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ABSTRACT
Ph.D. Nageswara Rao, K. Dairy Miecrobiology

Genetic and Biochemical Charactérization of Bactericcin
Produced by a Selected Pedivcoccus sp.

The present Iinvestigation deals with the Isoclation,
screening and identification of bacteriocinocgenic
pediccoccal cultures; production, partial purification and
characterisation of  bactericcin; and determination of
genetic elements associated with bacteriocin production in
the salected pediovoccal isolate.

¢cf the 45 pediococcal isolates obtained from 25
different milk and milk products, b5 strains exhibiting
bacteriocin activity were identified as different strains of
Pediococcus pentosaceus. The bacteriocin of P. pentosaceus
34 selected for further studies was opltimally produced in
MRS broth ({initizl pH 6.5) after 16-18 hr Iincubation at
37°¢. The bacteriocin was secreted as a primary metabolite
during the log phase reaching the highest titre (78,000
AU/ml) at the end of the log phase. It was precipitated by
ammonium sulphate precipitatior (30-60% saturation) with 3.1
fold purification and 34.3% recovery. Efforts to purify the
bacterioccin Ffurther by gel filtration and ion-exchange
chromatographies were ncot spccessful. : o

The  bacteriocin  exhibited _a  broad  spectrum
antibacterial activity inhibiting numercus Gram +ve bacteria

including  Listeria  monocytogenes,  Bacillus cereus,
Staphylococcus aureus eto. The molecular weight of
bacteriocin was found ¢to be between 3,500-6,100 Da. as
determined by SDS-PAGE technique. The bacteriocin was

sensitive to proteclytic enzymes but extremely heat stable
(100°C/30 min) and active over a wide pH range (I1-11). It
demonstrated a  bactericidal, onon-bactericlytic meode of
action. The activity of bacteriocin increased by 3-folds
upon treatment with 1% SDS but was ungtable in salt
solutions (NaCl 0.5 M or more}.

The bacteriocin preoducing P, pentosaceus 34 harboured 5
plasmids with molecnlar weights of 11, 4.6, 3.6, 3.2 and 2.1
MDa., The parent culture treated with novobiocin (40, 435 and
50pg/ml}) at 45°C resulted in the iseolation of 15 Bac
variants. The comparison of plasmid profiles of parent and
cured variants as well as attempts to transfer the Bac
phenotype to a plasmid free Bac variant by conjugation
failed te provide any evidence for the involvement of
plasmid DNA in bacteriocin prodoction.

The bacteriocin added te skim milk effectively
controlled the growth of L. monocytogenes during storage at
5°C for 15 days.
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1. INTRODUCTION

Preservation of perishable foods in a sound and se&fe
condition has ever remained a challenging suﬁject for the
mankind. Foods containing highly nutritious ingredients
such as carbohydrates, 'proteins, fats, minerals etc.
serve as excellent media for the proliferation of
microorganisms some of which may cause the spoilage of
foods or may prove a saféty hazard fo‘ the consumers.
Qver the years, mankind has developed several processss,
either by default or design, to enhance the safety and
prolong the shelf life o¢f perishable foods which
otherwise are susceptibie to the "spoilage by the
undesirable microflora. These food preservation methods
can be broadly grouped aé physical {heaﬁing, drying,‘
freezing etc.), chemical (smoking, salfingy synthetic

preservatives etc.) and microbitolecgical (fermentation)

methods.

Although thermal processing is considered as one of
the most effective means to control the undesirable
bacteria, their very presence in foods suggests the
post-processing contamination. The. changing consumer
requirements for fresh, highly nutritious fobds further
require a less severe processing treatment leaving many
bacteria unaffected which nay eventually grow and spoil
the foods during subsequent refrigeration storage. As no
single method is effective in providing prbtection
against several types ©f microorganisms encountered in
the spoilage of foods, "hurdle technology"™ involving the
combined use of different physical, chemical ang
microbial factors 1s being widely practised for the

preservation of foods.



Chemical preservgtives such as lactate, sulfites,
nitrites, sorbates, parabens etc. have Dbeen used as
additional barriers in the preservation of foods by using
hurdle technology. On the other hand, the consumers of
present day are constantly looking for foeds without any
chemical preservdtives, thus forcing the food scientists
to search for naturally occurring antimicrobial compourids_
for preservation of foods. These naturally occurring
antimicrobial compounds are termed as "biopreservativeé"
and include all those antimicrobials that are of plant,
animal or microbial origin. Amongst all the
biopreservatives, those from lactic acid bacteria (LAB)
employed in the manufacture of fermented foods are being
studied extensively for their application in the

-

biopreservation of foods, -

The diverse group of lactic acid bacteria involved
'in wvariocus food fermentations belong to the genera:
Lactococcus, Lactobacillus, Leuconostoc, Pediococcus,
’ Streptococcﬁs and the ﬁewly recognised Carnobacterium.
These bacteria alﬂer the sensory characteristics of raw
materials often resulting in foods with increased
nutritive and eéonomic values, In the third world
countries, many of the fermented foods are produced under
relativély unhygienic conditions and yet retéin a good
record with respect to miciobioclogical safety. This has
been attributed to the synthesis by LAB of a wvariety of
inhibitory compounds which prévent the development of
undesirable bacteria. These inhibitory compounds include
organic acids (lactic, acetic, propionic etc.), carbon
dioxide, hydrogen peroxide, diacetyl, bacteriocins or
bactericidal proteins etc. The antimicrobial metabolites
of LAB are unigque with respect to their role_ in the

biopreservation of foods.



Bacteriocins are small, single or complex proteins
or proteinaceocus substances that exhibit ‘bactericidal
activity against a 1limited range of organisms, usually
closely related to the producer. Bacteriocin production
has been detected among all the members of LAB. The
bacteriocins of LAB form & heterogeneous group of
antibacterial proteins with regard t¢ their inhibitory
spectrum, physical and biochemical properties, mode of
action and genetic elements associated with their
production. The bacteriocins with a wide inhibitory
spectrum are interesting because of their potential to
contrdl'the growth of spoilage and pathogenic flora. 1In
the recent past, there has been a great deal of research
on the bacteriocing of LAB for naiural preservation of

foods.

Nisin, .the bacteriocin produced by certain strains
of Le. lactis subsp. lactis, is the only bactericcin that
has beeﬁupermitted for use in certain types of Zoods in
- as many as 45 countries round the globe includizng India.
The food microbiologists 2ll over the world are engaged
in search for a bacteriocin from LAR to overcomé some of
the  inherent problems encountered with the use 2f nisin
such as ineffectiveness in foods at near neutrzl pH and
limited antibacterial spectrum. The Tast acecumulating
literature suggests that bacteriocins preduced by
pediococei - can be exploited as natural food

preservatives, overcoming the problems associated with

the use of nisin.

The pedioéocci comprise a group of bacteria that are -
cf economic impertance in the Dbrewing and food
industries. Several species and strains of pe=diococci
have been used as starter cultures in the fermencation of
vegetablas, meats, sausage products, fermented milks and
asgsociated with the develovpment of flawvour in Cheddar and
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.other related <cheese varieties. The pediccoccal
fermentations not only help in improving the sensory
guality of foods but also enhance the safeby and extend
the shelf life of foods by inhibiting the growth of
pathogenic and spoilage microorganisms. The inhibitory
effect of pedicgoccal cultures 1is largely due to -
bacteriocins that are termed as pediociins to signify
their oxrigin. The sparse information available on
pediocins suggests that they could alsc be wused as
natural food preservatives owing to their broad spectrum
activity and high sensitivity to gastric proteolytic’
enzymes such as trypsin, chymotrypsin and pepsin. It is
very likely that more future research on pediocins may
aid their successful application in the biocpreservation
of foods.

-

- L

- The pediocins for food application should have (i) a
broad spectrum of activity (ii} bactericidal rather
bacteriostatic action {iii) good activity ‘and stability
in the environment encountersd in foods (iv) a high
consumer safety margin i.e. no tdxicologicél effects.
Thérefc:re, thorough characterisation of pediOcinS' with
respect to their antibacterial activity spebtrum,‘ mode' bf
action, physical and biochemical properties. ete. is
necessary to facilitate the approval | by regulatory
agencies for their wuse in foods. The effective
commercial application reguires the production of
pediocins in large amounts. Till date very few'reborts
are available which deal with the cultural- and
environmental factors that influence the ability of the
pediococcal strains to produce pediocins. Another
important area that needs further investigation 1is -the
genetic elements assoclated with pediocin production
which would further facilitate the improved function and
wider application of this group of bacteria. Berter
understanding of pediocins would also lead to ta;:geted
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biccontrol of spoilage microflora and foodborne

pathogens. -

Keeping 1in view the ongeing glebal search for an
ideal bacteriocin biopreservative and the importance of
pediccocci and pedicocins in preserving fthe foods, ths
present investigation has been undertaken with the

following objectives:

l.Isolation and didentification of bacteriocinogenic

pediccocci
2. Optimisation of the conditions for max imum

bacteriocin production by a selected Pediocccccus sp.
3. Partial purification and characterisation of the
bacteriocin ' _
4. Delineation of the genetic control of bactericcin

production and genetic construction of starters.
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2, REVIEW OF LITERATURE

2.1 BACTERIQCINS OF LACTIC ACID BACTERIA

Eversince the publication of the first review on the
bacterioging of Gram positive bacteria by Tagg et al
(19276}, there has been a renewed interest in the field of
bacteriocins of Gram positive bacteria. The research on
bacteriocins produced by a heterogeneocus grour of Gram
positive bacteria comprising genera, Lactobaciilus,
Lactoceoccns, Leuconostoec, Pediococcus,'Straptococcus and
Carnobacterium, collectively known és lactic acid
_bacteria {IAB) has witnessed a tremendous growth in the
past one and half decades as 1is evidenced by the
publication of several  review articles (Klaenhammer,
1988, 1993; Piard and Desmazeaud, 1892; Nettles and
Barefoot, 1993; Malik et al., 1994b; Jack et a ., 1995;"
‘Stiles, 1996) and books (Ray and Daeschel, 1992; Hoover
and Steensor, 1993; Devuyst and Vandamme, 1994) dealing
with various aspects of bacteriocins prbduced by lactic

acid bacteria.

