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a  b  s  t  r  a  c  t

Bacteriocin  producing  strain  BDU3  was  isolated  from  a traditional  fermented  fish  of Manipur  Ngari.
The  strain  BDU3  was  identified  as  Bacillus  coagulans  by phenotypic  and  genotypic  characterization.  The
BDU3  produced  novel  bacteriocin,  which  showed  an  antimicrobial  spectrum  toward  a wide  spectrum
of  food  borne,  and  closely  related  pathogens  with  a MIC  that  ranged  between  0.5  and  2.5  �g/mL.  The
isolate  was  able  to tolerate  pH  as  low  as  2.0  and  up to 0.2%  bile  salt  concentration.  Three  step  purifica-
tion  was employed  to increase  the specific  activity  of  the  antimicrobial  compound.  The  fractions  were
further  chromatographed  by Rp-HPLC  C-18  column  and  the  purified  bacteriocin  had  a  specific  activity
of  ∼8500  AU/mg.  However,  the  potency  of  bacteriocin  was susceptible  to  digestion  with  Proteinase  K,
Pepsin,  SDS,  EDTA  and  Urea.  Molecular  mass  of  purified  bacteriocin  was  found  to  be  1.4  kDa  using  matrix-
gari
TIR
ALDI-TOF

assisted  laser  desorption/ionization  time-of-flight  (MALDI-TOF).  The  functional  group  was  revealed  by
FTIR  analysis.  The  cytotoxicity  assay  (MTT)  using  purified  bacteriocin  showed  2  times  lower  EC50  values
compared  to  SDS.  This  is  the smaller  bacteriocin  ever  reported  before  from  B. coagulans  with  greater
antimicrobial  potency  with  lower  cytotoxicity.  This  bacteriocin  raises  the possibilities  to  be  used  as  a
biopreservative  in  food  industries.

© 2015  Published  by  Elsevier  B.V.
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. Introduction

Infectious diseases along with multidrug resistance are the
ajor public health problem in developing countries with

ncreased mortality and morbidity [1]. Apart from the threat of
ultidrug resistance, several studies have confirmed that the con-

inuous use of antibiotics can damage human commensal micro
ora [2]. The antibiotic pipeline has almost exhausted, and an alter-
ative and effective research focus is necessary to combat these
Please cite this article in press as: K. Abdhul, et al., Int. J. Biol. Macrom

athogens with no effect on normal flora. In this regard, the use of
robiotics and their natural metabolic compounds can be a substi-
ute in various food and pharmaceutical industries.

∗ Corresponding author. Tel.: +91 431 2407082; fax: +91 431 2407045.
E-mail address: natarajaseenivasan@rediffmail.com (K. Natarajaseenivasan).

1 Present address: Center for Translational Medicine, School of Medicine, Temple
niversity, Philadelphia, PA 19140, USA.
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Bacteriocins are an abundant and diverse group of ribosoma-
lly synthesized antimicrobial peptides produced by bacteria and
Archaea [3]. The bacteriocins were first identified as heat-labile
product called as colicin present in cultures of E. coli V and toxic
to E. coli S [4]. Recently, bacteriocins from lactic acid bacteria (LAB)
have received much attention as a natural food preservative and
a potential therapeutic antibiotic [5,6]. Application of bacteriocins
for the control of some pathogens and food spoilage organisms has
been approved in a number of countries [7–9]. Nisin, a bacteriocin
produced by Lactococcus lactis subsp. lactis from dairy products,
has been extensively investigated and approved for use as a food
preservative for more than 40 years in over 50 countries [10,11].

