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Probiotics help maintain human health using different mechanisms. Recently,
several reports have been published which deal with such beneficial action which is
said to be obtained by the secretion of Lantibiotics. This study focuses on one
Probiotic LAB culture isolated from our local niche. This LAB has revealed certain
beneficial effects in aquaculture systems. Fourteen potent gastrointestinal
pathogens were subjected to the presence of the probable Lantibiotic. Both
qualitative and quantitative estimation of the activities was carried out and the
antimicrobial activity was expressed in terms of either growth obtained and/or zone
of inhibition in different treatments with the LAB originated bacteriocin. The
bacteriocin was subjected to several temperature, pH and different salt
concentration treatments in order to check its stability and efficacy under such
conditions. A number of methods were used to concentrate the extract from the
activated LAB. Purification was carried out using TLC as well as by adsorption-
desorption method. The results indicate that the bacteriocin can be termed as
probable lantibiotic which is quite effective against the gastrointestinal pathogens
like Proteus vulgaris and Vibrio parahaemolyticus that have shown to be inhibited
by our locally isolated, produced and partially purified LAB originated lantibiotic.

Introduction

the bacteria

Antibiotics don't just Kill
causing illnesses; they also wipe out useful
bacteria (called probiotics) that add to a
healthy digestive system. A lot of side
effects occur due to the antibiotic intake into
the body. The side effects are mostly
associated with irritation of the mucous
membrane  of the  digestive tract
(www.medicalnewstoday.com). Fungal
infections of the mouth and digestive tract
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are very frequent. The greatest risk is found
to be of the liver and kidney. Some people
are allergic to antibiotics. Some antibiotics
decrease the levels of vitamins in the body.
Some bacteria are capable of developing
resistance to these essential antibiotics. As
the lantibiotics are naturally synthesized by
probiotics like the lactic acid bacteria, the
scope of side effects is less. Since, they are
active in very low concentrations only, they
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are not dangerous. These lantibiotics are
now used in the food preservatives industry.
These should now be targeted as substitutes
to the very common antibiotics.

A group of antibacterial proteins termed as
bacteriocins are produced by gram-positive
bacteria and have shown a narrow to wide
antibacterial spectrum against gram-positive
bacteria. The antibacterial property is heat
stable and it is said that a strain that
produces this group of proteins displays a
degree of specific self-protection against its
own antibacterial peptide. Though, these
proteins are quite different from the
secretions by gram-negative bacteria, yet
usually they also are grouped as bacteriocins
(Jack et al., 1995).The antibacterial action
against a sensitive cell of a gram-positive
strain is  produced principally by
destabilization of membrane functions.
Under certain conditions, gram-negative
bacterial cells can also be sensitive to some
of these molecules.

Probiotics are organisms or supportive
substances that improve intestinal microbial
balance, and include Lactobacillus strains,
bifidobacteria strains and bioactive proteins
such as immunoglobulin A and lactoferrin
(Percival M, 1997). A major consideration
in the choice of probiotics is to choose a
strain that can survive and establish itself
under the conditions encountered in the
intestinal environment.

The lantibiotics are a group of ribosomally
synthesised, post-translationally modified
peptides containing unusual amino acids,
such as dehydrated and lanthionine
residues. Numerous other lantibiotics have
since been identified and can be divided into
two groups on the basis of their structures,
designated type-A and type-B (Mcauliffe et
al., 2001). Lantibiotics primarily act upon
Gram-positive  bacteria. Their  inactivity
against Gram-negative bacteria results from
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their relatively large size which prevents
them from penetrating the outer membrane
of the Gram-negative cell wall. Post-
translational modifications strongly
influence the structure of the peptides as
well as their stability against protease
degradation (Brotza and Sahlb, 2000).
Lantibiotics are grouped into two major
categories based on their structural features
and differences in their modes of action.
Type A lantibiotics are flexible, elongated,
amphipathic molecules which act mainly by
forming pores in the bacterial cytoplasmic
membrane. Type B lantibiotics, on the other
hand, have a rigid globular shape and inhibit
particular enzymes by forming a complex
with their membrane-bound substrates.