The potential for applications of bacteriocins and
bacterieccins producing LAB in food preservation has lead
to the isolation and characterisation of several
bacteriocins. The bacteriocin producing LAB have been
- isolated from various sources such as vegetables, meat
and meat products, milk and milk products znd other
sources sSuch as dental plague. In some cases an
identical Dbactericcin may be produced by different
subspecies of the same speéies as observed for



lactococein A (Neve et ai.; 1984; Stoddard et al,, 1992},
different strains of the same species as observed for
lactococcin A (Neve et al., 1984; Holeo et al., 1991}.
There are also incldents where a single strain produces
more than one bacteriocin as recorded ,for ULc. laciis
subsp. cremoris 9B4 (van Belkum et al., 199la, 1992} and

Lb. plantarum LPCO10 (Jimenez-Diaz et él., 1883) .

2.1.1 TACTOBACILLI

The bacteriocinogenicity has been described for
several of the obligate homofermenters (Lactobacillus
acidephilus, and Lb. helveticus), facultative
heterofermenters {Lb. piantarum and Lb. sake) and for the

heterofermentative Lb. brevis,

2.1.1.1 Lactobacillus helveticus

The bacteriocins described frem thé speciles include
‘helveticin J by the strain 481 {(Joerger and Klaenhammer,
1986) and helveticin V-1829 by the strain . 1829 (Vaughan
et al., 1892). _ Recently, Thompson et _al (1996)

identified a bacterioccin in the culture supernatant of

Lb, helveticus CNRZ450.

2.1.1.2 Lactoebacillus acidophilus.

EBarly investigations into the  antimicrobial
activities of Lb. acidophilus suffered due to
insufficient characterization of the antagonistic agents,
to determine whether or not bacteriscins are responsible
for the observed inhibition Klaenhammer, 1988).
Barefoot and Klaenhammer (1983) provided a more
definitive characterization of bacteriocing from the
species with the description of lactacin B, a bacteriocin

7



produced by Lb. acidophilus N2. ten Brink et al (19%94)
reported the production of acidocin B, an atypical
bacteriocin by Lb. acidophilus strain M44 isclated from
human dental plague and Lh. acidophilus TK%201 was found

to produce a bacteriocin termed as acidocin A {Xanatani

et al., 1995}).

2.1.1.3 lLactobagillus plantarum

Daeschel et al (1990) reported the production of
plantaricin A by Ib. plantarum C-11 isolated from
-cucumber fermentations. -It is interesting to note that
Lb., plantarum LPCO10 isolated from a green olive
fermentatien elaborated intc the growt: medium two
bacteriocinsg designated as plantaricins S5 and T
~ (Jimenez~Diaz et al.., 1993). A bacteriocin, plantaricin
KW30, producing strain of Lb. plantarum has fecently been
isclated from fermented maize {Kelly et al., 1996). ‘

.Bacteriocinogenic L., plantarum strains from dairy
and meat products haﬁe_ also been reporced. A Lb.
plantarum strain LTF154 isolated from a fermented sausage
produced a .bacteriacin designated as plantacin 154
{Kanatani and Osghimura, 1984). Rekhif ot al (1394}
isolated a bacteriocin producing Lb. plantarum strain
LC74 from goat raw milk and hamed the bacteriocin as
‘plantaricin LC74. Recently Ennahar at al (1996) reported
the production of a bacteriocin identical to pediocin AcH

by a strain of Eb. plantarum WHE92 isoclated from a soft

cheese.

2.1.1.4 Lactebacillus sake

Bacteriocins produced by the strains of Lb. sake

isclated from meat and fermented sausages include:

g



sakacin A by Lb. sake 706 ({(Schillinger and Lucke, 1989},
lactocin S by Lb. sake L45 {(Mortvedt and Nes, 183%0}..

2.1.1.5 Lactobacillus brevis

~ Benoit (1994) identified an antibacterial protein
produced by Lb. brevis S$B27 isclated €from dry cured
sausage and designated it as brewvicin 27. Production of
brevicin 286 has been recently repoited in Lb. brevis
VB286- that was originally isolated from vacuum packaged

meat {(Coventry el al., 1996}.

2.1.1.6 Other Lactobacilli

Lactacin F producing Eb. acidophilus 11088 [Muriana
and Klaenhammer, 1287) has recently been renamed-as Lb.

jobnsonii as cited by Klaenhammer (1993).

2.1.2 LACTOCOCCI

Several workers  {(Oxford, 1944; Mattick and Hirsch,
1947; Neve et al.;, 1984; Hole et al., 1991 and Kojic et
al., 1991) have reported bacteriocinogenicity among the
different strains of fthe three most economically
important lactococcal species: Lactococcus lactis subsp.

lactis, ILc., lactis subsp. cremoris and Lc, lactis subsp.

lactis biovar. diacetylactis.

2.1.2.1 lLactocecccus lactis subsp. Jactis

Nisin, the most extensively characterised
bacteriocin from lactic acid bacteria, is produced by
several strains of [Lc. lactlis subsp. lactis. The word
'nisin' was coined to designate the group 'N'.inhibitory
substance in 1947 by Mattick and Hirsch. A bacteriocin,

9



lacticin 481, produced by Lc. lactis subsp. lactis

CNRZ481 was reported by Piard et al (1990). “he
production of several lactococcins has been described in
several other Le. Jlactis subsp. lactis which include:
Lactococecin by Lc. lactis subsp. lactis ADRI  85L330
(Dufour et al., 1991); lactococecin G by Lc. lactis subsp.
lactis IMG208]1 (Nissen-Mevyer et al., 1892}; léctccoccin
972 by ILc. lacti§ subsp. lactis (Martinez et al., 1996);
lactococcin 484 by Lc. lactis subsp. lactis 434 {(Gupta

and Batish, 1992).

2.1.2.2 Lactococcus lactis subsp. cremoris

The first. description of a proteinaceous inhibiwor
in lactococci was from Lc. lactis subsp. cremoris. The
antimicrobial agent described by Whitehead in‘ 1933 was
-‘%ater on partly purified'and shown to be proteinaceous in
nature. It was termed as 'Diplococcin' to signify the
_d%piococcal arrangement of the producer cells (Oxforid,
1944). A number of lactococcins have been described Zor
Lc. lactis subsp. cremoris. These include: lactccoccir A
from strain IMG2130 (Holo et al., 1991) and strain 934
(Neve et al., 1984). Later it was found that Le. lact’s
subsp. cremoris strain 9B4 produced two more bacteriocins
termed as'laptococcin M (van Belkum et al., 199la) and
' lactococcin B (van Belkum et al., 1992). Huot et al
(1996) described the production of a bacteriocin

designated as Bacteriocin J46 by Lc. lactis subso.

cremoris J46.

2.1.2.3 Lactococcus lactis subsp. lactis biovar.

diacetylactis

The bacteriocin described in Le. lactis subseo.
lactis biovar. diacetylactis WM4 (Scherwitz et az,, 1983)
10



has been found to be identical to the lactococcin A
produced by ILc.  lactis subsp. cremoris strains 9]34- and
LMG2030 ({s5toddard et al., 1932). Kojic et al (1991)
reported the production of bacteriocin S50 by Ic. lactis
subsp. lactis biovar. diacetylactis $50. A strain of Ic.
lactis subsp. lactig biovar. diacetylactis UL720 isclated
from raw milk has béen_ found to produce a bacteriocin
termed as diacetin B (Ali et al., 1995)., Morgan et al
(1295} isclated Lc. lactis .subsp. lactis Dbiovar.
diacetylactis DPC398 from an Irish.chee-se factory and
observed the effect of all the three lactococcins wiz. A,

B, and M in the strain DPC398,.

2.1.3 LEUCONCSTOCS

The first evidence for ba-ct-eriocih i:roduction in
Leuconostoc spp. was provided by Harding and Shaw in.
1990, They reported the production of -a heat ~stable
protein by a strain of Leu. gelidum that was active
aga-inst other lactic acid bacteria and three strains of
Listeria monocytogenes. In recent years, a number of
bacteriocin producing strains df Leuconostoc sbp. ahave_

been isolated from wvarious sources such as milk and meat

products.

Hastings and Stiles (1991) reported the production
of a bactericcin designated leucocin A-~UAL187 by ZLeu.
gelidum UAL187 isolated from meat packed under elevated
{30%) carbondioxide. Leuconcstoc paramesentercides OX
isolated by Lewus et al (1991) from retail lamb was found
to produce a bacteriocin named as leuconocin 5 (Lewus et
al., 1982}, Bacteriocins, carnosin 44A, carnocin LAS4A
and Jleucocin B-Talla, produced by Leu. carncsum _LA44a
from vacuum packaged Vienna-type-sausage (van Laack et

al., 1992), Leu. carnosum LAS4A from meat (Keppler et

i



al., 1994) and Leu. carnosum Talla isolated from wacuum
packaged processed meat (Felix et al., 1994),
respectively, have been described in the strains of FLeu.
carnosum. Yang and Ray {19%4a) observed the predominance
of Leu. carnosum ard [Leu. mesentercides in the spoiled
low heat processed vacuum packaged meat products. The
notable feature of many of these Leuconostoc isolates is

their ability to produce bacteriocins.