Production of bacteriocins or bacteriocin-like inhibitory sub-
stances (BLIS) by several species within the Bacillus genus has
ol. (2015), http://dx.doi.org/10.1016/j.ijbiomac.2015.06.005

been reported by several research groups. Polyfermenticin SCD is a
heat-labile, proteinase K-sensitive bacteriocin produced by Bacillus
polyfermenticus SCD [12]. Subtilin is a lantibiotic-type bacterio-
cin produced by a strain of Bacillus subtilis with inhibitory activity
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gainst a wide range of Gram-positive bacteria [13]. Subtilosin A is a
ibosomally synthesized and post-translationally modified antimi-
robial peptide produced by B. subtilis and active against a variety
f Gram-positive bacteria including the foodborne pathogen L.
onocytogenes [14]. Riazi et al. (2009) [15] reported lactosporin
roduction from Bacillus coagulans isolated from a probiotic dietary
upplement, Lactospore® probiotic.

With this view point and as a continuation of our previous
ttempt of isolating an efficient antioxidant probiotic Enterococ-
us faecium BDU7 [16] in the present study, we opted to study the
acteriocinogenic potential of a probiotic B. coagulans from “Ngari”

 fermented fish product which has been traditionally consumed
n Manipur.

. Materials and methods

.1. Bacterial strains and culture conditions

Bacillus coagulans sp., BDU3 was isolated from Ngari (a fer-
ented fish product) as described previously [16]. It was selected

mong several other co-isolated Gram-positive and catalase pos-
tive bacteria for its antibacterial potency. The isolate BDU3 was
rown and maintained at 37 ◦C in nutrient broth or agar unless
therwise stated. Salmonella enterica serovar Typhi MTCC 733 was
btained from the Institute of Microbial Technology, Chandigarh,
aintained in Growth Medium 3 and was used as indicator strain

or antagonistic tests.

.2. Characterization of bacteriocinogenic-probiotic isolate BDU3

The isolate was identified biochemically [17]. The ability of the
solate to grow at different temperature (range 4–70 ◦C), NaCl con-
entration (1–5%), and pH (2–8) was analyzed [18]. The probiotic
otential of the isolate was verified by its acid and bile tolerance as
escribed previously [19]. The 16S rRNA based genotype identifi-
ation of the isolate was carried out as described earlier [16]. The
6S rRNA sequences thus obtained was submitted in GenBank with
he accession number JX847608.

.3. Screening for antimicrobial potency of B. coagulans BDU3

The double-agar layer method was used; B. coagulans BDU3 was
treaked onto the surface of MRS  agar and after incubation at 30 ◦C
vernight, 10 mL  of soft Trypticase soy agar (TSA) seeded with an
vernight culture of indicator strain (S. typhi MTCC 733), was  over-
ayed. After agar solidification, the plates were incubated for 18 h at
7 ◦C and examined for the presence of inhibition zones. Inhibition
alos indicate a putative bioactive compound production.

Further, the antimicrobial potency of the culture free super-
atant was verified. Briefly, 10 mL  of overnight culture of BDU3 was

noculated into 500 mL  MRS  broth. The culture was centrifuged at
5,000 rpm at 4 ◦C, and the supernatant was filter sterilized. The
ell free supernatant (CFS) thus obtained was screened for bioactive
otential by agar well diffusion method [20]. A panel of microbes
as used to test the antimicrobial potency of CFS. An overnight cul-

ure of the test strains was inoculated on MRS  soft agar. 100 �L CFS
ere poured into the wells and the plates were incubated at 37 ◦C.
fter 24 h of incubation, the diameter of the zone of inhibition was
easured and scored.

.4. Protease susceptibility of the antimicrobial compound from

. coagulans BDU3
Please cite this article in press as: K. Abdhul, et al., Int. J. Biol. Macrom

To confirm if the bioactives produced by isolate BDU3 was
roteinaceous, the susceptibility of the compound to proteolytic
egradation was tested [21]. A loopful of an overnight culture was
 PRESS
ical Macromolecules xxx (2015) xxx–xxx

spotted on TSA plates. After incubation at 37 ◦C for 16 h, 20 �L
of a 20 �g/mL enzyme aqueous solution (Protease type XIV from
Streptomyces griseus,  Proteinase K from Tritirachium album and a-
Chymotrypsin from bovine pancreas) (Sigma–Aldrich, USA) were
applied in 2 mm  diameter wells cut on the agar surface. Sterile MQ
water was  used as a negative control. After incubation at 30 ◦C for
2 h, the plates were overlaid with 10 mL  of soft TSA seeded with S.
typhi MTCC 733. The plates were incubated at 37 ◦C for 24 h. The
absence of inhibition halo next to the well containing proteolytic
enzyme indicates the proteinaceous nature of the antimicrobial
compound.