The treatment of gastrointestinal infections
continues to be complicated due to the
expansion of antibiotic resistances (Sanz et
al., 2007). The mechanisms of action of
probiotics against gastrointestinal pathogens
addressed include: (i) modification of the
environmental conditions, (ii) competition
for nutrients and adhesion sites, (iii)
production of antimicrobial metabolites and
(iv)modulation of the immune and non
immune defense mechanisms of the host.

Though beneficial effects of probiotics have
been reported by several scientists and
groups for more than 100 years since it was
first reported but very few bacteriocins have
actually been purified to the extent of being
suitably used against  gastrointestinal
pathogens. Very few bacetriocins like Nisin
are commercially used as food preservatives
or even in the treatment of gastrointestinal
disorder as small molecule antibiotic like
peptides.

Over the past few decades several attempts
have been made to produce purify and
characterize and demonstrate their efficacy
as antimicrobial peptides. Several papers
have been reported by authors like Svetlana
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et al., 2011; TejpalDhewa, 2012; Sankar,
2013; Tulini, 2011; Sharma and Dadhich,
2014; Alwan et al., 2014; Chakraborty and
Bhowal, 2015 and many more.

This study envisages on the stability partial
purification and characterization of a local
probiotic isolate’s produced bacteriocin and
demonstration of its antimicrobial activity
under several physical stress treatment
conditions as well as its activity retention on
incurring  different  concentration  /
purifications strategies.

Materials and Methods

Activation and Preparation of Cell Free
Extract

Our own isolate LRSU IV - a Lactobacillus
strain isolated and characterized locally in
the laboratory (Chandra et al., 2010) and
Lactobacillus casei MTCC 1423 was used
for this study. The strains were inoculated in

the Luria Broth at activated at 28°C for 24
hours and henceforth maintained in the same
media throughout the study with intermittent
transfers onto fresh slants. The individual
activated ready to use culture was made cell-
free. The CFE was prepared by lysing the
cells at 8000 rpm for 5 minutes (Pingitore et
al., 2007).

Treatment of CFE with Pathogens

The CFE from two sets of both the activated
cultures was treated with the potent
gastrointestinal pathogens for the zone of
inhibition test using the agar-diffusion assay.
Luria agar plated were seeded with the
respective pathogenic strain; in which wells
were bored into agar plates by cork-borers
and microbial suspensions of 60uL were
allowed to diffuse with 10 of the CFE
overnight at 37°C (Tagg and Mcgiven,
1971). Post incubation the diameter of the
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zones of inhibition was measured.

The efficacy of the bacteriocin was
compared with the zones of inhibition as
exhibited by a standard antibiotic i.e.
Ciprofloxacin (Data not shown).

Temperature Assay

The LAB cultures were activated and the
CFE were incubated over night at different
temperatures- 28°C, 37°C, 45°C and at room
temperature. The CFE was then subjected to
antimicrobial activity against the test
pathogens.

pH Assay

The CFE was treated at pH 3,4, 5, 6,7,8,9
using 1M HCI or 1M NaOH. The treated

samples were kept overnight at 28°C and
their antimicrobial activity was tested.

Salt Concentration Assay
Concentration of the CFE Assay

The CFE was treated with different volumes
of the following salt solutions of NacCl,
MgCI2, FeCl; and ZnCl,, at varying
concentrations ranging from 50mM -
1000mM (at an interval of 50 mM). The
samples were subjected to the MIC assay
after incubation of the samples overnight at

28°C.
Concentration of the CFE

1ml of the CFE was taken in two sets of
eppendorf tubes and each set was set
overnight at 50°C and 100°C. The
concentrated bacteriocins when obtained
were refrigerated. The next day, this
prepared sample was used in the agar-
diffusion test method.
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Precipitation of the CFE by Acetone
Precipitation Method

3ml of the CFE was taken and 12ml chilled
acetone was added. The eppendorf tubes
were kept overnight at 0°C and centrifuged
at 4°C. The supernatant was discarded,
evaporated and pellet was re-suspended in
500ul autoclaved water. The antimicrobial
activity of the samples was then checked.

