inoculated with 100 pl of fresh overnight cultured
test isolate. After desired incubation (12 h, 24 h,
36 h, 48 h, 66 h, 72 h), samples were drawn and
CFS obtained. Subsequently, wells (8mm) were
cut on sterilized MRS agar media plates, already
swabbed with test organisms, to prepare a thick
lawn culture of each indicator strain. The obtained
CFS was then added in each well, incubated at 37°C
and ZOI observed after 24 hours. Inhibitory zones
were then recorded horizontally and vertically, and
reported as an average of the two'#1%16, Appropriate
controls included the un-inoculated sterilised MRS
broth exposed to similar conditions and tested for
anti-microbial potential.

Similarly, the inoculated MRS broth samples
were incubated at different incubation temperatures
(25°C, 30°C, 37°C, 45°C and 50°C) so as to analyse
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influence of incubation temperature on bacteriocin
production. The activity of CFS for test isolate thus,
obtained against indicator strain, was determined
in terms of ZOl (mm) as explained above'+'516,
Appropriate controls were prepared as above and
similarly tested for anti-microbial potential.

The effect of pH, on bacteriocin production,
was then determined by adjusting the pH of MRS
broth (initial media) to 4.5, 5.0, 5.5, 6.0, 6.5, 7.0 using
1N HCI or 1N NaOH and incubating the samples
for optimised time duration, and temperature. The
anti-microbial potential was subsequently determined
as already explained'*'%'6. Appropriate controls
included the un-inoculated sterilised MRS broth.

Thereafter, the MRS broth has been
supplemented with different sugars (glucose, fructose,
lactose, and sucrose) with variable concentration
(1-5%) and nitrogen sources, both organic (tryptone,
beef extract), at variable concentration (1-5%) as
well inorganic (triammonium citrate, ammonium
sulphate), at different concentration ranging from
0.1-0.5%.The medium was adjusted to optimised pH,
sterilised, test isolate inoculated and allowed to grow
under optimized conditions of time and temperature.
Thereafter, the bacteriocin activity was determined
as already explained. The appropriate control in the
study included MRS broth media adjusted to pH 6,
without any supplemented sugar or nitrogen source
incubated under optimised conditions.

Purification of Bacteriocin produced under
optimized conditions by test isolate

100 ml MRS broth, taken in 250 ml conical
flask, supplemented with best simple sugar source
and nitrogen source, was adjusted to pH 6.0, and
were autoclaved. The sterile flasks were then
inoculated with 1 ml of fresh overnight cultured isolate
and incubated at optimised time and temperature.
The CFS thus obtained, as above, was subjected
to 30%-80% ammonium sulphate precipitation, by
its slow addition in the beaker using a magnetic
stirrer (at 20°C) for 2 hour. The obtained solutions
were centrifuged at 10,000 rpm for nearly 20 min
and pellets were dissolved with 0.02M potassium
phosphate buffer (pH 6.5; 0.5% the volume of CFS
used) after discarding the supernatant and the
anti-microbial potential was analysed by well
diffusion technique.
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Finally 25 ml of partially purified bacteriocin/
bacteriocin like substance was prepared, filter
sterilised and stored in a 50 ml sterilised capped
glass bottle at -20°C for further use'*1%:16.17,

Influence of temperature, pH and enzymes on
biological potential

Effect of temperature: 5 ml cell free
supernatant (CFS), obtained under optimised cultural
conditions, was taken in different 10 ml test tubes.
Each test tube was exposed for 20 min to different
temperatures (37°C, 60°C, 80°C, and 100°C), and
cooled to room temperature. One set was autoclaved
at 121°C for 20 min, cooled, and followed by filter
sterilisation. The treated CFS sample was collected
and residual antimicrobial activity was subsequently
checked against different the indicator strain, as
explained. Similar treatment was given to appropriate
controls (Untreated CFS)'45:16,

Effect of pH: Each 5 ml CFS obtained with
optimised conditions was taken in 10 ml test tubes
and was adjusted to different pH (2, 4, 5, 9 and 10)
with 1N HCl or 1N NaOH. It was then incubated at 37°C
for 2 h and filter sterilised. The residual bacteriocin
potential was studied by well diffusion assay and
compared with that of controls (untreated CFS)'+1516,