Further the effect of enzymes (20 �g/mL) and detergents (1%
v/v) on the bioactive potential of the CFS was studied. The crude
CFS was pre-treated for 1 h with various enzymes and detergents
(as indicated in Table 2) and tested for its antimicrobial potency.
Effects of pH were determined by adjusting the pH of CFS with
diluted HCl/NaOH. Samples were incubated for 2 h at various pH
at 37 ◦C, readjusted to pH 6.5 before antimicrobial assay. The effect
of various temperatures was determined by incubating at CFS 30,
45 and 60 ◦C under regulated pH 6.0. The antimicrobial potency
of CFS was  expressed as arbitrary units (AU). AU was analyzed by
spot-on-lawn method [22] using S. typhi MTCC 733 as an indica-
tor. After overnight incubation at 37 ◦C, the titer was  defined as
the reciprocal of the highest dilution that resulted in the inhibitor
lawn. AU of antibacterial activity per milliliter was calculated by
2n × 1000 �L/10 �L.

2.5. Growth and bacteriocin production kinetics

The optimal growth and bacteriocin production kinetics was
determined. MRS  broth was  inoculated with 1% overnight culture of
B. coagulans BDU3. The growth was  measured at regular intervals
of 2 h by measuring the OD600 nm (BioPhotomer Plus, Eppendorf,
Germany). The inhibitory activity at each time interval was  assessed
using agar well-diffusion test.

2.6. Production and purification of the bacteriocins

Ten milliliters of an overnight culture of B. coagulans BDU3
was inoculated into 500 mL  of MRS  broth (Hi media), incubated
at 37 ◦C for 24 h. The culture was centrifuged at 15,000 rpm at
4 ◦C (Sigma, Germany), pH of the supernatant was adjusted to 7
with 5 M NaOH and filter sterilized (0.22 �m;  crude bacteriocin).
The sterile culture supernatant was  treated with 60% ammo-
nium sulphate for protein precipitation and the mixture stirred
gently at 4 ◦C overnight. The precipitated protein was pelleted by
centrifugation at 10,000 rpm for 10 min  (partially purified bacterio-
cin). The partially purified bacteriocin was resuspended in 0.05 M
phosphate buffer and dialyzed against deionized water at 4 ◦C
overnight (purified bacteriocins). These purified bacteriocins were
applied to C18 reverse phase column (10 × 250 mm). Mobile phase A
(Water/TFA, 90:10 v/v) and mobile phase B (acetonitrile/water/TFA,
80:19.95:0.05 v/v) were prepared and elution was performed with
a gradient flow of solvents from 50 to 100% with a flow rate of
1 mL  min−1. The fractions collected at the major peaks were tested
for the antimicrobial activity and lyophilized.

2.7. FTIR and MALDI-TOF analysis

The active fractions were used for the structural elucidation
by Shimadzu FTIR 8400 and spectrum was  recorded from 4000 to
ol. (2015), http://dx.doi.org/10.1016/j.ijbiomac.2015.06.005

400 cm−1, at an average of 20 scans was taken with the resolution
of 4 cm−1. The molecular mass of the purified fraction was deter-
mined by Matrix assisted laser desorption Ionization Time-of-Light
(Applied Biosystems) and the mass to charge data was acquired on
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Probiotic bacteria (Lactobacillus, Bifidobacterium, Enterococci and
yeasts) are considered to be potential producers of metabolites
and antimicrobial agents [23]. Thus they are considered economic
and effective substitute for antibiotics. Though Lactobacillus and

Table 1
Indicator microorganisms used in the present study to evaluate the antimicrobial
potential of Bacillus coagulans BDU3.