Bacteriocinogenic strains of Leuccnostoc sop. have
also beeﬁ isolated from milk and milk products. Strains
of Leu. mesenteroides subsp. mesentercides, Y105 from
goa~ milk and FR52 from raw milk were found tc produce
bac:eriodins, mesentericin Y105 (Hechard et al., 1992)and
mesenterocin 52 (Mathieu et al., 1993}, respactively.
Dextranicin J24 was a bacteriocin producéd by an isolate
cf'Leu. mesenteroides subsp. dextranicum J24 from French
sofz cheese (Sudirman et al., 1994). Malik et 2 (1992a
reported the detection and activity of =z novel
bacteriocin, leucocidin R1, produced by Leu.

paramesenteroides NM14 isolated frem an aged cream

samcle.

2.1.4 PEDIOCOCCI

2.1.4.1 Pediococcus pentosaceus

The bacteriocin produced by P. pentosaceus FBB61
from cucumber fermentations was designated as pediocin A
(Dasschel and Klaenhammer, 1985). Hoover et al 11988)
obgarved bacteriocinegenic activity in P. pentosaceus
MCC: 1isolated from pepperoni, a fermented sausage.
Bacteriocin production in P. pentosaceus strain Nbp from

winz has been reported and the bacteriocin was named as

12



pediccin Nbp (Strasser—de—Saad and Manca~-de-Nadra, 1983).

2.1.4.2 pediococcus acidilactici

The most extensively characterized bacteriocins,
pediocin AcH and pediccin PAR-1l, after nisin have been
produced by strains of P. acidilactici. Gonzalez and
Kunka (1987) reported pediocin PA-1 production by P2.
acidilactici PAC1.0. Pediocih AcH produecing 2.
acidilactici H was lsclated by Bhunia et al (1987) from
fermented sausage. Hoover et al (1988) observed the
production of unnamed bacteriocins by three strains of P.
acidilactici P02, EB56 and PC, Coventry et al f1395) have
designated the bacteriocin produced; by P. acidilactici
P02 as pediocin PO2. Schved et al (1993) reported the
isolation of P. acidilactici SJ1 from a naturally
‘fermented meat product and designated its bacteriocin as
pediocin'SJi while pediocin LS50 preoducing P, acidilactici
-Lébn was obtained from Spanish dry fermented sausage

{Cintas et al., 1995).

2.1.4.3 Other Pediococci
Recently Kimura et al (1997) reported the isolation
of bacteridcin producing Pediococcus spp. ISX-1 from

Nukadoko, a bed of fermented rice bran.

2.1.4.4 Pediccocci of Dairy Origin

Reports cdncerning the bactericcinogenicity of
pediococcal isolates from dairy origin are very scarce.
Andric and Sutic (1980} reported that ncne o the 11
strains of Pediococcus spp. Iisclated frem ewe's milk
Kasqgkaval'cheese showed antagonistic activity acainst 18
strains of lactobacilli and 8 of lactic streptocczsci.
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Litopoulou-Tzanetaki et al {1989} also observyed the
inability of Pediococcus spp. obtained from American

Cheddar cheese to elaborate the bacteriocin active

against the indicator organism, P. pentosaceus FBB39,

Daba et al (1981} isclated & bacteriocin producing
Leu. mesenteroides ULS from Cheddar cheeses and designated
it -as mesenterocin 5. This organism was later
re~identified as P. acidilactici ULS and bacteriocin
produced was renamed as pediocin 5 (Huang et al., 1994},
Till date, the bacteriocin, pediocin 5 has been the only
bacteriocin discovered in pedioccal isolates of dairy

origin.

2.2 iNHIBITORY SPECTRUM OF BACTERIOCINS OF LACTIC ACID

BACTERIA

In the original definition of Jacob et a. (1953),
bacteriocins were characterised by predominata
_intraspecies killing activity. While this ;s riye feor
most of the bactericcins of LAB especially those produced
by a large number of lactococci and lactobacilli, others
have been found to exhibit a broad range of irchibitory
activity extending acrcss numerous Gram  positive
‘pacteria. Thus Klaenhammer (1988) defined two types of
bacteriocins of lactic acid bacteria; one type exhibiting
a classical bacteriocin antibacterizl spectrum affecting
only closely related bacteria and the second type
effective against a wide range of Gram positive bacteria.
Inhibition of Gram negative bacteria in their native’
state has not been revorted for any of the purified and
thoroughly characterised bacteriocin. Similarly,
inhibition of yeast and molds has not been observed.
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2.2.1 LACTOBACITLI

2.2.1.1 Lactobacillus helveticus

Bacteriocins, helveticin § and helveticin V-1829
have been reported to exhibit antagonistic activities
directed against closely related FEacteobacillus spp.
{Joerger and Klaenhammer, 1986; Vaughan et al.,, 1992).
The bactericcin from Lb. helveticus CNRZA50 was active
against a narrow range of sfrains from closely related

species of homofermentative lactcbacilli (Thompson et

al., 1996}.

2.2.1.2 Lactobacillus acidophilus

- Lactacin B producedhby Lb. acidophilus N2 was found
te be inhibitory only to lactcbacilli including ILb,
ﬁéjveticus, Lb. delbrueckii subsv. lactis and LIb,
délbrveckii subsp. bulgaricus and Ib.  leichmanii

(Barefoot and Klaenhammer, 15984).

In recent years, bacteriocins with a relatively
broad spectrum of antibacterial activity have been
described in Ib. acidophilus. ten Brink et al (1994}
reported that the inhibitory spectrum of acidocin B
included (Cl1. perfringens along with- closely relatad
lactobacilli. Kanatani et al (1995} reported that
acidocin A from Lb. acidophilus TKSZ01 wés active against
cleosely related lactic acid bacteria and food-borne

pathogens including Listeria monocytogenes.

2.2.1.3 Lactobacillus plantarum

Daeschel et al (1990} reported that plantaricin A

was effective against some species of the four genera of
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lactic acid bacteria: ‘Lactobaciilus, Lactococcus,

Leuconostoc and Pedioceccus, and Enterococcus faecalis.

Plantaricin 8 and plantaricin T produced by Eb.
plantarum LPCO10 were observed to have a similar spectrum
of inhibitory activity except that only plantaricin $ was
active against ILb. curvatus. .The antibacterial activity
of hoth the bactericcins was directed against Lb.
plantarum, Propionibacterium spp., CIl. butyricum and
Enterccoccus faecalis. It was also repérted that
plataricin T exhibited a lower level of activity than
plataricin S again&t all the indicator strains tested
(Jimenez-Diaz et al., 1983). The antibacZzrial spectrum
of plantacin 154 included taxcnomically related lactic
acid bacteria and undesirable bacteria for sausage
fermentation such as E. faecalis and Propionibacterium

spp- (Kapatani and Oshimura, 1383%4).

Rekhif et al ({1954} reported the iInhikition of
several stréins' of mesophilic lactobacilli and B.

stearothermophilus but not of staphylococci, listeriae
and enterccoccei aﬁd lactococci by plantarizin 1074 from

Ib. plantarum LCT4. However, plantaricin XW30 inhibited
other lactobacilli only (Kelly et al., 1888;.

2.2.1.4 Lactcbacillus sake

Sakacin A displayed antagonism against lactobacilli,
leuconostocs, carnohacteria, enterococci and L.
monocytogenes (Schillinger and Lucke, 1989). In contrast
to sakacin A, lactogin § exhibited a very narrow spectrum
of activity inhibiting growth of selected species of the
genera Lactobacillus, Pediococcus and Leuconostoc

(Mortvedt and Nes, 1930).



2.2.1.5 Lactobacillus brevis

Benoit et al (1994) observed the inhibition by
Brevicin 27 of numerous strains of heterofermentative
lactobacilli, some strains of pediococci and Bacillus. A
relatively narrow specrum of activity with a notable
activity against Listeria spp. has been recorded for

Brevicin 286. (Coventry et ai., 1986).

2.2.1.6 Other Lactobacilli

Lactacin F produced by Lb. johnsonii 11088 exhibited
an inhibitory spectrum restricted to other lactobaciliii
as well as E., faecalis {Muriana and Xlaenhammexr, 199%ia}.

2.2.2 TACTOCOCCI |

2.2.2,1 lLactococcus lactis subsp. lactis

Nisin, the most important and widely used
bacveriocin, is normally ineffective against Gram
negative bacteria, vyeast and moulds, but is effective -
-against a wide range of Gram positive bacteria including
other lactic acid bacteria, Staph. aureus and
L.monocytogenes. Gram positive spore formers i.e.
Bacillus spp. and Clostridium spp. are particularly
" sensitive to nisin with spores being more sensitive than
vegetative cells (Ray, 1992a; Delves-Broughton et al.,

189¢) .

Lacticin 481 from L¢. lactis subsp. lactis CNRZ481
was found to be effecrive against Lactococcus spp.. séme
Lactobacillus spp., Leuconostoc spp. and Clostridium spp.
{Piard et al. 1990}. Lactococcin produced by Lc. lactis
subsp. Jlactis ADRIA B85L030 has been found to inhibit
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vegetative «cells of Cl. tyrobutyricum, strains of.
Streptococcus thermophilus and Lb. helveticus but is
rather inactive against other Gram positive -and Gram
negative genera (Thuault et al., 19%1}). Lactococcin 48¢
from Lc. lactis subsp. lactis 484 has been reported to be
effective against members of the Lactococcus group, B.
cereus, Staph., aureus and Salmeonella typhi (Gupta and
Batish, 1992). Lactococein 972 has been reported to be

effective against lactococei only (Martinez et al.,

1886) .