Effect of enzymes: Pepsin, Proteinase- K,
Trypsin, a-Amylase and Lysozyme were added to
sterile test tubes, each containing, 300 pl of PPB.The
final concentration of each sample was maintained at
1mg/ml, and all the treated samples were incubated
at 37°C for 2 hours. Thereafter, the samples were
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filter sterilised, and residual antimicrobial activity
determined415:16,

Determination of protein molecular weight

The partially purified bacteriocin/bacteriocin
like substance was subsequently subjected to SDS-
PAGE for protein molecular weight determination s,
10 pl of the sample and 5 pl of the prestained protein
marker with broad range were loaded in the well, in
a agarose gel. The experiment was carried at 100
volts and 10mA till the dye front reached 0.5 cm
above the lower level of the stacking gel. Thereafter,
the gel was removed carefully and was added in
the tray containing 50 ml of the staining solution
overnight. The gel was then washed with distilled
water and added to the destaining solution with
moderate shaking till the clear bands were observed.
The bands of the samples were matched with that
of the marker.

Antimicrobial potential towards selected food
pathogens

Finally, the antimicrobial activity of semi
purified bacteriocin, using different dilutions prepared
in 0.02M acetic acid, was analysed against the five,
common food borne pathogens (E. coli, P aeruginosa,
L. monocytogenes, S. aureus and B. subtilis)'?13.

Statistical analysis

All the experimental have been performed
with triplication. The results have been expressed
in meanz standard deviation (SD). The software,
Microsoft Office in Excel 2010, have been used to
calculate the same.

Table 1: Bacterial cultures used as indicator strains

Bacterial strain Source

Incubation Temperature

Growth Media Application

E. coli (MTCC1687) MTCC, Chandigarh

P, aeruginosa (MTCC4673) ML, LPU*
S. aureus (MTCC96) ML, LPU*
B. subtilis (MTCC 121) ML, LPU*

L. monocytogenes (MTCC1143)
BHI Broth/Agar

MTCC, Chandigarh
Indicator strain

37°C Nutrient Broth/ MacConkey agar Indicator strain
37°C Nutrient Broth/ Cetrimide Agar  Indicator strain
37°C Nutrient Broth/ Mannitol Salt Agar Indicator strain
37°C Nutrient Broth/ Nutrient Agar Indicator strain
37°C

MTCC: Microbial Type Culture Collection, Chandigarh, Punjab, India
ML, LPU*: Microbiology Laboratory, Department of Microbiology, Lovely Professional University, India

RESULTS AND DISCUSSION

Procurement and Maintenance of cultures

The different bacterial strains were cultured
on different nutrient media as indicated in Table 1 and
were used as the indicator strains for this study.

Isolation and screening of lactic acid bacteria
from food samples

Of the total 680 isolates obtained from
different food samples (Table 2), 6 isolates (I1-16)
were determined as catalase negative (Table 3).
The selected isolates has been observed to be
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Gram-positive, catalase negative, and presented
typical pin pointed colonies on MRS agar medium.
Isolate 1, 4, 5 and 6 were cocci, occurring in pairs,
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tetrads or as short chains while the other two isolates
(12 and 13) were rod shaped, occurring short chains
(Table 4).

Table 2: Collection of samples for bacteriocin producers

S.No Number of Sample Place of purchase Number of samples
1 Pasteurised milk Local shop, Jalandhar, India 5
2 Homemade Curd Local residents, Jalandhar, India 2
3 Raw Chicken Easy day store, Jalandhar, India 5
4 Salami Local shop, Jalandhar, India 5

Table 3: Isolation and screening of bacteria from food samples

Bacterial strain Source Incubation Temperature Growth Media Application

Isolate 1(I1) Milk 37°C MRS Broth/Agar Bacteriocin production
Isolate 2(12) Milk 37°C MRS Broth/Agar Bacteriocin production
Isolate 3(I3) Raw chicken 37°C MRS Broth/Agar Bacteriocin production
Isolate 4(14) Salami 37°C MRS Broth/Agar Bacteriocin production
Isolate 5(15) Salami 37°C MRS Broth/Agar Bacteriocin production
Isolate 6(16) Curd 37°C MRS Broth/Agar Bacteriocin production

11-16: Designation of selected LAB isolates from different food samples

Table 4: Preliminary morphological and microscopical characterisation of bacterial isolates

