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ABSTRACT

Bacteriocinisasafe and natural food preservative produced from bacteria.
Hyper bacteriocin producing bacterial strain R1 isolated from fermented
milk drink- whey hasbeen identified as Bacillussubtilisby 16SrRNA gene
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technique. Bacteriocin produced from B.subtilis R1 showed strong inhibi-
tion against many of the food borne serious pathogens. Bacteriocin pro-
duced from B.subtilis R1 was purified by gel exclusion chromatography.
Molecular weight of bacteriocin wasfound to be 13K Da. Purified bacterio-
cinwithstood temperature up to 121°C, found active at wider pH rangeand
was sensitive to trypsin. This antibacterial substance showed bactericidal
effect against its sensitive indicators which are main food borne/ spoilage

calsing microorganisms.

INTRODUCTION

Foodborne pathogens are the | eading causes of
illnessand death inlessdevel oped countrieskilling ap-
proximatey 1.8 million peopleannually. In developed
countriesfoodborne pathogensare responsiblefor mil-
lionsof casesof infectiousgastrointestina diseaseseach
year, costing billionsof dollarsin medical careandlost
productivity. Among food borne pathogens Listeria
monocytogenesisthe major culprit causing serious
pathogenicity i.e. humanlisteriosis. Listeriaeareac-
quired primarily through the consumption of contami-
nated foodsincluding soft cheese, raw milk, deli sal-
ads, and ready-to-eat foods such asluncheon meats
and frankfurtersand these arefound active evenre-
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frigerated food. Asaresult, tremendous effort hasbeen
madein devel oping methodsfor theisol ation, detec-
tion and control of L. monocytogenesin foods!. His-
toricaly, chemica preservativesand other traditional
barriershave been used infood productstoinhibit food
borne pathogens. These chemica snot only affect natu-
ral propertiesof food but also causes side effectsin
human beings. Chemical preservatives may affect
body’s immune system and disturb biochemical reac-
tionsthat aretaking placeinsde our body. When some
chemical isintroduced into the body, natural defense
system get affected and asaresult the body happens
to absorb theseforeign substances, causingillnessand
breakdown of vital organs. Many diseaseslikechronic
fatique syndrome, irritable bowl syndrome and acid
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stock are because of chemical food intake. Thusfood
safety hasbecomeaprime concern globally. The bur-
geoning consumer demand for faster, healthier and
ready to eat products haslargely stimulated research
interestsinfinding natural but effective preservatives
free of potential health risks. Mankind has used mi-
croorganismsfor thousand of yearsin obscurity prin-
cipally for preserving fermented food. In recent years,
numerousfood poisoning outbresksinvolving various
pathogens, along with increasing concern about the
preservation of minimally processed foods, have
spurred more awareness in the importance of food
safety!?. Thishas prompted new approach for inhibit-
ing food borne pathogensfor prolonging the shelf life
of food products. In the light of above, thereisan
increased tendency to use biopresevatives. Food pres-
ervationiscarried out to maintain the quality of raw
material and physicochemical propertiesaswell as
functional quality of the product®®. Thus, biological
preservationimpliesanovel scientific gpproachtoim-
provethemicrobid safety of foods. Many Bacilli and
Lactobacilli are known to secrete small ribosomally
synthesi zed antimicrobia peptidescaled bacteriocins.
Bacteriocin have been defined asextracel lularly re-
leased primary or modified products of bacterial ribo-
somal synthesiswhich can havearelatively narrow
inhibitory spectrum®. These peptideshavereceived
cons derableattentionin recent yearsdueto their po-
tentia applicationinfoodindustry asnatura food pre-
servatives. The application of bacteriocinin different
food preservativesto combat undesirablefood spoil-
age and pathogeni c organi sms can becomearemark-
able breakthrough. Thus, thereisaquenchto explore
rare and lessrevea ed sourcestoisolate various novel
and effective bacteriocin producing strains, their char-
acterization and application for controlling microbia
spoilage and for preventing food borne pathogens
growinginfood products. So, far, only one bacterio-
cin- nisin has been granted the status of food preser-
vative by food and drug administration of USA and it
iscommercially used worldwide by different food in-
dustried®. Inthe present study, whey, arefreshing fer-
mented milk drink of Indiahasbeen chosentoisolate
new strains of food grade bacteria capable of pro-
ducing unique bacteriocin with desirable attributesfor
preservation.
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EXPERIMENTAL

| solation, screening and identification of bacterio-
cinproducingstrain

| solation

Bacteriocin producing strain was isolated from
whey-afermented milk product. In total 4 bacterial
strainswereisolated on nutrient agar platesfollowing
the serial dilution method (10%-10°) and incubation at
37°Cfor 72 h.