Microorganism Diameter of the zone of inhibition (mm)

Bacillus cereus MTCC 430 7.6 ± 0.15
Staphylococcus aureus MTCC 3160 5.4 ± 0.11
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Fig. 1. Phylogenetic analysis of 16

00–2000 range, at an average of 30 scans were taken with 4 cm−1

esolution.

.8. MIC  of the purified bacteriocin

The purified bacteriocin stock solution was prepared and filter
terilized (0.22 �m pore size filter) prior to use. MIC  was deter-
ined by microdilution method. Briefly, 24 h cultures of the panel

f test microbes in THB were diluted in fresh broth medium to
btain an OD600 nm 0.2. Equal volumes (100 �L) of bacterial cul-
ure and serially diluted bacteriocin were mixed into the wells of
6-well plates (Nunc Nalgene, USA). Wells with no bacteria or no
acteriocin served as controls. After an incubation of 24 h at 37 ◦C,
acterial growth was measured by recording OD600 nm. MIC  values
�g/mL) of purified bacteriocin for each test organisms were deter-

ined as the lowest concentration at which no growth occurred.
he MIC  values were determined by three independent experi-
ents.

.9. Cell culture

HEK 293 (Human Embryonic Kidney) cells were cultured in Dul-
ecco’s modified Eagle’s medium (DMEM; GIBCO) supplemented
ith 10% (v/v) fetal bovine serum and 100 U/mL penicillin and

treptomycin 100 U/mL at 37 ◦C and 5% CO2. The viability of the
est cells exceeded 99% prior to cytotoxicity assay as determined
y exclusion of the dye trypan blue.

.10. MTT  assay

The MTT  (3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetra-
olium bromide) assay was carried out to study the effect of
acteriocin on mammalian cells. HEK 293 cells (1 × 105 cells) were
eeded in 96-well plates and incubated overnight at 37 ◦C and 5%
O2. 200 �L of serial diluted purified bacteriocin (0.5–2.5 �g/mL)
as added. Fresh DMEM and SDS were used as negative and
ositive control respectively. Plates were incubated for 24 h at
7 ◦C and 5% CO2. The culture supernatants were removed and MTT
olution (Promega, USA) was added to each well and the plates
ere incubated for 4 h at 37 ◦C and 5% CO2. The MTT  solution was

emoved and DMSO was added to dissolve formazan crystals. The
Please cite this article in press as: K. Abdhul, et al., Int. J. Biol. Macrom

bsorbance at 540 nm was read on a Microplate Reader (Bio-Rad
aboratories, Hercules, CA, USA). The percentage of viability was
alculated as AT/AC × 100; where AT and AC are the absorbances of
reated and control cells, respectively.
A sequence of B. coagulans BDU3.

2.11. Statistical analysis

Data were expressed as means ± SEM from three indepen-
dent experiments. Significant differences were determined by
Kruskal–Wallis test at level of significance of P < 0.05. The EC50 is
defined as the concentration that caused 50% maximum effect and
was calculated by regression analysis of the dose–response curves
for MTT  assay.

3. Results and discussion

3.1. Characterization of the isolate BDU3

The isolate BDU3 was characterized based on their morphol-
ogy and biochemical characteristics. The isolate was phenotypically
characterized as Bacillus coagulans.  The isolate Bacillus coagu-
lans BDU3 was a Gram-positive rod, positive for catalase, indole,
Voges–Proskauer test. The optimal growth temperature was 45 ◦C
and was  found to be spore forming and motile. The isolate showed
acid tolerance and survived at pH as low as 2.0 for at least 3 h but
showed complete tolerance at pH values of 3 and 4. This showed
the ability of the isolate to withstand human gastric pH and serve
as a promising probiotics. The isolate exhibited bile tolerance at
0.1–0.2% above which the survival was  greatly affected. Further, it
can be proposed that the isolate can survive the challenging passage
through the human GIT and can exert health benefits. The strain
was characterized genotypically by 16S rRNA sequencing. The phy-
logenetic analysis showed the sequence to cluster with Bacillus
coagulans and shared 99% sequence homology with B. coagulans
LMG21801 (AJ563374), B. coagulans B241 (AM745108), B. coagulans
R20339 (AJ586393) (Fig. 1).
ol. (2015), http://dx.doi.org/10.1016/j.ijbiomac.2015.06.005