Microbial Characteristics

Lactic acid bacterial (LAB) isolates

I 12 13 14 15 16
Colour Cream Greyish Greyish Greyish Greyish Greyish
Colony Shape Pin pointed, Pin pointed, Pin pointed, Pin pointed, Pin pointed, Pin pointed,
Texture convex Smooth convex Smooth convex Smooth convex Smooth convex Smooth convex Smooth
Gram staining + + + + + +
Microscopy Shape of microbe Coccus Bacillus Bacillus Coccus Coccus Coccus
Cell Arrangement Diplococcus Short chains  Short chains Singly or in pairs  Diplococcus Short chains
or tetrads or in pairs

Catalase test — — —

+: Positive; —: Negative
11-16: LAB isolates obtained from food samples

These six isolates were further studied for
preliminary characterization (Table 5). None of the
isolate could produce ammonia in urease test. All the
isolates resulted negative for Vogue’s Prausker and
tryptophan test. Only isolate 1 was able to utilise citrate
as source of carbon as resulted in citrate utilisation test.
Allisolates were determined for fermenting wide range
of sugars. Selected strains exhibited growth on different
nutritional media. Of the six isolated strains, Isolate 6
was determined the growth in MRS broth with 6.5%
NaCl along with all different range of temperatures
tested (25°C to 45°C; Table 5).

Preliminary screening of bacterial isolates for
Bacteriocin production
Amongst the six isolates, selected on the

basis of morphological, microscopic and biochemical
characters, two (15 and 16) exhibited antagonistic
activity towards the test indicator strains (Table 6).
While CFS of 16 was effective against all tested
pathogens, |5 was effective against S. aureus
and B. subtilis only. Hence isolate 6, sourced from
homemade curd, has been selected for further
study. Since maximum activity revealed by CFS
of isolate 6 was against B. subtilis, hence it was
chosen as the indicator test organism for the further
study. Investigations on CFS obtained from 16
(Table 7), when adjusted to pH 6.5 revealed no loss
of antibacterial activity against B. subtilis. The lactic
acid bacteria are potent in producing organic acids
such as acetic acid, lactic acid, and propionic acid
which reduces the pH of solution which may be the
cause of antibacterial nature of CFS'22°,
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Table 5: Biochemical analysis of bacterial isolates under study

Test performed

Urease test —_

Lactic acid bacterial (LAB) isolates
I 12 13 14 15 16

Methyl red test

Vogues Prausker test
Citrate utilisation test

IMViC
Tryptophan test
Glucose
Lactose
Sucrose
Arabinose
Mannitol
Raffinose
Pyruvate
Sorbitol
Galactose
Ribose
Salicin
Mannose
Xylose

Carbohydrate fermentation

Growth on BAA Agar
Growth on EMB Agar

Growth on specific nutrient media Growth on TSA

Growth in MRS broth+ 6.5% NaCl
Triple sugar iron test

Skim milk test
Gelatinase test
25°C
37°C
45°C

Growth at different temperatures

+
+
+
+
+
+

| ++++++ | + ] +
| ++++++ | + |
| ++++ 4+ + + + |

| ++++++++++++++ |
| ++++++++++++++ |

+ +
+ |+ |
+
+

| + + + ++++++++++++++ |

|
|
|
+

+ + +
+ +
|+ + |
+ +
RN
+ + + |

+: Positive activity; —: Negative activity
11-16: LAB isolates obtained from food samples

Table 6: Antimicrobial activity of CFS of isolates on test organisms

CFS of Isolate

Indicator test bacterial strains

E. coli P, aeruginosa S. aureus B. subtilis L. monocytogenes
1 — — — — —
12 — — — — —
13 — — — — —
14 — — — — —
15 — — + + —
16 + + + ++ +

* For antibacterial analysis: Well- Diffusion Method (Well size: 8 mm); Amount of sample used: 100
l; Incubation period: 24 h, Incubation temp: 37°C; Media used: Muller Hinton Agar (Himedia); pH:
7.3+0.1, For L. monocytogenes: Listeria selective agar; pH: 7.3+0.2.