2.2.2.2 Lactococcus lactis subsp., cremeoris

The inhibitory spectrum of diplococcin from Ic.
lactis subsp. cremoris was restricted to lactococci only
(Davey and Pearce, 1980). Lactococcus lactis subsp.
cremoris strainl 9B4 secreti'ng Lactococcins A, B and M
prevented the growth not only of other lactocccci but
also of some clostridia (Geis et al., 1983). Holo et al
f1991} purified lactococcin A and found that it inhibited
the growth ©of only lactococci. Out of over 120 strains
of different lactococci tested only one was insensitive
to Lactococcein A as was the case with all other Gram
positive bacteria included in the‘ experiment.
Bacteriocin J46 had a wide spectrum 6f antibacterial

activity including anticlostridial activity {(Gonzalaz et

al., 1996).

2.2.2.3 Lactacodccus lactis subsp. lactis bigvar.
diacetylactis
Lactococcus lactis subsp. lactis biovar.

diacetylactis WM4 producing lactococcin A was active
against other lactococci (Scherwitz et al., 1983).

Bacteriocin 850 has a narrow antibacterial spectrum being
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active only against Lactococcal species (Kojic et al.,
1991} . The antibacteriel activity of Lc. laf;'t:is subsp.
lactis piovay. diacetylactis DPC3%8 secreting et least
three bactericcins, lactococeins A, B8 and M was also
restricted to lactococel only (Moxgan et al., 1995).

Bli erx al (1995) reported that diacetin B had =
broad spectrum of antibacterial activity inhibicing the
growth of wvarious pathogens including L. monocytogenes,
Staph. aureus and clostridial strains.

Leucocin A-UAL187 preoduced by Leu. gelidum UAL-187
was active ‘against levconostocs, . lactobacilli,
pediccoedi, carnobacteria and -4 strain of E. faecalis and
L. monccytogenes I(Hastings and- Stiles, 1991) .. "Whereas
leuconocin S had ‘a broad spectrum of{‘ é.cf:iigii:y..‘ "It was
inhibitory to L. monocytogenes,' Staph. aureus, Yersinia
entémcolitica, Agromonas hydrophila and some strains of
Cil.  botulinum (Lewus et al., . 1991; Okereke and
Moativille, 1993). '

Inhibition of "growth of wvarious lactic acid
bacteria, L. monocytogenes and E. faecal.is:_by earnczin
44a° {van Laack et al., 1992) and carnocin LA54A (Keppler
et al., 1994) has been reported. A spéctrum_similar to
that of carnocin LAS4A and carnosin without E. faecalis
was also observed for leucocin B-Talla produced by Leu.
carnosum Talia (Felix et al., 1994). Yang and Ray {1954)
reported the inhibition ©f several lactic acid bacteria
from gpoiled meat products and L. monocytogenes by
bacteriocins produced Ly Leu. ‘carnosum and Leu.

mesenteroides isolated from the same niche.
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Mesentericin Y105 from Leu. mesenteroides subsp.
mesenteroides was observed to be gpecific for Liscerié
spp. as all of the 14 strains inhibited neither the Gram
negative nor other Gram positive bacteria including
closgely r%lated lactic acid bacteria species were
inhibited under the test conditions ({(Hechard et al.,

1992} . The antibacterial spectrum of mesenterocin 52
included other strains of Leuconostoc spp., Several
strains of Enterococcus and Listeria spp. None of the

strains of Lactococcus, Lactobacillus and Pedioccoccus
spp. tested were however, sensitive (Mathieu et al.,
1993). Dextranicin J24 exhibited a classical bacteriocin
spectrum inphibiting conly the strains of Leuconostoc spp.
(Sudirman et al., 1994). The broad spectrum of activity
of 1leucocidin R1 from Leu. paramesenteroides HNML4
coﬁprised several food speoilage and food-borne pathogenic
Gram positive as well as several Gram negative bacteria.
However, it was not effective against many of the closely
related lactic acid bacteria of commercial importance
{Malik et al., 1994a).

2.2.4 PEDIOCOCCI

2.2.4.% Pediococct'xa pentosacens

Pediocin A was active against a broad spectrum of
Gram positive bacteria including pediococci, lactococci,
lactobacilli, _ leucconostoces, micrococci, enterococci,
staphylococci, bacilli, clostridia and listeriae (Fleming
et al., 1975; Daeschel and Klaenhammer, 1985; Spelhaug
and Harlander, 1989) . Strasser-de-Saad and
Manca-de-Nadra (1993} reported that the antibacterial
protein from P. pentosaceus NP was effective against 19
straing of the three genera of lactic acid bacteria.
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2.2.4.2 Pediococcus acidilaétici

Pediocin PA-1 inhibited other pediccocci,
lactobacilli, leuconostocs, L. monocytogenss but
strangely not staphylococci (Gonzalez and Kunika, 1987;
Pucci et al., 1988; Henderson et al., 1992,. The
bacteriocin pediocin AcH, produced by P. acidilactici H
exhibited a much more wider antibacterial spectrum. The
inhibitory spectrum inciuded lactobacilli, leuconcstocs,
Staph. aureus, Cl., perfringens and L. monocytogenes. It
was not active against the Gram negative bacteriz -{Bhunia
et al., 1988; Ray, 1992bj. Pediocins {from P.
acidilactici strains PC, P02 and B5627 effectively
inhibited other pediococci, leuconeostocs, E. faecalis and

L. monocytogenes (Hoover et al., 1988).

The antibacterial spectrum of pediocin 5 comprised
gf L. monocytogenes, Str. faecallis, Brevibacterium linens
anq\P. ben%osaceus. Interestingly, it was not effective
against several lactic acid bacteria tested (Dabe ot al.,
1991). ‘The antibacterizl protein from P. acidilzctici PC
was found to be active against members of the genera
LiSteria; flostridﬁum, Leuconostoc and Pediococcus but
not against Lactococcus, Streptococcus and Lactebacillus
strains tested (Jager and Harlander, 1992). Pediocin
'$J-1 from P. acidilactici SJ-1 inhibited the growth of
selected strains of Lactobacillus spp., Cl. perfringens
and L. monocytogenes (Schved et ail., 1993). Recently
Coventry et al (1995) reported the inhibitory spectrum of
pediocin P02 from P. acidilactici PO2. The spectrum
comprised other pediococci, lactobacilli, leuccnostocs,
enterococci, a strain each of B. coagulans and Staph.
aureus, The bacteriocin was notably more active against
Listeria spp. including L. monccytogenes. The inhibitory

spectrum of pediocin 150 included other lactic acid
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bacteria, Clostridium spp., Listeria spp., staphylococcus

spp., E.faecalis and Prqpionibacterium spp. (Cintas et

al., 1995},

2.2.4.3 Other Pediovncci

Recently Kimura et al {(1%97} observed the inhibition
of P. acidilactici, Lc. lactis subsp. lactis, ILb. casel
subsp. casei, Micrococcus Ilutews, B. subtilis by a

bacteriocin from Pediccoccus spp.

2.3 CHARACTERISTICS OF BACTERIOCINS

Bacteriocins of I&B have been characterised with
respect to their (i} sensitivity to various proteolytic
and non-proteclytic enzymés {i1y stability to warious
heat treatments  {(iil) pH stability {(iv} mcde‘df action
and (v} molecular weight etc. In mest of these
characterisation studies, either crude or partially

purified bacteriocin preparations have been used.

The fact that bacteriocins are proteins rende?s!them
sensitive to at least one protéol?tic enzyme. Apart from
protein moiety, some bacteriocins have been found to
contain an active lipid or carbohydrate moiety which is
also required for antibacterial activity as revealed by
loss of bacteriocin activity upon treatment with lipases
or amylases {Lewus ef al., 1992; van Laack et al., 1992;
Jimenez-Diaz et al., 1983; Schved et al., 19%3; Keppler

et al., 1894},

The term bacteriocin has been restricteéd to those
antibacterial proteins that exhibit a bactericidal mode
of action (Tagg et al., 1976)}. Although a vast majority

of bactericcins of LAB exert a bactericidal mode of
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action, but a few have been found to be bacteriostatic

rather than bactericidal to the sensitive cells (Lewus et

al., 1992; Thompson el al., 19986},

Most of the bacteriocins of LAB characterised to
date are small (< 10 KDa)heat stable peptides. Howev=sr,
the occurrence of large (> 30 KDa) heat labilé proteiﬂs
has also been reported (Joerger and Klaenhammer, 1986;
Vaughan et al., 1992). Bacteriocins are extremely heat
stable at low pH (Hurst, 198l; Hastings et al., 1991;
Felix et al., 1994) becoming more sensitive to heat upon
purification (Davey, 1981; Hastings et al., 1991},
Bacteriocins of LAR, Iin general, arz active over a wide

pH range with optimum being on acidic side.

2.3.1 BACTERIOCINS OF LACTOBACILLI

2.3.1.1 HAelveticins

Apart from their sensitivity to wvarious proteolytic
enzvmes, helveticin J and helveticin V-18292 were shown To
be heat sensitive, the latter being more heat labile with
total loss in activity at 60°C after 15 min {Joerget and
Klaenhammer, 1986; Vaughan et al.,, 1992). Although both
af these bacteriocins were bactefi;idél, the un-named
bacteriocin from strain CNRZ450 was found to be
bacteriostatic in its mode of acticn (Thompson et al.,
1996}, Helveticin J and CNRZ450 bacteriocin but not

helveticin V-1829 formed aggregates.