Enterococcus sp.  MTCC 9728 8.3 ± 0.5
Lactobacillus sp. MTCC 10093 3.2 ± 0.36
Micrococcus luteus MTCC 106 9.6 ± 0.6

The values are represented as mean ± SEM of three independent experiments.

dx.doi.org/10.1016/j.ijbiomac.2015.06.005
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Table 2
Effect of enzymes and detergents on the bioactive potential of CFS.

Enzyme/detergents Specific activity (AU/mg protein)

Control 41
Proteases
Proteinase K ND
Pepsin ND
Pronase E ND
Other enzymes
Catalase 25
Amylase 32.8
Lipase 28.7
Detergents
SDS ND
Tween 80 28.7
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Table 3
MIC  of bacteriocin against the test organisms.

Microorganism MIC of purified bacteriocin

Bacillus cereus MTCC 430 0.5 ± 0.26
Staphylococcus aureus MTCC 3160 1.0 ± 0.06
Enterococcus sp. MTCC 9728 0.75 ± 0.12
Lactobacillus sp. MTCC 10093 2.5 ± 0.19
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Triton X-100 28.7

D – not detectable.

ifidobacterium are widely used as probiotics, Bacillus has an added
dvantage due to its ability to sporulate and survive at ambient
emperature [24]. Moreover Bacillus probiotics are marketed as a
herapeutic drug with clinical evidence [25] and Bacillus coagu-
ans has been recognized as GRAS (generally recognized as safe)
y USFDA [26,27]. The phenotypic and genotypic characterization
f the isolate BDU3 revealed it to be Bacillus coagulans.

.2. Screening, characterization and identification of the
ntimicrobial compound of BDU3

The isolate B. coagulans BDU3 showed antimicrobial activity
gainst S. typhi on the agar plates. The antimicrobial potency of
he culture-free supernatant (CFS) as determined by well diffu-
ion method showed inhibitory activity of CFS against a wide
pectrum of pathogenic microorganisms (Table 1). Bacillus has
een shown to produce antimicrobial peptides like amicoumacin

 [28], polymyxin and polyfermenticin SCD [12] and Coagulin [29].
t has been generally accepted that bacteriocin exhibit specific
ctivity against closely related organisms but studies has shown
road spectrum of antimicrobial potency for bacteriocin [30]. The
train BDU3 with the identified bacteriocinogenic potential has
hown wide spectrum of antimicrobial activity against pathogens
ncluding Staphylococcus aureus and Enterococcus and also exhib-
ted activity against closely related bacteria such as Lactobacillus
nd Bacillus cereus.  The result of our present study supports the
nhibitory activity of bacteriocin from Bacillus against Staphylococ-
us, for the control of mastitis in dairy farms [31].

In order to determine the nature of inhibitory substances in
FS, it was treated with enzymes and detergents. The antimicro-
ial activity of CFS was found to be sensitive to enzymes including
roteinase-K, Pepsin and Pronase E with no detectable levels of
ntimicrobial activity. The activity of CFS remained stable by treat-
ent with catalase, amylase and lipase. Further the CFS was found

o be sensitive to urea and EDTA with respective loss of 95 and
9% activity. In comparison, treatment with SDS/Tween 80/Triton
Please cite this article in press as: K. Abdhul, et al., Int. J. Biol. Macrom

-100 induced a partial loss of activity. The action of the bac-
eriocin was slightly affected by detergents, which was similar to
hat observed in bacteriocin produced by Lactobacillus lactis [32].
he CFS was found to be significantly stable at temperatures of

able 4
ummary of the purification steps of bacteriocin from the culture supernatant of Bacillus 

Fraction Total Protein (mg) Total activity (AU/m

Crude bacteriocin 314.6 70 × 105

Partially purified 56 27 × 105

Dialyzed sample 18.25 152 × 103

RP-HPLC 0.64 5.4 × 103
Micrococcus luteus MTCC 106 0.75 ± 0.27

The values are represented as mean ± SEM of three independent experiments.