* +: Positive activity; —: Negative activity

Table 7: Preliminary characterisation of Cell free
supernatant to ensure the presence of bacteriocin

S. No Samples Antibacterial potential of isolate 6
1 CFS (Control) ++
2  CFS adjusted to pH 6.5 ++
3 CFS treated with catalase ++

* Antibacterial analysis: Well- Diffusion Method (Well size, mm: 8);
Amount of sample used: 100 pl; Incubation period: 24h; Incubation
temp: 37°C; Media used: Muller Hinton Agar; pH: 7.3+0.1

e Indicator strain: B. subtilis;

* +: Zone of inhibition present

The obtained CFS, when subjected to
catalase test showed no loss in antimicrobial
activity. Some lactic acid bacteria yield hydrogen
peroxide which potentiates them for antibacterial

activity. Catalase causes the breakdown of hydrogen
peroxide into water and oxygen?'22,

The results indicate that the biological
potential of the selected strain was due to bacteriocin/
bacteriocin like substance in the supernatant, and
not because of organic acids/hydrogen peroxide
produced by the test organisms.

Taxonomic analysis of the selected strain

16S ribosomal DNA sequencing revealed
bacterial isolate 16 to be an Enterococcus sp.,
which was designated as Enterococcus sp. YT3 for
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future reference. The closest homologue suggested
were Enterococcus gallinarum strain 46W and

!

| 0.001 |
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Enterococcus casseliflavus strain SBMAX24 and has
been presented in the phylogenetic tree (Figure 1).

Enterococcus sp. strain YT3 168 ribosomal RNA gene, partial sequence

Enterococcus gallinarum strain HCD28-1 168 ribosomal RNA gene, partial sequence
Enterococcus gallinarum strain HCD28-3 168 ribosomal RNA gene, partial sequence
Enterococcus gallinarum strain HCD28-5 168 ribosomal RNA gene, partial sequence
Enterococcus gallinarum strain VM3406 165 ribosomal RNA gene, partial sequence
Enterococcus casseliflavus strain SBMAX24 16S ribosomal RNA gene, partial sequence
Enterococcus gallinarum FM2-3 gene for 168 ribosomal RNA gene, partial sequence
Enterococcus gallinarum strain 46W 168 ribosomal RNA gene, partial sequence
Enterococcus sp. M190262 chromosome, complete genome

Enterococcus sp. FDAARGOS_553 chromosome, complete genome

Fig. 1. Phylogenetic tree for Enterococcus sp. YT3 (16S ribosomal RNA gene, partial sequencing)

Optimisation of Bacteriocin production by test
isolate

As shown in Table 8, the test strain,
exhibited highest antimicrobial activity against the
obtained CFS when kept for 48 h of incubation
time, after which, there was a loss of 9.8% in
activity, in comparison to the highest achieved.
Gradual activity loss might be because of proteolytic
degradation by proteases or due to adsorption
of antimicrobial substances by the producer cells
from their surface?'?2. Some studies have been

conducted where incubation has been done for
48 h for bacteriocin production?324,

On evaluating the influence of incubation
temperature on antimicrobial activity, the largest
zone of inhibition (27+0.8 mm) was obtained
for an incubation temperature of 37°C for 48 h
of incubation time (Table 8). Similar reports on
different species of Enterococcus, also mention best
incubation temperature of 37°C'¢252¢ for bacteriocin
production.

Table 8: Influence of time, temperature and pH on the bacteriocin production

Time (h) ZOIl (mm) Temp (°C) ZOl (mm) pH of media ZOl (mm)
12 20.7+0.9 25 20.7+0.9 4.5 24.6+0.9
24 22.7+0.9 30 22.7+0.9 5 25.6+0.9
36 25.3+0.4 37 27+0.8 5.5 26.3+0.5
48 27+0 45 25.3+0.4 6.0 28 +1.6
66 25+0 50 23+0.5 6.5 26.7+0.9
72 23+0.5 - - 7.0 23.3+0.5

* During time optimisation: Media used: MRS broth; Incubation temp: 37°C; pH: 6.5+0.2

* During Temperature optimisation: Media used: MRS broth; Incubation time: 48 h; pH: 6.5+0.2

* During pH optimisation: Media used: MRS broth; Incubation time: 48 h; Incubation temp: 37°C

* Antibacterial analysis: Well-Diffusion Method (Well size, mm: 8); Amount of sample used: 100 pl;
Incubation period: 24 h; Incubation temp: 37°C; Media used: Muller Hinton Agar; pH: 7.3+0.1