Screening

Screening of isolateswas done by bit/disc and well
diffusion assay’®”. Zonesof clearance against the maxi-
mum number of indicatorswere recorded to select the
best strain. Out of all isolates, B.subtilis R1 was se-
lected for further studies depending upon the widest
zones of inhibitionsagai nst maximum number of test
indicators. Theseriousfood borne pathogensand spoil-
age causing microorganisms like Listeria
monocytogenes M TCC 839 Saphyl ococcus aureus,
L euconostoc mesenteroidesM TCC 107 Escherichia
coli, Enterococcus faecalisMTCC 2729, Lactoba-
cillus plantarum, BacilliussubtilisMTCC 121, Ba-
cilluscereusMTCC 1272 and Clostridiumperfringes
MTCC 450 were chosen astest indicatorsto study the
antagoni gtic pattern of isolates.

Molecular Identification

Thebacteriocin producing isolatewasidentified at
thegenomiclevel onthebasisof 16SrRNA genetech-
nique.
I solation of genomic DNA

Genomic DNA wasisolated by following standard
procedure®,

PCR amplification of 16Sr RNA region

PCR amplificationwasdoneto confirmtheidentity
of thebacterial strains, thesmall sub-unit 16SrRNA
geneswereamplified fromthegenomic DNA with 165
(5’ AGAGTTTGATCCTGGCTCAG3’) and 16SR
(5’TACCTTGTTACGAC TT3’) primers to get an
amplicon sizeof 1500bp. Amplificationswerecarried
out in50ul reaction volume consisting of 10x buffer,
5.0ul; 2mM dNTPs, 5.0ul; 3U/ul Tag DNA polymerase,
0.33 ul; 100ng/ul of each primer, 2 pul; 50-100ng tem-
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plate DNA, 1ul and H,O 34.67ul in a Biorad (USA)
thermocycder using the PCR conditions92° C for 1 min
(denaturation), 45° C for 1 min (annealing) and 72° C
for 1 min (extension). Thetota number of cycleswas
35, withthefinal extension of 72° C for 10 minutes.
Theamplified products (50 ul) were size separated on
1.0% agarosegel preparedin 1% TAE buffer contain-
ing 0.5 ugml* ethidium bromideand photographed with
the gel documentation system. A 1000bp DNA ladder
was used asmolecular weight sizemarkers.

Purification of the PCR product

The PCR product (1500bp) waspurified from con-
taminating products by electroel ution of thegel dlice
containing the excised desired fragment with Qiaguick
gd extractionkit (Qiagen, USA). Thedution wascar-
ried out in 30ul of nuclease free water.

Nucleotide sequencing

Sequencing Preparation—The PCR amplicons ob-
tained by amplifying PCR productswasdiluted in Tris
buffer (10mM,pH 8.5). Dilutionsused was 1:1000. In
order to obtain the DNA concentration required for
sequencing (30ng/uL), The sequencing reaction required
8uL DNA. The primer used in all sequencing reactions
was16SF (5’ AGAGTTTGATCCTGGCTCAG3’) and
16SR (5’ TACCTTGTTACGAC TT3’) a aconcen-
tration of 3uM.Sequencing wasthen performed using
an automated sequencer (ABI PRISM 310, Applied
Biosystems, USA

BLASTN analysis

Trand ated nucleoti de sequencewasthen analyzed
for smilaritiesby usng BLASTN tool (www.nchi.nlm.
nih.gov:80/BLAST).The Bacteria isolate wasidenti-
fied asB.subtilis

Production and purification of bacteriocin

Thenutrient broth medium containing (5g peptone;
3 beef extract; 5gNaCl in 1000 ml of H,O) wasmodi-
fied by adding 3g yeast extract and 1g glucosetoin-
crease bacteriocin production. 10%inoculum of
B.subtilis(1.0) O.D. wasinocul ated and incubated at
30°C for 72 h at 150 rpm. Partial purification of the
samplewas done by standard salt saturation method
addingammonium sulfatea 70%saturatiomn level and
kept overnight!®. The pellet was collected after cen-
trifugation at 20,000xg a 4°C for 30 mini%. Thepellet