2.3.1.2 Lactacin B

Lactacin B activity was eliminated by treatment with
protease of Streptomyces griesus. It was a heat stable
protain being unaffected by heating at 100°C for 60 min.
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It was Dbactericidal buf not bacteriolytic to the
sensitive cells (Barefoot and Klaenhammer; 195%). The
burified lactacin B was inactivated by proizinase-K
(Barefoot and Klagnhammer, 1984). The molecular weight
of the purified compound was determined to be 8130 Da as

mentioned by Nettles and Barefoot (1993).

2.2.1.3 Acidocins A and B

Wnhile acidecin A retained its full activity after
boiling for 20 min and hence described as a hea: stable
protein (Kanatani et al., 15%95), acidocin B was Zound to
be moderately heat stable as boiling led to 2 partial
loss of activity (ten Brink et al., 1994). The mzlecular
weight of acidocin A was 6500 Da, whereas in 5DS-PAGE
experiments -of butanol extracts of acidocin B, & protein
band corresponding to a molecular weight of 2400 Da
possessed - anticlostridial activity. . Acidocin ‘B was
aqpive within the pH range of 2-10.

'\

2.3.1.4 Plantaricin A

- . Plantaricin A produced by Ib. plantarum 511 was
shown to be susceptible to protease and bactericidal in
mode of action. The bactériocin was heat stable with no
loss in activity at 100°C for 30 min and active from pH

4.0 to 6.5. The molecular weight was reportez to be

greater than 6000 Da {Daeschel et al., 18%0).

2.3.1.5 Plantaricing 8 and T

Jimenez-Diaz et at {1923} reportez the
characterisation of plantaricins S and T secreted by Lb.
plantarvm LPCO10. Plantaricin S was inactivated not only
by proteolytic enzymes but also by lipolycic and
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glycolytic enzymes suggesting that it was a glyvcolipo
protein, However, platnaricin T was distinguished from
plantaricin S by its reéistance te lipolytic and
amylolytic  enzymes. Plantaricin S was further
characterised to be bactericidal, non-bacteriolytic, heat
stable (60 min at 100°C} peptide active in the pH range
of 3-7. The bacteriocin 8 migrated as a single band of
approximately 2500 Da on SDS-PAGE gel while T migrated at
a sliéhtly lower position than S.

2.3.1.6 Plantaricins LC74 and KW30

Plantaricin LC74 from Lb., plantarum 1LC74 was
susceptible to high temperature (95°C) and bacteriostatic
against sensitive cells (Rekhif ez al., 19%4). On the
other hand, plantaricin KW30 was reported to be  heatl
stable and bactericidal (Kelly et al., 1886)}.

2.3.1.7 Sakacin A

~ Sakacin A, produced by Lb. sake ?Oé, was inactivated
‘by trypsin, pepsin, chymotrypsin or proteinasé K.
(Schillinger and Lucke, 1989; Lewus et al., 1991).° It
was-heat stable. It remained active éfter 20 min at
100°¢C. . The bacteriocin demonstrated a bactericidgl mode
of action (Schillinger and Lucke, 1988}. The molecular
weight of the purified preparation was estimated to be’

4308 Da (Holck et al., 1852).

2.3.1.8 Lactocin 8

Trypsin and protease XIV sensitive antibacterial

compound produced by ILb. sake strain 45 was moderately
heat stable. The antagonistic activity was reduced by
50% upon heaf treatment for 1 hr at 100°C (Mortvedt and
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~ Nes, 1991). The molecular mass of the purified lactocin
S was determined to be 13700 (Mortvedt et al., 1991).

2.3.1.9 Brevicin 286 -

The culture supernatant of Eb. brevis VB28e,
brevicin 286 producer, lost .its antibacterial activity

upcn treatment with B-chymotrypsin, pepsin and proteases
I, XIV and XXIII, but was unaffected by 1lysczyme or
lipase. The bacteriocin was found to be stable to
heating at 100°C particularly under acidic conditions.
Brevicin 286 retained 100% activity for at leasr 10 min,
and suffered only minimal loss of activity after 30 min
when heated at' 100°C at pH < 5.0. The loss in activity
increased with both increase in pH and time of heating.
Brevicin retained 50% of its activity after autoclawving

{12:°C, 15 min} at pH 5.0 (Coventry et al., 1996).

'2.3.1 10 lLactacin F

Lactacin F activity was completely eliminated with
ficin, trypsin, proteinase K and s{zbtilin {Muriana and
Klaenhammer, 1987; 1991a). Lactacin F was heat stable,
retaining activity after 20 min at 99°C or after
autoclaving at 121°C for 15 min (Muriana and Klaenhammer,
1987). The purified compound had a molecular weight of
2500 Da as estimated by SDS-PAGE, which did not correlate
with amino acid composition analysis indicating a to*al
of 56 amino ,acids with a molecular - weight of
approximately 6300 Da (Muriana and Kleanhammer, 1991a).
The discrepancy in estimated size was resoclved by cloning
and characterization of LaF gene {laf) which confirmed
the size of 6300 Da {Muriana and Klaenhammer, 19%1ib}.
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2.3.2 BACTERICCINS CF LACTOCCCCI
2.3.2.1 Nisin

Nisin is inactivated by oa-chymotrypsin and ficin.
Iin general pepsin, trypsin and erapsin do not inactivate
nisin, The immunity of nisin to amylases and lipases
suggests that no lipo- or glyco— postions are associated
with +the antibacterial property (Hurst, 1981; Ray,
1992a). The bacteriocin is more stable at acidic pH. BAs
the pH increases above 7.0 the mmlecule- undergo
irreversible changes with loss of activity (Hurst, 1921;
Ray, 1992a). Nisin is more stable to heat at low pH. It
withstands prolonged heating at 115°C to 121°C at pH 2.0.
In the pH range 5 to 7, nisin becomes progressively less
stable to heating-and_significanf lgsses in activity are
to be expected when heated at eslevated temperatureé {Ray,

1992a; Delves-Broughton, 19%6).

Nisin hes a molecular weight of 3510 Da. It for:
dimers and tetramérs of 3500 monomer molecnles and nmay
show a molecular weight of 7000 and 14000 Da {Ray,

1982a}),

2.3.2.2 Diplococgin . D

The purified diplococecin was found to be rather
unstable, whereas partially purified preparation was
stable at 100°C at pH 5.0 for at 1least 1 hr (Davey,

1981). Both preparations were sensitive to trypsin,
pronase and a-chymotrypsin. = Diplococcin had a nolecular
weight of 5300 Da. Tt had a bactericidal and non

bacteriolytic effect against the sensitive cells {(Davey,

1981; Davey and Richardson, 1981).
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2.3.2.3 Lacticin 481

The cell free supernatant of Lc. lIactis subsp.
lactis CNRZ481, the organism producing lacticin 481, lost
its antibacterial activity completely with ficin,
proteinase X and partially with ea-chymotrypsin and

pronase (Piard et al., 1980). It was not inactivated by

tryosin, o-amylase and remnet. Lacticin 481 was heat
stable compound showing no detectable loss of activity at
100°¢ for 1 hr at pH 4.5 or 7.0. It lost 50% of its
inhibitory activity after 20 min at 115°C and at pH 2.0.
The estimated molecular weight of the purified lacticin
481 was 1700 Da by SDS-PAGE, 1300 Da by gel filtration

and 2400-2700 Da by amino acid composition analysis

(Piard et al., 1992).

- 2.,3.2.4 Bacteriocin 350

Bacteriocin 3550, the bacteriocin of Le. lactis
subsp. lactis biovar. diacetylactis S50 was sensitive to
various proteclytic enzymes, but not to ;ysqzyme;
a-amylase, DNase~1 and RNase A. The bacteriocin retained
its activity in the pH range 2 to 11. It was inactivated
irreversibly after 30 min at pH 12.0. Bacteriocin S50
was heat stable, possessing its antibacé%ial activity
after heating for upte 60 min at 100°C.  The bacgteriocin
was bactericidal to the sensitive cells (Kojic et al.,

1891 .

2.3.2.5 Lactococein G

Nissen-Meyer et al (1992) observed that the activity

of lacteococcin G depends on the complementary action of

two peptides termed « and B. The molecular weights as
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determined by amino acid sequencing and mass spectrometry
were 4346 and 4376 for a-peptide and 4110 and 4109 for
B-peptide, respectively. The isoelectric points of o-
and f-peptides were calculated te be 10.2 and 106.¢,

respectively (Nissen-Meyer et al., 1992).

2.3.2.6 Diacetin B

This bacteriocin was inactivated by selected
proteases, retained antibacterial activity after heat
treatments of 100°C for 60 min and 121°C for 20 min and
in the pH range of 2-i1 {Ali et al., 19985). The pure
peptide had a molecular weight of 4232.32 or 44935.28 Da.

L4

2.3,2.7 Lactocccein 972

Lactococcin 972 was reported to be heat sansitive,
active in the pH range of 4.0 to 9.0, less suscentible to
"proteinases. The purified lactococcin 972 had a

molecular weight of 7500 Da (Martinez et al., 19%3).

2.3.2.8 Bacteriocin J46

Bacteriocin J46 was sensitive ' tc  proteolytic
eniymes, thermostable, nore stable near neutral pH values
than nisin and bactericidal to the sensitive cells

{(Gonzalez et al., 1996€).