* Indicator strain: B. subtilis

Enterococcus sp. YT3 yielded highest
activity for a medium pH 6.0, with a zone of inhibition
of 28 mm which was 5.7 mm larger than the smallest
zone observed. The variation in zone size, illustrates
the effect of pH on bacteriocin production. The
metabolism of LAB strains, their growth along with
bacteriocin production is significantly affected by the
medium pH and affecting cell aggregation, bacteriocin
absorption and its proteolytic degradation. These
antimicrobial peptides are produced at some specific

range of pH which otherwise controls the enzymatic
reactions happening in the cells. Sometimes at low
pH, due to accumulation of acids, the cell growth
stops and so does bacteriocin production. pH may
also regulate the expression of various biosynthetic
genes, where slower growth rate enhances the
bacteriocin production.

The acidified media during the process of
fermentation may also affect the protein solubility
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along with polypeptide hydrolysis?”28. Similar results
have been found in the literature where maximum
activity has been confirmed by the LAB when initial
pH was adjusted to pH 6252629,

Fructose, at a concentration of 2% was
determined to be the most influential carbon source
as it yielded the highest production of bacteriocin,
as compared to glucose, lactose, sucrose and
the control (Table 9). Similar observations have
been found in the studies by where Leuconostoc
mesenteroides E131, Lactococcus lactis subsp.
lactis HV219 and Lactobacillus sp. MSUS3IR was
found to yield high bacteriocin activity in fructose
supplemented MRS broth:30:31,

Table 9: The influence of different sugar and

nitrogen supplemented in initial media (MRS broth)
on the bacteriocin/bacteriocin like substance

production
Sugar Zone of inhibition (mm)
of Bacillus subtilis

Glucose 1% 21+0.8
2% 24.7+0.9
3% 23.3+1.9
4% 22.7+0.9
5% 22.3+1.9

Lactose 1% 25.3+0.5
2% 25+0.8
3% 24.7+0.9
4% 24.3+0.5
5% 22.6+1.7

Fructose 1% 24.3+1.7
2% 29+0.8
3% 25.7+0.5
4% 25+1.6
5% 24+1.4

Sucrose 1% 28.3+0.5
2% 24.6+0.5
3% 24.3+1.2
4% 23.3+0.5
5% 22.7+0.9

Control 26.7+1.2

* For bacteriocin/bacteriocin like production: Incubation period: 48
h,; pH: 6; Incubation temp: 37°C.

* Sugars supplemented in initial media (MRS broth, already
possessing 2% Dextrose).

* Control: CFS of organism grown in initial media without any
additional sugar.

* Antibacterial analysis: Well-Diffusion Method (Well size, mm: 8);
Amount of sample used: 100 pl; Incubation period: 24 h; Incubation
temp: 37°C; Media used: Muller Hinton Agar; pH: 7.3+0.1

* Indicator strain: B. subtilis

Purification of Bacteriocin produced under
optimized conditions by test isolate
The bacteriocins/bacteriocin like substance
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Tryptone, at a concentration of 4%,
supplemented in basal MRS media, yielded
antimicrobial activity (Table 10). Nitrogen sources
are required to synthesize proteins and nucleic acids.
Organic sources such as, tryptone, yeast extract
and beef extract are rich sources of vitamins, amino
acids and minerals, which enhance the cell growth
and bacteriocin production. Interestingly, inorganic
nitrogen sources have showed conflicting results
where both decrease as well as increase bacterial
growth and/or bacteriocin production'?”. Tryptone
has registered higher production of bacteriocin in
Lactobacillus plantarum AMA-K and Lactococcus
lactis too, in comparison to un-supplemented
media13,30,31.