wasdissolved in phosphate buffer (0.1 M, pH 7.0) and
stored at 4°C. The column was packed according to
therecommended procedure. The sephadex G-100
(5 g) wasweighed and suspended in 500 ml of phos-
phate buffer for overnight. It wasswollenfor 5hin
boiling water bath, deareated next day for 1 h and
brought back to room temperature before packing the
column. Theszeof the column used had dimens onsof
(75x 1.5cm). The packing was doneto avoid entrap-
ment of any air bubblesinthegd bed. Thecolumnwas
then e uted with phosphate buffer (pH 7.0,0.1M). The
protein sample (5 ml) wasloaded on the sephadex G-
100 column. The column was el uted with phosphate
buffer (pH 7.0) and 3 ml fractions of samplewas col-
lectedineach of total 30tubes. A flow rateof thesample
of 15 ml/h was maintained. The fractionswere ana-
lyzed for protein content by taking OD at 280 nm and
of proteinswere estimated by Lowry’s method™*2. Pu-
rity and molecular weight of bacteriocin wasdetermine
by SDS PAGE.

Calculation of activity units(Arbitrary units— AU/
ml)

Activity unitsintermsof arbitrary unitswere cacu-
lated by serial two fold dilution method. The activity
unitsof culture supernatant, partially purified and puri-
fied bacteriocin of B.subtilisRI were cal culated by se-
rial two fold dilution method®. The culture superna-
tant, partialy purified and purified bacteriocinwasdi-
luted intherangeof10?, 10-4, 10°, 108, 10°and 10%2,
Thereciprocd of smallest detectablezoneof inhibition
wasmarked for caculation of AU/m.

Characterization of purified bacteriocin
Effect of pH

0.5ml of aliquot of purified bacteriocin was added
to 4.5 ml nutrient broth of different pH, viz.3.0t011.0
with an increment of 1, and incubated for 30 min at
37°C. Each pH trested bacteriocin wasassayed by well
diffusion method against thetest indicatorg®3.
Effect of temperature

0.5ml of bacteriocin preparationswere added into
4.5 ml nutrient broth in sterilized test tubes. Each test
tubewasthen overladwith paraffin oil to prevent evepo-

ration and then treated at different temperatures of
40°,50°,60°,70°, 80°,90°,100° and 121°C each for 10
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min. Each temperaturetreated bacteriocin was assayed
by well diffusion assay!*“.

Effect of proteolytic enzymes®

Lawnsof test indicatorswere prepared and effect
of proteolyticenzymeon activity of purified bacteriocin
was studied by following method.

Enzymeactivity

I. Enzymecontrol. | (EC)
Il. Enzymecontrol Il (EC,)

0.3 ml phosphate buffer

0.15 ml bacteriocin isolate +
0.15 ml of phosphate buffer
0.25 mg of enzyme trypsin
(sigma chemicals) was dis-
solvedin 1 ml of 0.5 M phos-
phate buffer and then added
to bacteriocin of B.subtilisin
theratiol: 1.

ThepreparationsEC,, EC, , E, werethenincubated
for Lhat 37°C. Theenzymereaction and both enzyme
control swereassayed by well diffusion method against
thelawnsof indicators.

M odeof action of purified bacteriocin of Bacillus
subtilisRI against itsrespective indicators

To determine the mode of action, bacteriocin of
B.subtiliswas mixed with itsrespectiveindicatorsin
theratio 1: 1(1ml bacteriocin+1 ml indicator). The prepa:
ration waskept for incubation at 30°Cfor different time
intervalsviz 1to 10 hwith hourly intervals. Control
with out indicator wasrunin parale. After eachtime
interval 0.1 ml of the preparation was mounted on nu-
trient agar plate by spread plate method. After incubat-
ing petriplates at 30° C, observations were made by
counting CFU of bacteriocin treated and untreated in-
dicators (CFU/ml) ontheplates.

1. Enzymereaction (E,)

RESULT AND DISCUSSION

Thebacteriocin producing strainisolated fromwhey
showed antagonism against number of pathogenslike
L.monocytogenes MTCC 839, L.plantarum,
Saureus, B.subtilis MTCC 121, C.perfringenes
MTCC 450, B.cereus MTCC 1272 E.coli and
L.mesenteroidesM TCC 107. The zones of clearance
wereformed onthelawnsof selectedindicatorsinthe
range of 2-4mm by crude bacteriocin of B.subtilisRI
intheBitdisc/ well diffusion assay (Plate ). Itsinhibi-
tory activity wasfound to be 20x 10°AU/ml Thebroad

range antagonistic spectrum and higher activity units
madethisisolateinteresting for bacteriocin production.
It wasidentified asBacillussubtilisR1 & genomicleve
by using 16SrRNA PCR technique (Plate 2)

Platel: Inhibitory spectrum of bacteriocin producing bacte-
ria by Bit/disc method against L.monocytogenes