2.3.2.8 Lactococeing A, B and M

Lactococcus lacris subsp. lactis biovar.
digcetylactis WM4, a producer of lactococting, was

reported to loose its inhibitory activity upon treatment

with pronase, trypsin or a-chymotrypsin but retained the
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activity upon heating at 80°C for 10 tc 60 min (Scherwitz
et al., 1983). On the other hand, Geis et al (1983)
observéd the sensitivity of antibacterial activity
demonstrated by Lc. lactis subsp. cremoris 9B4, a strain
producing all the three lactococcins to trypsin but not
to heat {100°C for 30 min) at pH 4.5, 7.0 and 9.4. 2
bactericidal, non-bacteriolytic activity was observed for
purified lactococcin A (van Belkum et al., 1991b] and
lactococcin B (Venema et al., 1993). However, the
bactericidal and bacteriolytic activity exhibited by rLec.
lactis subsp, Jactis DPC388 on sensitive cultures has
been attributed to the concerted action of all the three
lactococcins A, B and M {(Morgan et al., 1995). A
decrease in stability with increasing purity of
lactococein A was observed. The purified lactococcin A
had a molecular weight of 5783 + 4 as revealed by mass
spectrometry and 5778 as calculated from the sequencing

data (Holo et al., 1993}.

2.3.3 BACTRIQCINS OF LEUCONOSTOCS

2.3.3.1 Leucccin A-UAL187

Leucocin A-UAL187 produced by TLeu. gelidum UALLS87
completely lost its bacteriocinogenid activity upon
treatment with protease I, IV, VITI, X, XIII or XIV,
trypsin, a-or B—chymotrypsin, pepsin or papain (Hastings
et al., 1991). However, lysozyme, lipase and
phospheolipase did not affect the ac&ivity. Crude
leucocin from ammonium sulfate precipitate was found to
be stable at pH 2.0 and 3.0 even after samples were
boiled for 20 mih. Loss of .activity was however,
detected at pH 5.0 and above being most severe at & pH
above 8.0. The purified preparation was less stable.
There was rapid loss of activity of the pure sample at
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all pH levels and temperatures tested. The average
molecular weilght o©f leucocin A~UALLIS7 was found to be

3830.3 + 0.4 (Hastings et ail., 19%81).

2.3.3.2 Leuconoc:in 8

ra

~The sensitivity of leuconocin § to various

proteolytic enzymes and a-amylase indicated that it was a
glycoprotein which required both glyco protion and the
protein portion of the molecule for acitivity.
Leuconocin § was stable against heating at 60°C for 30
min. Thers was & loss of 50% of the activity after 60
min at 60°C. The bacteriocin was bacteriostatic to the
indicator Lb. sake ATCC15521 and dissipsaved the proton

motive force {Lewus ef al., 198%2).

2.3.3.3 Carnosin 44A

This bacteriocin from ILeu. carnosum L844A sxhibited
sensitivity to trypsin and chymotrypsin bur not o pepsin
and other non-proteclytic enzymes. The culture
supernatant lost its activity upon treatment with amylase
from Fluka but not with amylase from Sigmz making unsure
whether the observed sensitivity to amylase Ffrom Fluka
represented actual sensitivity or possible contamination

of amylase by proteases. The bacteriocin retained 1iis
activity after 20 min at 100°C but compleiely inactivated
after 15 min at 121°C. It was stable at pi3 values

ranging from 2 to 9. The partially purified carnosin 44A
had a molecular mass betwesen 2510 and 6000 Da {van Laack

et al., 1989%92).

2.3.2.4 Carnocin LAS4A

The bacteriocin completely lost its activity upon
tregtment with o-~-chymotrypsin, pronase~E and profeinase
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and only partially with trypsin. The bacteriocin was

also found to be sensitive to a-amylase indicating that
carbohfdrate moiety of the molecule is also impcrtant fer
activity. Carnocin LA54A was active and stabile over a
wide-pH range with an optimum between pH 3 anc 5. The
activity decreased to 50% between pH 6-7 and to 10% at pH
9. No activity was however, detected at higher pH
values. It was stable after heat treatment at i00°C for

15 min. The purified bactericcin showed a molecular

weight of about 4000 Da (Keppler et al., 1994}.

2.3.3.5 Leucocin B-Talla

The bacteriocin was susceptible to pronass, a-and
B¥chymotrypsin, papain, protelnase-X and trypsin but not
to lysozyme. Crude bacteriocin extracts were stable at
100°C for.upto 30 min in the pH range 2-9. However, the
?acteriodin was stable o yeating at 121°C for -5 min in
the pH range 2-4 only. The bacteriocin exhibited a
,baerriolytic mode of action against the indicsator Leu.

mesenteroides TA10C {Feiix et al., 1994).

2.3.3.6 Mesentericin Y105

Mesentericin Y105  was sensitive to  pronase,
proteinase-K, 'trypsin, chymotrypsin and pepsin, The
baéteriocin remained active after 120 min at 6C°C. The
bacteriocinogenic peptide was more stable to heat at a
low pH of 4.5 than at 6.8, The apparent relative
molecular maSs, as indicated by activity detection after

SDS—-PAGE was 2.5-3.0 KDa (Hechard et ai., 1992),

2.3.3.7 Mesenterocin 52

The  bacteriocin was inactivated Dby trypsin,
a-chymetrypsin, pronase-E, proteinase-K and pepsin
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(Mathieu er al., 1983}, Sudirman et al {1994) obsarved
conplete inactivation of mesenterocin 52 by phospholipasé
A2 and partial inactivation by phospholipase D, The
pacteriocin was relatively heat stable. It retained 808,
50% and 20% of its original activity after heating at
100°C for 15 min and 60 min and 121°C for 15 min,
respectively. Mesenterocin 52 was more stable to heat at

acidic pH than at neutral pH (Mathieu et al., 1993),

2.3.3.8 Dextranicin J24

It was inactivated completely by 'proteases,
partially by lipase. Alpha-amylase displayed. no action
on dextranicin J24. It retained 7% of its original
activity after autoclaving for 20 min aft 121°C {sudirman

et al., 1984).

2.32.3.9 lLeucocidin Rl

Leucocidin R1l, a novel bacteriocin identified by
Malik et al (18%4a}, was completely inactivated by
protease I and protease XXII and partially by trypsin and
chymotrypsin. It was heat stable. It retained its
activity after 30 min at 60°C and S min at 70° or 90°C.

Yang and Ray (1994a) characterised bacteriocins
produced by several strains of Leu. mesenteroides and
Leu. carnosum. Bacterioccins from all strains exhibited
similar properties. They were sensitive to various
proteolvtic enzymes but not to lipase and ribonuclease. A.
They retained activity after 30 min at 65°C and 10 min at
100°C but lost it at pH 10.0. Bacteriocins preduced by
two Leu. carnosum strains and one Leu. mesenteroides
strain wexe partially purified. The analysis of the

partially 'purified bactericcins by SDS-PAGE for



inhibitory activity showed a molecular weight of less
than 2500 Da for all the three bacteriocins {yang and

Ray, 1%%4a).

2.3.4 RACTERIOCINS OF PEDIQCOCCI

2.3.4.1 Pediocin PA-1

One of the extensively studied bacteriocins of
Pediococcus spp. . pediocin PA-1 was completely
inactivated by protease, papain, pepsin and
o-chymotrypsin. The activity was not adversely affected
by other enzymes such as lipase, phospholipase C,
lysozyme, RNase or DNase and by heating at 80°C for 60
min or at 1005c for 3 min or 10 min. However, exposure
fto 121°C for 15 min did partially inactivate (68% loss)
the bacteriocin. The activity was most stable at pd 4 to
7, partially lost at pH 2, 3, @ and 10 and mosily at pH
11.0 {Gonzalez and Kunka, 1987} . The vourified
bacteriocin had a molecular weight and isoelectric pE of
4629 Da and 10.0 {Henderson et al., 1992} and 4600 Pa and

8.6 (Lozano et al., 1992), respectivealy.

2.3.4.2 Pedioecin AcH

Pediocin AcH from P. acidilactici H was sensitive to
trypsin, papain, chymotrypsin, ficin, proteinase-K,
protease IV, XIV and XXIV but not to lysozyme, lipase,
RNase A and DNase (Bhunia et al., 198§). Pediocin AcH
activity was not lost after 15 min at 93°C but lost about
30-40% of original activity after heating at 121°C for 15
min, The bactericcin was found to be stable at pH levels
between 2.5 and 92.0. Tt lost activity at pH 10.0 and
above after 24 hr at 25°C. It showed bactericidal, non

bacteriolytic, mode of action on sensitive indicetor, ILb.
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plantarum WSO-39. The molecular weight of pediocin AcH as
determined by SDS-PAGE was 2700 Da. Howevef,' the
molecular weight was 4628 Da as determined by the amino
acid compositioéfﬁbquence and the estimated isoelectric
pH was 9.6 (Bhunia et al., 1988; Motlagh et al., 1892;

Ray: 1992}3} .
2.3.4.3 Pediowin &

Pediocin 5 1lost 1its activity following pronase
trestment. It was relatively heat stable being affected
very little after heating for 30 min at 100°C.
Bacteriocin activity in SDS-PAGE gels was detecizd at an
area corresponding %o 4500 Da. The molecular weight of
the pediocin 5 as determined by mass spectrometry was

4624 Da {Daba et al., 1991, 1994).

2.3.4.4 Pediocin POZ

Besides loss of bactericidal activity by several
proteases lysozyme also reduced the activity by 30%. It
was stable within the pH rénge 2.5-12.0. Lixe othér
pedicoccal bacteriocins, this bacteriocin was &lso heat
stable as it retained 100% activity.after 0 min at §¢°C
and 50% activity after 15 min at 121°C. The molecular
weight ‘of pediocin P02 was approximately 3200 Da

{Coventry et al., 1995).