Table 10: Influence of different nitrogen source

supplemented in initial media (MRS broth) on the
bacteriocin/bacteriocin like production

Nitrogen source Zone of inhibition (mm)

Organic Tryptone 1% 23.3+0.5
2% 25.7+0.9

3% 26+0.8

4% 28.6+1.2
5% 27.3x0.4
Beef extract 1% 24.3+1.7

2% 26.3+0.5

3% 25.7+0.5

4% 28.6+1.2
5% 23.6+1.7

Inorganic ~ Triammonium 0.1% 17.3x1.2
citrate 0.2% 20.3+1.2

0.3% 22.0+0.8

0.4% 24.6+0.9

0.5% 25.7+1.2

Ammonium 0.1% 14.6+1.2

sulphate 0.2% 18.7+0.4

0.3% 21.3x1.2

0.4% 24.7+0.9

0.5% 25.3+0.4

Control - 27+1.6

Bacteriocin production: Incubation period: 48 h,; pH: 6; Incubation
temp: 37°C

Nitrogen sources supplemented in MRS broth (initial N,
sources-1% Proteose peptone, 1% Beef extract, 0.5% yeast
extract, 0.2% ammonium citrate)

Control: CFS of organism grown in initial media (MRS broth)
without any nitrogen source supplement.

Well- Diffusion Assay: Well size, mm: 8; Amount of sample used:
100 pl; Incubation period: 24 h; Incubation temp: 37°C; Media used:
Muller Hinton Agar; pH: 7.3+0.1.

Indicator strain: B. subtilis

from Enterococcus sp. YT3 confirmed the highest

activity with 80% ammonium sulphate precipitation
(Table 11), found to be in coherence with
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Enterococcus faecium LM-2, Enterococcus faecium
3D, Enterococcus faecalis N1-33, Pediococcus
pentosaceous NCDC273, Lactobacillus plantarum
ZJ5, Lactobacillus sp. MSUBIR!!:3334.3536.37 " {g0,
Ammonium sulphate precipitation concentrates
the activity of CFS, and is the first step towards
the purification of the compounds proteinaceous
in nature. It also helps in stability of proteins,
reduce proteolysis®2. This semi purified bacteriocin/
bacteriocin like was subsequently named as
Enterocin YT3 (E-YT3).

Table 11: Influence of ammonium sulphate
purification on antimicrobial activity

% of Ammonium Zone of inhibition (mm) of

sulphate Bacillus subtilis
30 19+0
40 18.7+0.9
50 17+1.4
60 17.3x0.5
70 19.7+0.9
80 20.3+0.5

For Antibacterial analysis: Well-Diffusion Method (Well size,
mm: 8); Amount of sample used: 100 pl; Incubation period: 24 h,
Incubation temp: 37°C; Media used: Muller Hinton Agar (Himedia);
pH: 7.3+0.1

Influence of temperature, pH and enzymes on
antibacterial activity

Effect of temperature: Enterocin YT3,
when exposed to different temperatures reported no
absolute loss in the anti-bacterial activity, illustrating
its thermo-stability at all exposed temperatures
(Table 12). Similar thermal stability have been found
with enterocins of Enterococcus faecium S6 and
R9 and, Enterococcus faecium LR/6 38, 39. Loss in
antimicrobial activity was reported for bacteriocins
by Enterococcus faecium CK21 and Lactobacillus
fermentum PP17 when subjected at 120°C*.

Table 12: Characterisation of partially purified
bacteriocin of Enterococcus sp. YT3

S.No Temp,°C ZOl pH ZOl Enzyme ZOl
1 37 + 2 + Trypsin —_
2 60 + 4 ++ Pepsin —
3 80 + 5 ++ Proteinase K —
4 100 + 9 + Lysozyme +
5 121 + 10 + a-amylase +
6 Control + Control +

For antibacterial analysis: Well- Diffusion Method (Well size,
mm: 8); Amount of sample used: 100 pl; Incubation period: 24 h,
Incubation temp: 37°C; Media used: Muller Hinton Agar (Himedia);
pH: 7.3+0.1.

+: Activity Present —: Activity Absent
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Effect of pH: The biological potential of
bacteriocin, as produced by Enterococcus sp. YT3
was retained over wide pH range (Table 12), though
activity was lesser at extremes of pH tested (pH 2
and 10). pH stability of bacteriocin finding for different
Enteroccocus sp. like, Enterococcus faecium IM 1
and Enterococcus hirae IM141,

Effect of enzymes: When bacteriocins
of Enterococcus sp. YT3 was exposed to variable
enzymes, the anti-bacterial activity was completely
lost with proteolytic enzymes such as trypsin,
proteinase K, and pepsin, depicting proteinaceous
moiety of the enterocins because of their digestion
with the enzymes. No loss of antimicrobial activity
was found when treated with a-amylase presenting
the non-carbohydrate nature of the Enterocin YT3
(Table 12), as in agreement with other bacteriocin
producers as well3%4142,