Genomic DNA Bacillus subtilis PCR product Bacillus subtilis

Plate2: Molecular characterization of BacillussubtilisR1
using 16SrRNA

Partia purification of bacteriocin wasachieved by
precipitating it by adding ammonium sulfate at 70%
level of saturation. Bacteriocin after precipitation re-
sultedinanincreasein size of inhibition zonesagainst
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itstest sengitive srainsindicating its concentrated ef-
fect onthem. The partially purified bacteriocin ex-
pressed higher activity units of 30x10°AU/ml. The
complete purification of bacteriocin sample of
B.subtilis R1 was achieved following column chro-
matography. Different stepsto purify bacteriocin are
exhibitedinTABLE 1. Fraction no 51-55 were pooled
together based upon highest antagonistic activity Fig-
urel. Thehaosof clearancewidesti.e. 11mm, 14mm
and 12mm against L.monocytogenes MTCC 839,
L.mesenteroides MTCC 107 and L.plantarum re-
spectively. Theactivity unitsof purified bacteriocin
were escalated to 5x10°AU/ml. Homogenity of pure
bacteriocin sample was checked by single band ob-
tained after sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE). The molecular

weight of bacteriocin wasfound to be 13K Da. To con-
firm the nature of purified single band of Bacillus
subtilisR1.1t was cut from the gel and itsantimicro-
bial activity against standard indicators i.e.
L.monocytogenesM TCC 839 and L.mesenteroides
MTCC 107 was recorded. The zone size of 10mm
and 14mm respectively ascertainthetrue status of bac-
teriocin. Asaready reported, low molecular weight
obtained inthe present investigationisacharacteristic
feature of most of the bacteriocins. Warnerin 20,abac-
teriocin produced by Swarneri FM 20 purified by
SDS-PAGE has been found to haveamolecular mass
of 6KDd*®l, Another bacteriocin produced from strain
Lactobacillus plantarumisolated from nham (Tra-
ditiond fermented pork) a so showed molecular weight
of 8 KDabased on gel filteration analysig'”.

TABLE 1: Partial purification and purification of bacteriocin produced by BacillussubtilisR1

iVi ecific
Volume Act|y|ty Total Protein igtivit Purification  Recovery
) unit — Activity  (mg/ml) e fold %
M) aumi (10)

Crude (culture supernatant) 1000 10x10 1x10 4186 2.38 1.00 100.00
Partially purified bacteriocin 5 7

(Amm. Sulphate ppo) 20 0x10  6x10 2558 11.72 4.97 61.1
Purified bacteriocin 10 4x10  4x10 1012 395 165 24.1

(washing + SDS)

Total activity was determined by the multiplication of volume/activity

Protein concentration was determined by lowry’s method
Specific activity is the activity unit/protein concentration
Purification fold is increase in the specific activity

Recovery % is remaining protein concentration as % of the initial protein concentration

Column size - 16.5 cmx 1.5 cm
£ Eluent- phosphate butfer (pH7.0,0.1M)
Fraction size - 2ml

AR R O I o O O I O TP ol I O g
Fraction number

Figurel: Elution profileof purified bacteriocin of B.subtilis
RI on sephadex G-75 column

Pure bacteriocin of Bacillus subtiliswas charac-
terized to assess its capability to work in different

environmental conditionsviz temperature, pH, sat con-
centration etc. from food preservation point of view.
Bacteriocin showed thermo stability against Listeria
monocytogenes M TCC 839 upto100°C for 10 min
and against Leuconostoc mesenteroidesMTCC 107
upto 121°C, although therewas a partial lossin ac-
tivity with acontinuousincreaseintemperature (Fig-
ure2). Purified bacteriocin of BacillussubtilisR1has
worked well inawide pH range. Bacteriocin showed
resistance against Listeria monocytogenesMTCC
839 in the pH range 4.0 to 11.0 and against Leu-
conostoc mesenteroides MTCC 107 between 5.0
t0 10.0 but significant effect was observedin pH range
6.0to 7.0 (Figure 3). If we compareit with bacterio-
cinscitedintheliterature, other bacteriocinshave ex-
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pressed activitiesin alimited pH rangeviz., bacterio-
cinof L.lactiswasfound stablein acidic to neutral
range pH (4.0-7.0) while that of L.plantarum re-
tained activity from pH 3.0-6.0 only*®. Stability at
high temperature and at wider pH rangearedesirable
charactersfor using bacteriocin of B. subtilisR1lina
heat processed, acidic /alkali /neutral food items.
Bacteriocin of B.subtilisR1 showed sensitivity to
proteol ytic enzymetrypsin, proteinase k and pepsin.
When it wastreated with these enzymesin theratio
of 1:1 and welled into lawns of indicators, there was
no zoneformationinthe plates (Plate 3) indicting nil
activity of bacteriocin strongly provingits proteina-
ceous nature. Thisfurther addsto thefact that if once
administered it will be broken down by gastricjuices
of digestivetract thusrendering it completely safefor
human consumption*¥. Thereisno toxicity reported