2.3.4.5 Pediogin. L50

Cintas et al (1995) reported that pediocin L350 was
sensitive to several proteolytic enzymes such as trypsin,
papain, pepsin, protease II, VI and XIV, Jowever,
treatment with lipolytic or amylolytic agents had no
gffect on bacteriocinogenic activity. The Iacteriocin
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was stable at pH levels between 2 and 11 for 24 hr at
25°C. Moderately heat stable showing detectable activity
after 40 min of exposure to 100°C.  Pediocin L50 was
bactericidal to P. acidilactici 347 and L. monocytogenes.
The molecular weight of pediocin L5350 as determined by
SDS-PAGE was about 3600 and 5250 as estimated by

electrospray mass spectrometry.

2.3.4.6 Pediocin 8J-1

In addition to proteclytic enzymes such as trypsin,
chymotrypsin or protease, pediocin SJ-1 was also found to
be sensitive to a-amylase suggesting that a g'lycomoiety
is also involved in the inhibitory activity of the
molecule. Pediocin 8J-1 was stable 6ver a wide pH rancge
{3~2), apparently being more stable at lower pH' val¥ues.
Bactericcin was more stable to heat at low pH than at
néu::ral PH. It retained 100% activity at pd 3.6 after
heating at 100°C for 30 min while 87.5% of the activity
was 1lost when the same treatment was given at pH 7.0.
Pediocin .SJ-1 had a molecular welght of approximately

4000 Da (Schved et al., 1583}.
2.3.4.7 Pediocin A

Sensitivity to pronase, stability to heating at
100°C for 60 min, and a bactericidal mode of action were
some of the cﬁharacteristics observed by Reuchert ({1979)
in case o¢of pediocin A, Further attempts to isclate and
purify pediocin have been uniformly unsuccesstful probably
because routine laboratory manipulations are

destabilizing or denaturing it in some manner (Daeschel,

1982).
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2.3.4.8 ISK-1 Bacteriocin

The ISK-1 baqteriocin produced by Pedioccocus s
was inactivated by acid protease, a—chymotr&psiﬁ, pepsin,
ficin and papain. Whereas 1t was not affected by
lysozyme, lipase, ribonuclease-A and o-amylase. The
bacteriocin was stable at acidic pH and ﬁore than 60% of
. the antimicrobial activity was still retained even after
autoclaving at 121°C for 20 min in the pH range of 3-8

{Kimura, 1897).

2.4 PRODUCTION OF BACTERIOCINS

One cif the most important steps in the study of
bacteriocins is their production. The composition of
cuRture medium and cultural conditions such as
témperature, ‘pH and time of incubaticn have pfofound
_effept on the preduction of bacteriocins. In genersl,
sonditions that provide high c¢ell density favpour high

bacteriocin concentration.

The culture media generally employed for tihz growth
of Lactic acid backeria such as MRS, APT, TGE, ¥17G, ELB
et¢. have also been found to support good bacteriocin
production. Although bacteriocin production occurs over
a wide temperature range, it is greater at the optimum

temperature for the growth of the producer.

The production of bacteriocins Dby lactic acid
bacteria is strongly influenced by the pH of the culture‘-
medium. The regulation of pH at a certain valte during
the course of fermentation has been found to have
faveourable (Hurst, 1981; Piaxd et al., 1890) and

detrimental (Biswas et al., 19%1; Coventry et al., 19%¢G)
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effects on the final yield:of bacteriocins of lactic acid

bacteria.

The maximum preoduction of bacteriocinsg occurs at
different phases 1n the cell growth cycle. Most of the
bacteriocins of lactic acid bacteria are secreted during
the logarithmic growth phase with a slight decline'in the
activity of some of them during the stationary phase of
the producer culture. However, some bacteriocins for
e.g., nisin (Hurst, 1981), pediocin S8J-~1 (schved et al.,
1993} are secreted as secondary metabolites. The
termination of the incubation at appropriate time is

essential to prevent the loss of bacteriocin activity.
2.4.1 GROWTH MEDIUM

Commonly used nmedia for the production of
bacteriocins by lactic¢ acid bacteria ‘include MRS ({(ten
Brink et al., 1994; Coventry et al.;_1996y,}TGE {Biswas
et al., 1991; Yang and Ray, 1994b}, APT (Lewus et al.,
1992}, GM17 (Parente and Hill; 1992), ELB (Geis et al.,
1¢83; Piard et al., 1990} etc. with or without
modifications. Although a large. number cf baczeriocins
have been found to be 'identified and several media have
been used for the production of bacterioéins, very few
studies are available on thelcompariscn of bacteriocin

proeduction in different media.

Geis et al (1983} compared various media including
ELB, GM17,.BHYI, a synthetic medivm and milk for their
ability to support bacteriocin production by various
lactococceal strains. All the strains produced artibiotic
activities in milk. Highest bacteriocin activities were
found in unbuffered ELB fcllowed by BHI, buffered M17 and
synthetic medium (Geis et al., 1983) .
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Lactococcus lactis subsp. lactis CNRZ481 produced
naximum bacteriocin (12800 AU/ml} in ELB buffared with

sodium B-glycerophosphate. The observed titre was double
than the value recorded when the culture was grown in M17

or unbuffered ELB {Piard et al., 1930).

Parenté and Hill (1992) formulated three media
(Tryptone-Yeast Extract-Tween) TYT10, TYT1l and TYT30 and
compﬁred with seven different media ([ELB, M17, M17
dialysate, tryptose phdsphate {TP), tryptone yeast
extract broth (TYB), yeaSt glucose lemco (YGL) broth and
MRS} for the growth of and bacteriocin producticn'by Lc.
lactis subsp. lactis DPC3286  and Lc. lactis subsp.
cremoris IMG2130. Good growth and bactericcin production
were obtained for both in the TYT, MI7 and MRS media.
Bacteriocin production was very poor in YGL. It was also
observed that Lc, lactis subsp. cremoris LMGZ130 could
not grow or produce bactericcins in M17 dizlysate and TP
media (Parente and Hill, 1292). Although the cell mass
was greater in MRS brotk, 158 less pediccin  AcH
production by P. acidilactic H was observed in MRS broth
than it did in TGE ({(Biswas et al., 1991). It was
reported that P. acidilactici LB42-923 produced higher
pediocin AcH titres in TGE broth than in buffered TGE

broth (Yang and Ray, 1994b).

In contrast to pediocin AcH, higher levels of nisin,
sakacin A and 1eué§ocin Lml were observed in TGE buffer
broth than in TGE (Yang and Ray, 1924b). Earlier Hechard
et al (1992) observed consistently higher levels of (x16)

mesentericin Y1095 in MRS bkbroth than in a semi-defined

medium,



2.4.2 pH

2.4.2.1 Lactecbzacilli Bacteriocins

Barefoot and Xlaenhammer [1984) reported maximum
lactacin B production when ILb. acidophilus N2 was growm
in MRS broth regulated at pE ¢.0. In contrast, lactacin
F was procduced maximally in MRS broth held at a constant
pH of 7.0 rather than 7.5, 6.0 or 5.0 (Muriana and
Klaenhammer, 1987). Production of helveticin J and
helveticin V~182% was observed to be greatest in
anaerobic MRS  cultures maintained at a pH 5.5 than at
other pH values tested in the range of 5.0 to 7.0
(Joerger and Klaenhammer, 1986; Vaughan et al., 1892).
Vaughan et al- (1992) also reported a two fold increase in
- helveticin V-1829 when MRS broth was held at a pH 5.0

than in pH unrequlated cultures.

‘ten Brink et al (1994) observed that growth of Lbk.
~acidophilus M46 in five fold concentrated MRS broth held

at a constant pH 5.5 resulted in eight fold increase in
acidocin B activity than that obtained after growth in
nermal MRS broth without pH control. Requlaticn of MEKS
broth at pH 5.0 resulted in maximum yield of acidocin A

produced by ILb. acidaophilus TK9201 (Ranatani et al.,
1995) . "

Maximum production of plantaricin S was obtained in
a fermentor system in. unregulated pH in MRS Dbroth
containing 4% NaCl. It was also reported that regulation
of pH at 4.0-7.0 during fermentation had a detrimental

effect on the production of plantaricin S by Lk,
plantarum LPC010 (Jimenez~Diaz et al., 1993}.

Coventry et al (1996) studied the effect of pH on
the production of brevicin 286 by Lb. brevis VB2586. No
‘ 40 |



substantial c¢ell growth or brevicin 286 activity was
detected in MRS broth with an, initial pH 4.5. 1In spite
of substantial cell growth, brevicin 286 production was
minimal at pH 5.0. Optimum production of brevicin 286
was observed in MRS broth at an initial pH of 6.0-5.5.
It was also observed that regulation of pE at either 6.0
or 6.5 had no advantage over stirred culture without pH

contrel with respect to brevicin 286 (Coventry et

al.,1996}.

2.4.2.2 Lactococcal Bacteriocins

Nisin production was greatest when the ©H of the
medium was maintained at about 6.0 alongwith a largé cell
mass (Hurst, 1981). Piard et al (1990) observed maximum
lacticin 481 production when the producer strain Le.
lactis subsp. lactis CNRZ481 was grown in buffered ELB
held at a constant pH of 5.5, Regulation of pH at 6.0 or.
6.5 or growing the producer in pH non-reculated medium
resulted in decrezsed bacteriocin yields (Piard et al.,
1920} . Bacteriocin production by Le. lactis subsp.
lactis ADRI 85L030 was reported to be independent of the
initial pH of the medium in the range 5.0 to 7.0 (Thuault

et al., 1991).