30, 45 and 60 ◦C. Interestingly, the CFS showed 70% antimicrobial
potency, withstanding temperature treatment of 100 and 121 ◦C for
30 and 15 min  respectively. CFS activity remained stable in the pH
range of 3–6 beyond which 25% reduction in activity was  observed.
The activity of bacteriocin from BDU3 was affected at alkaline
conditions was  in good agreement with previously characterized
bacteriocins from B. coagulans [29]. As the CFS lost the activity by
treatment with proteases, it can be predicted the active compound
produced by B. coagulans BDU3 to be a protein, preferably bacterio-
cin (Table 2). Recently bacteriocin production is being increasingly
considered as an important criterion for the selection of probiotic
strains [33]. Several studies have shown the use of bacteriocin pro-
ducing bacteria to be more effective to improve gut microflora and
health compared to purified bacteriocin [34,35]. This is probably
due to the degradation of purified bacteriocin by gut proteases and
their inactivation before reaching the target site. On the other hand,
bacteriocin produced in the intestine by Probiotic strains enhances
direct interaction of sensitive pathogenic organisms [36,37].

Then, we  determined the MIC  of the purified bacteriocin against
the panel of test organisms. As reported in Table 3, the MIC  val-
ues ranged from 0.5 to 2.5 �g/mL. The bacteriocin showed greater
inhibitory activity against Bacillus cereus (0.5 �g/mL) followed by
Enterococcus sp. (0.6 �g/mL). Micrococcus luteus was inhibited at a
bacteriocin concentration of 2.5 �g/mL. Converse to the commer-
cial antibiotics that have inhibitory activity at a very wide MIC
range, the bacteriocin produced had a very narrow range of MIC
(0.5–2.5 �g/mL).

3.3. Growth and bacteriocin production kinetics

Simultaneous measurement of the growth kinetics and bac-
teriocin production was studied. Detectable levels of bacteriocin
activity were noted at 4 h of fermentation after which it reached
the peak at 24 h. After 24 h the production plateaued till 36 h with
subsequent decline. The maximum bacteriocin production and thus
its activity were observed at the end of exponential growth phase
of B. coagulans BDU3 (Fig. 2). Further characterization and purifica-
tion of bacteriocin was achieved from the CFS obtained in the early
stationary growth phase of B. coagulans BDU3.

3.4. Purification and characterization of bacteriocin
ol. (2015), http://dx.doi.org/10.1016/j.ijbiomac.2015.06.005

The CFS was  obtained after 24 h of fermentation. The crude
CFS was  filtered through a 0.2 �m membrane and activity deter-
mined by disk diffusion method. Crude bacteriocin exhibited
44.50 AU/mg specific activity. The partially purified and dialyzed

coagulans BDU3.

L) Specific activity (AU/mg) Increase in specific activity
(fold increase)

44.50 1
192 4.3
416.43 9.3

8437 189.59
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Fig. 3. Reverse phase-high performance liquid chromatogram of bacteriocins puri-
fied from Bacillus coagulans BDU3. X-axis: Time (min). Y-axis: Absorbance (AU).
Elution of two predominant peaks (Peak A and Peak B) was obtained.
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ig. 2. Growth kinetics and bacteriocin production by Bacillus coagulans BDU3. X-
xis: time (h). Y1-axis: bacteriocin activity (AU/mL) and Y2-axis: OD600 nm.