16

OL. monocytogenes

mL ;
14 L. mesenteroides

OL. plantarum

12 4

10 4

Inhibition zone size

30 40 50 60 ' 70 80 90 100 121
Temperature (oC)
Figure?2: Effect of temperatureon activity of purified bac-
teriocin of BacillussubtilisR1 (in termsof inhibition zone
at 10 min.)

so far by use of bacteriocins. Toxicological studies
have confirmed that nisinisnot toxic at all even at
much higher concentration than used in food?”. The
bactericida effect of purified bacteriocin of B. subtilis
on its sensitive strains L. monocytogenes MTCC
839, L. mesenteroides MTCC 107 and L.
plantarum have been exhibited in Figure 4. When
indicatorswere treated with purified bacteriocin of
B. subtilisintheratio 1:1 (bacteriocin : indicator cells)
inthetimeinterval of 1,2,3.......... 9,10 h., with
increaseintime, therewas adecreasein CFU/ml of
respectiveindicators corresponding to their controls.
At 1 h, L. monocytogenes M TCC 839 treated with
purified bacteriocin had 40 x10° CFU/mI. After 5h
decrease was observed to 37x10° CFU/ml while at
10 hit reached to 26x10° CFU/ ml. Similarly, reduc-
tionin CFU/ml was observed with other two indica-

14

OL. monocytogenes
B L. mesenteroides

12 4 OL. plantarum

Lo L0

3 4 5 6 7 8
pH

i
@ o
! !

Inhibition zone size
[*)]

Figure3: Effect of pH on activity of purified bacteriocin of
BacillussubtilisR1 (in termsof inhibition zone)

Enzyme- pepsin
Plate3: Effect of proteolytic enzymestrypsin, pepsin and proteinase K on activity of purified bacter eiocin of Bacillussubtilis
R1 against L. monocytogenes

Enzyme- proteinase K

Enzyme-trypsin
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Figure4: M odeof action of purified bacteriocin of B.subtilis

R1against test indicators

torsL. mesenteroidesMTCC 107 and L. plantarum
having 33x10° CFU/ml and 38x10° CFU/ml at 1 h,
respectively. It was 28 x 10° CFU/ml and 31x10°
CFU/ml at 5hand 17x10° CFU/ml and 19x10° CFU/
ml at 10 hfor L. mesenteroidesMTCC 107 and L.
plantar um respectively. Whilethree control s exhib-
ited thegradual increaseintheir CFU/ml ranging from
41x10° CFU/ml at 1 hto 46x10° CFU/ml at 10 hfor
L. monocytogenes MTCC 839, 35x10° CFU/mI at
1 hto 38x10° CFU/ml at 10 h for L. mesenteroides
MTCC 107 and 40x10° at 1 h to 45x10° CFU/ml at
10 h for L. plantarum. Similar mode of action of
bacteriocin was observed with B.lentus and that of
B,mycoides against sensitive gram positive bacteria.
Most of the bacteriocinsreported till date are bacte-
ricidal™®® and thus|eadsto effective preservation of
food by killing and eradi cating the targeted pathogen
populationsrather than ssimply checking their growth.

CONCLUSION

It may be concluded from above study that bacte-
riocin of B.subtilisR1 isolated from whey hasbright
prospectsto be used asafood biopreservatives asit
posesacombination of desirable characterigticsviz: bac-
teriocin issecreted from food grade bacteriaalready
existingin ediblefood sample, thusrenderingit com-
pletely safefor consumption, strong antagonism against
abroad range of serious and challenging food borne
pathogens/spoil age causing microorganisms, bactericidal
mode of action causing death of pathogens, action of
bacteriocin at higher temperature and wider pH range,
imparting it stability ; degradation of bacteriocininthe

—————— FyLL PAPER

presence of proteolytic enzyme making it completely
safefor human consumption.

All theabove mentioned attributes advocate strongly
that bacteriocin of B.subtilisR1 isolated fromwhey
has vulnerable potential to be used as effectivefood
biopreservativein placeof chemica preservativesthus
keepingintact thenutritive propertiesof processed food
aswell assafer for consumption.
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