Determination of protein molecular weight

On subjecting Enterocin YT3 to SDS PAGE
analysis, a single band was found between 35 KDa
and 48 KDa (near to 48KDa), when compared to the
standard markers, as also supported by the fact that
the bacteriocins exhibit wide range (40 — 5.60 kDa
to 10.00 — 45.00 kDa) of molecular weights'#344,

Antimicrobial potential towards selected food
pathogens

Enterocin YT3 produced by Enterococcus
sp. YT3possessed wide range of biological potential
(Table 13).

Undiluted Enterocin YT3 was effective
against Gram-positive (L. monocytogenes, S, aureus
and B. subtilis) and Gram-negative (P. aeruginosa
and E. coli). As the bacteriocin preparation was
diluted (50% dilution), the activity was lost against
L. monocytogenes, but zone of inhibition were found
against the other four indicator strains. Except for
S. aureus, no other test organism was sensitive to
any further dilutions. S. aureus was inhibited even
at 75% dilution, indicating to be the most sensitive
bacterial strain towards Enterocin YT3. Although,
the bacteriocins are generally effective against gram
positive organisms, few LAB strains, particularly
enterocins has been reported to possess wide
spectrum of antimicrobial activity'84546.

The selected indicator strains (E. coli,
P aeruginosa, L. monocytogenes, S, aureus and
B. subtilis) are most potent contaminants of different
food*” and were interestingly, found to be sensitive to
Enterocin YT3, indicating great potential of Enterocin
YT3 in improving shelf life of foods.
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Table 13: Antibacterial data of different dilutions of
Enterocin YT3

S.No Dilutions of Test Organism Enterococcus sp.
PPB (v/v) YT3ZOIl (mm)
1 100% E. coli 17.7+0.9
(No dilution) P. aeruginosa 20.3+0.5
S. aureus 170
Bacillus subtilis 20.3+1.2
L. monocytogenes 14.7+0.9
2 50% E. coli 16.7+2.3
P aeruginosa 14.3+0.5
S. aureus 13+0
Bacillus subtilis 14.3+0.5
L. monocytogenes Nil
3 75% E. coli Nil
P. aeruginosa Nil
S. aureus 10.3+0.5
Bacillus subtilis Nil
L. monocytogenes Nil
4 87.5% E. coli Nil
P aeruginosa Nil
S. aureus Nil
Bacillus subtilis Nil
L. monocytogenes Nil
5 90% E. coli Nil
P. aeruginosa Nil
S. aureus Nil
Bacillus subtilis Nil
L. monocytogenes Nil
6 95% E. coli Nil
P aeruginosa Nil
S. aureus Nil
Bacillus subtilis Nil
L. monocytogenes Nil
7 99% E. coli Nil
P aeruginosa Nil
S. aureus Nil
Bacillus subtilis Nil
L. monocytogenes Nil

* Well-Diffusion assay: Well size, mm: 8; Sample: 100 pl; Incubation
time: 24 h, Incubation temp: 37°C; Media: Muller Hinton Agar; pH:
7.3+0.1, For L. monocytogenes: Listeria selective agar; pH: 7.3+0.2.
* Dilutions of PPB has been prepared in 0.02M Acetic acid

* Nil: no activity observed
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CONCLUSION

Enterococcus sp. YT3, obtained from
Indian homemade curd sample, was found to
possess significant bacteriocin/bacteriocin like
compound producing potential, produced under
optimized (MRS broth supplemented 2% fructose
and 4% tryptone, adjusted to pH 6.0, incubation
at 37°C for 48 hours). The antimicrobial activity
of Enterocin YT3, as indicated by ZOIl was very
effective against the selected indicator bacterial
strain, the maximum protein was concentrated at
80% ammonium sulphate precipitation, and the
antimicrobial peptide was found to be of molecular
weight in the range of 35-48 KDa. As food borne
diseases are a major global concerns, with huge
quantities of food being wasted, or lost before it
reaches the consumers*4°, bacteriocins provide a
promising solution to safeguard food from bacterial
contamination. The authors are further involved in
investigating Enterococcus sp. YT3 as a source of
bacteriocins to be used in food preservation.
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