FS (60% ammonium sulphate precipitation) showed 192 AU/mg
nd 416.43 AU/mg specific activities respectively (Table 4). The
ractionation of the dialyzed preparation by RP-HPLC C18 column
luted two major peaks at retention time of 14.38 and 25.14 min
espectively (Fig. 3). The fractions were collected individually at
pecified retention time and designated peak A and peak B respec-
ively. The fractions collected at peak B showed an activity of
8500 AU/mg and it was further characterized by FTIR and MALDI-
OF analysis.

.5. Effect of bacteriocin on HEK 293 cells

The cytotoxicity effect of the purified bacteriocin was initially
valuated by using MTT  assay. The results of the dose–response
Please cite this article in press as: K. Abdhul, et al., Int. J. Biol. Macromol. (2015), http://dx.doi.org/10.1016/j.ijbiomac.2015.06.005

urves for MTT  assay are presented in Fig. 4. Following exposure
f HEK 293 cells to purified bacteriocin and SDS (positive control)
aused a decrease of cell viability with increasing concentrations.

hen compared with SDS, bacteriocin caused significantly less

Fig. 4. Effect of purified bacteriocin on HEK 293 cells using MTT  assay. The result
represents mean ± SEM of three independent experiments.

Fig. 5. FTIR spectrum of purified bacteriocins Bacillus coagulans BDU3.
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Fig. 6. MALDI-TOF spectrum of 

P < 0.05) cytotoxicity at a concentration range of 0.5–2.5 �g/mL
MIC determined for a panel of microbes). Bacteriocin showed ∼2
imes lower EC50 values in MTT  assay compared to SDS.

.6. FTIR and MALDI-TOF

FTIR spectrum shows (Fig. 5) broad band between 3000
nd 3600 cm−1 indicates – OH and NH stretching. The peaks
t 1506 cm−1, 1645 cm−1 (Gauzian amide bond) and band at
371 cm−1 (Hydrogen bonded OH group) indicate the presence of
eptide bonds. The spectral analysis indicates typical absorption
eaks corresponding to N H stretching of proteins and peptide
onds [38]. The peak at 1645 cm−1 associated with spectrum
etween 3500 and 3200 cm−1 indicates the amide functional group
39]. Absorption valley at 2936 cm−1 results from C H stretching
ndicates the existence of aliphatic chain. The peak at 1415 cm−1

rises from the amide II band which results from the deformation of
 H bond combined with C N Stretching molecule [40]. The peaks
t 1645 cm−1 and 1506 cm−1 indicate the existence of amide I and
mide II [41]. Fraction B obtained by RP-HPLC on C18 was analyzed
y mass spectrometry and the molecular mass of the bacteriocin
as 1.4 kDa (Fig. 6).

The MALDI-TOF analysis clearly points out that the peptide is
 low molecular weight compound which is generally observed
mong bacteriocin. Le Marrec et al. (2000) [42] reported bacterio-
in like compound coagulin, with a molecular mass of 4.6 kDa. On
he other hand, Abada (2008) [43] reported antimicrobial com-
ound with a molecular mass of 7.5 kDa from Bacillus coagulans
ith broad-spectrum activity against both Gram positive and neg-

tive bacterial and fungal pathogens. In contrast to this pediocin
ike bacteriocin with a molecular weight of 1.7 kDa from Pediococ-
Please cite this article in press as: K. Abdhul, et al., Int. J. Biol. Macrom

us pentosaceus was reported [44]. Although low molecular weight
oagulin has been previously reported, even though no peptides
1.5 kDa were reported from Bacillus coagulans.  Increasing atten-
ion in natural antibiotics and food preservatives stimulate research
iocins Bacillus coagulans BDU3.

in the field of bacteriocin as they can act as better alternatives to
chemical based drugs.

4. Conclusions

The B. coagulans BDU3 isolated from Ngari exhibits the probiotic
and bacteriocinogenic potential. To the extent of our knowledge
this is the first report showing a low molecular weight antimicrobial
peptide that is heat stable and with broad spectrum of antimi-
crobial activity. We  appreciate the property of bacteriocins from
Bacillus coagulans BDU3 as a potential bioactive candidate in food
and pharmaceutical industries.
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