Precipitation of the CFE by Adsorption-
Desorption Method

5ml of the probiotic cultures (LRSU IV and
MTCC 1423) were heated at 70°C for 25
minutes to inactivate the microorganisms.
The pH of the culture was adjusted to pH 7.0
with  5M NaOH to allow bacteriocin
adsorption to the bacterial cells (Pingitore et
al., 2007). The cells were collected by
centrifugation, washed twice with 5mM
sodium phosphate buffer (pH 7), re-
suspended in 0.1M NacCl solution (pH 2.0,
adjusted with HCI) to 40 times the original
volume of the culture, and agitated at 4°Cfor
1 h to release the bacteriocin molecules from
the cell surface. The cells were separated by
centrifugation (8000 rpm 5min at 4°C) and
the samples were subjected to the zone of
inhibition assays.

Purification of Lantibiotics by Thin Layer
Chromatography

Thin Layer Chromatography was performed
on glass slides which was cast with 40%
silica gel. In the analytical experiments, CFE
(30 pl) was loaded and subjected the glass
slides to two solvent systems- the first being
the butanol-acetic  acid-water(40:10:20)
(Dieuleveux et al., 1998) and the second one
being diethyl ether-toluene-ethanol-acetic
acid(40:50:2: 0.2) (Pascual et al., 2008). In
the preparative slides, the CFE was pooled
and loaded onto the glass slides and put
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them in the more efficient solvent system. If
spots were obtained, the spot was eluted and
anti-microbial assays were performed.

All the experiments were performed in
triplicates and  repeated thrice as
independent  experimental setups. The
results shown are the means of the
individual observations.

Results and Discussion

It was already established in our laboratory
that the probiotic cultures that we are
working  with  show effectivity in
aquacultures (Chandra et al., 2010).

It has been reported by several authors that
Lactobacillus species produce bacteriocins
(Ahmed et al., 2010;Barefoot and
Klaenhammer, 1983; Deraz et al., 2005;Kim
and Gilliland, 1993; Leer et al.,, 1995;
Muriana  and  Klaenhammer, 1991,
Noonpakdee et al., 2009; Ogunbanwo et al.,
2003; Rajaram et al., 2010; Riaz et al.,
2010; Von Mollendorff et al., 2009; Vuyst
and Leroy, 2007). In this study, a bacteriocin
was produced by LRSU IV (isolated and
characterized) was found to inhibit both
Gram positive and Gram negative bacteria.

The zone of Inhibition Test

The agar plates with the CFE in the wells
and spread with the pathogens showed
prominent zones of inhibition when
incubated overnight at 37°C. The best results
were observed for Proteus vulgaris, Vibrio
cholerae and Vibrio parahaemolyticus. It
was also seen that the LRSU IV strains had
enhanced result than the MTCC 1423
counterparts. Thus, the laboratory produced
bacteriocins have a more profound effect
than the reported strains of bacteriocin
producer(s). Since the bacteria Enterobacter
aerogenes, Bacillus subtilis, Serratia
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marcesens and Bacillus cereus did not show
much significant inhibition zone these
bacteria were excluded from further studies.

Temperature Assay

The antimicrobial tests performed with
CFEs of the LRSU IV cultures at room
temperature, 28°C and 37°C showed
significant zones of inhibition at all the three
temperatures.  But, when  compared
individually, it was seen that Proteus
vulgaris was most inhibited with CFE
treated at 37°C, while Vibrio cholerae

showed better results with CFE treatment at
28°C. However, sample at 28°C showed an
overall better result than samples at other
temperatures. In this assay too, the
bacteriocin we obtained showed a similar
result with the available MTCC1423
bacteriocin.

pH Assay
The bacteriocin of LRSU IV was stable over

a wide pH range, which is common feature
of many bacteriocins (Ivanova et al., 2000).

Table.1 Comparison of Inhibition Pattern of LRSU with Metal Salts at Different Concentrations

Test Organism FeCl, ZnCl, KCI NaCl MqgCl,
Vibrio cholerae No Growth No Growth No Inhibition | No Inhibition | No Growth
> 150mM > 350mM ~ 1000mM ~ 1000mM > 350mM
Vibrio No Growth No Inhibition | No Growth No Growth No Growth
parahaemolyticus > 150mM ~ 1000mM > 250mM > 250mM > 150mM
Shigelladysenteriae No Growth No Inhibition | No Growth > | No Inhibition | No Growth
> 350mM ~ 1000mM 500mM ~ 1000mM > 450mM
Proteus vulgaris No Growth No Inhibition | No Inhibition | No Inhibition | No Growth
> 100mM ~ 1000mM ~ 1000mM ~ 1000mM > 250mM
Salmonella infantis No Growth No Growth No Growth No Growth No Growth
> 100 mM > 450 mM > 300 mM > 800 mM > 100 mM
Streptococcus No Inhibition | No Inhibition | No Inhibition | No Inhibition | No Inhibition
pyogenes ~ 1000 mM ~ 1000 mM ~ 1000 mM ~ 1000 mM ~ 1000 mM
Pseudomonas No Growth No Growth No Inhibition | No Inhibition | No Growth
aeruginosa > 500 mM > 450 mM ~ 1000mM ~ 1000 mM > 600 mM
Pseudomonas No Growth No Growth No Inhibition | No Inhibition | No Growth
fluorescens > 500 mM > 450 mM ~ 1000mM ~ 1000 mM > 600 mM
Staphylococcus No Growth No Growth No Growth No Growth No Growth
aureus > 500 mM > 450 mM > 250mM > 700 mM >350 mM
Klebsiellapneumoniae | No Growth No Growth No Growth No Growth No Growth
> 500 mM > 400 mM > 850 mM > 800 mM > 500 mM
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Figure.l Inhibition Pattern of CFE of Isolate (LRSU IV) and MTCC 1423 against Different

Potential Pathogens
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Figure.4 Comparison of Inhibition Pattern of LRSUIV and MTCC 1423 under Different
Concentration/Purification Methods
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Salt Concentration Assay

Concentrated CFEs of both LRSU IV and
MTCC1423 cultures which were
concentrated at 50°C and 100°C respectively
and subjected to zone of inhibition assay;
antimicrobial tests showed no major zones
of inhibition for most of the test organisms.
Thus, the method used was not appropriate
in concentrating the bacteriocins produced.

Precipitation Test
Acetone Precipitation Method

The bacteriocins did not give significant
zones of inhibition (compared with
adsorption-desorption or even TLC) when
the CFEs of the two probiotic cultures were
treated with chilled acetone. Hence, this
method of precipitation was also found to be
inappropriate as a concentration /purification
method.

Adsorption-desorption Method
The antimicrobial activity of the precipitated

bacteriocins showed evident and measurable
zones of inhibition in all the pathogens used.
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The 48 hours old cultures of MTCC 1423
showed average amount of activity in all the
pathogens, but, the old cultures of LRSU 1V
were seen to have a heightened effect on the
three cultures of Proteaus vulgaris, Vibrio
parahaemolyticus and Shigella dysenteriae
than their MTCC counterparts.

Purification Method
Thin Layer Chromatography

In the analytical slides, specific spots were
obtained under UV Trans-Illuminator when
the first solvent system was used, though;
the rate of chromatography was faster in the
second system. However, in the preparative
slides, the first solvent system was used for
better resolution. The spot was eluted with
autoclaved distilled water and refrigerated.
These samples gave measurable zones of
inhibition when subjected to the test
pathogens on spread plates.

In conclusion, a bacteriocin producing strain
was isolated and the production of
bacteriocin was standardized. The bioassay
method for the display of its effective
antimicrobial effect was also standardized
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and a compared with reported bacteriocin
producing strain of Lactobacillus casei. To
demonstrate the stability of the bacteriocin
the temperature range assay, a pH range
assay was performed to see that the
produced bacteriocin  was effectively
working effectively on its antimicrobial
activity under a wide range of temperature
and pH. The salt tolerance assay
demonstrated that the bacteriocin from
LRSU IV had almost no effect at most of the
concentrations of the metal salts used in the
assay.

On concentrating the bactriocin by heating
in a water bath; showed a certain amount of
loss of activity in the produced bacteriocin.
Acetone precipitated bacteriocin  when
subjected antimicrobial activity also
demonstrated a degree of loss in
antimicrobial  activity.  Although the
adsorption-desorption method and the TLC
elution ethod demonstrated significant
retentivity and stability in the antimicrobial
activity.

Thus, from the experiments done, it can be
established that the probiotic culture of
LRSU IV produces a bacteriocin whose
antimicrobial activity and stability is
comparably effective against the test
potential pathogens.
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