2.4.2.3 Leuccnostocs Bactericcins

Leuconostoc  gelidum  UAL187  produced 'ieucoqiﬁ
A-UAL187 maximally in APT broth at pH 6.0 and 6.5. t a
lower initial pH, growth of the producer organism was
slower and concentration maxima was lower (Hastingé and
Stiles, 1991). TLewus et al (1992) studied the effect of
initial pH of APT broth on the Qrowth of and bacteriocin™

production by Leu. paramesenterolides OX. Leuconocin $§
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was produced in detectable amounts at pRB 6.0 and appeared
-to be optimal ({400 AU/ml} at pH 6.5 and 7.0. They
observed slight depression in growth and leuconocin S
production at pH 7.5. Recently Baker et 21 (1996)
reported that the production of leuconocin § was maximum

{2000 AU/ml} in fermentors maintained at pH 7.0 than at

6.0, 6.5 and 7.5.

van Laack et al (1992} observed a 50% decrease in
the production of carnosin 44A when the initial pH of MRS
broth was lowered from 6.0 to 5.1. Although Leu.carnosum
Talla produced leuceccin B-~Talla in MRS broth with an
initial pH in the vrange 4.5-7.5, the acteriocin
concentration was found to be optimal at pH 6.0~6.5

[Felix et al., 15%4).

2.4.4.4 Pediococgal Bacteriocins

Pediococens acidilactieci H produced maximur pediocin
AcH when grown in TGE broth with an initial pE of 6.5.
Pediocin AcH was produced in negligible amounts when the
pH of TGE broth was maintained at a PH 5.0 or aopove. It
was concluded that a terminal pH below 4.0 alongwith a
large cell mass was essential for the prodi;ction of
pediocin AcH {Biswas et al., 1991). High titres of
pediocin N5P was observed when P. pentosacéus NIP was
grown 1in TGE broth with an initial pH of 6.5
(Strasser-de~saad and Manca-de-Nadra, 1993). It was also
reported that pediocin NSP could net be detected in TGE
broth at an initial pH below 5.0. Liao et &1 {1893)

reported optimum production ¢f pediocin POZ in whey
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permeate medium with an initial pH of 6.5 without pH

regulation during incubation.
2.4.3 TEMPERATURE

2.4.3.1 Lactococeal Bacteriocins

- Nisin production was maximum when the culture was
incubated Dbetween 25 and 30°C as copposed to 37°C.
Incubation of nisin producer at 37°C resulted in 386
AU/ml of nisin as compared to 542 AU/ml at 26°C (Hurst,
1981) . Thuault et al ({1991) reported that the
bacteriocin production by IL¢. lactis subsp. lactis ADRI
85L030 was not significantly dependsnt on the incubation
temperature in the range of 30 to 42°C.

2.4.3.2 Leuccnostecs Bacteriocins

Leuconostoc carnosum Talla produced baczeriocin,
leucocin B Talla. over a wide range of temperavure i.e.
¢°C to 30°C, but the optimal production was observed at
25°C (Felix et al., 1994). van Laack et al (1992)
reported that Leu. carnosum LA44A could grow and produce
bacteriocins in the temperature 4-10°C. Although
bacteriocin production by various Leuconostoc spp. WwWas
observed both at 4°C and 25°C, the bacteriocin titres, in
general, were 2-3 times higher at 25°C than at 4°C. (Yang
and Ray, 198%4a). Leucocin A-UALIS87 production by Leu.
gelidum UAL187 was observed over a  wide range of
incubation temperatures {1-25°C) with more time taken at

low temperatures {Hastings and Stiles, 1991).

2.4.3.3 Pediococcal Bacteriocins

Pediococcus, acidilactici H produced same amounts of
ﬁedibcin”ﬁcﬁ after 16 hr of growth in TGE broth both at
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30° and 37°C. The cell mass and bacteriocin production
were slightly reduced at 40°C {Biswas et al., 19%91i}.
Schved et al (1993} observed the production. of pediocin
SJ-1 at 209, 30°, 40° and 45°C with optimal production in
~the range of 35~40°C. It was reported that the amcunt of
pediocin L50 formed at 16°C was comparable to that formed
at 32°C, while considerably less amount was produced at
gec. The organism failed to produce detectablsa amounts

of bacteriocin at 45°C {Cintas et al., 1895).
2.4.4 GROWTH PHASE

2.4.4.1 Lactobacilli Bactericcins

Joerger and Klaenhammer (1986} observed accumulation
of helveticin J between late log phase and stationary
phase of growth of Lb. helveticus 481. Helveticin V-1829
was- produced from the middle log phase Into the
stationary phase of growth of Lb. helveticus V-1829

(Vaughan et al., 1882;.

~Barefoot -and Klaenhammer {1984} observed the
preduction of lactacin B during the logarithmic phdse of.
growth of ib. acidophilus N2. Lactobacillus ac-dophilus
M4é produced acidocin B continuwously during the
logarithmic growth phase. The level of Ainhibition
reached maximum at the beginning of the stationary phase

and maintained constant for at least 24 hr (ten Brink et

al., 1984).

Lactobacillus plantarum C-11 was found to accumulate
maximum amount of plantaricin A during the mid Zog phase
of growth with a decrease in activity trereafter
{(Daeschel et al., 19%0). Maximum production of

plantaricin 5 was obtained in log phase cultures of Lb.
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plantarum LPCOLO. It was also observed that ILb.
'pdantarum-LPCOlG'secreted ancther bacteriocin designated
plantaricin T in the late-stationary phase {Jimenez-Diaz
et al., 1993). Rekhif et al (1994} reported plantaricin
LC74 preduction in the exponential phase of growth” of Lb.
plantarum. However, the bacteriocin, plantaricin Kw30,
was maximally produced at the beginning of stationary

phase cultures of Ib. plantarum KWI0 (Kelly et al.,
1996} .

Tt was reported that the concentration of brevicin
286 was highest at the late exponential growth phase

(Coventry et al., 1996).

2.4.4.2 lactococcal Bactericeoins

. Davey and Pearce (1380) observed diplococcin
pipduction by Lec. lactis subsp. cremoris 346 throughout
,thé exponential growth phase. Nisin is synthesized as &
secoﬁdary metabolite at a high rate when the cells have
reached mid-exponential phase, and continues to be
synthesized during.a greater part of the stationary ﬁhase
when the cells are grown at a constant pH of 6.8 at 30°9C
for 20-24 hr {Ray, 19%2a}.

Bacteriocin 850 by L¢. lactis subsp. lactis biovar.
diacetylactis 850 was produced continuously during the
growth, but the highest production was observed after 8§
hr of incubation (Kojic et al., 1991}; Lacticin 481
production occurred in late-log phase of growtih of Lc.

laetis subsp. lactis 481 (Piard et al., 1990).

2.4.4 .3 Leuconostocs Bacteriocins

Mathieu et al {(1993) reported that the bilosynthesis

of mesenterocin %2 and its secretion into thae medium
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started early in the growth phase, continued over the
whole of that phase before reaching a maximum at the end.
A decrease uptoc one to two orders of magnitude in the
activity of carnocin LAS4A was recorded during the
stationary phase (Kepoler et al., 1894). Yang and Ray
{1994a} observed the termination cf  bacteriocins
production by various Leuconostoc spp. in the stationary
phase of their growth. Leucocin B-Talla production
occurred during the exponential phase of growth of the
producer Leu. carnosum Talla (Felix et al., 1994j}.
Production of leucocin A-UAL187 occurred early in the
growth cycle of the producer organism, rather than as a

secondary metabolite of growkth {(Hastings and Stiles,

1991).,

2.4.4.4 Pedioccocual BRacteriocins

Biswas et al (19921) reported that about 60% of the
pediocin AcH was produced by 8 hr and . the rest 40% was
produced during the next 8 hr ({statiomary phase). The
authors suggested that pediocin AcH appeared to be a
secondary metabolite. Later studies have shown that post
translational Dprocessing of prepédiocin' to active
pediocin AcH occurred efficiently at a pH below 5.0

{Johnson et al., 19892). After 24 hr of growth, the
pediocin AcH was slightly reduced at all the temperatures
studied (Biswas et al., 1991)." Production of pediocin

during the logarithmic and early stationary phases of
growth suggested that pediocih 5J-1 was a secondary
metabolite and after reaching maximum le{rels, in contrast
to many bacteriocins, the antibacterial activity of
pediocin SJ~1 remained stable in broth cultures over a
pericd of upto 48 hr (Schved et al., 1993), Pediococcus
acidilactici L300 produced highest bacteriocin f{rom the
onset of stationary phase and it remzined stable at 8°C
and . 16°C while at 32°C, a decrease in antibacterial
46



activity was seen throughout the stationary phase (Cintas
et al., 1995}. Daba et a2l {1991) cobserved the secretion
of pediccin 5 from P. acidilactici UL> during the late
exponential phase of growth and the acziivity dropped
sharply (»90% in 24 hr} during the early stationary
phase. However, experiments with pH contrelied at 5.0

did not show this large decrease in activity during the

stationary phase.

2.5 PURIFICATION QF BACTERIQCINS

An extensivé c¢haracterisation with respect fo
physical and chenical preperties of bacterizeins is
necessary Dbefore considering them for =zpplication in
foods. The availability of bacteriocins in a pure form

is essential for characterisation studies.

Purification of bacteriocins is a difficult task.for
several reasons. Firstly, prefein concentraticn in the
supernatant is ¥very high while bacteriocin concentration
ig low, meaning a very low specific activity. Secondly,
bacteriocins form a hetefogenaous group ¢f sunstances,
and the specific purification protocol has toc be
developed by trial and error for each bacteriozin., An
additional problem encountered with the purification of
bécteriocins of lactic acid bacteria is the use of media
containing tween 80, a surfactant which has been shown te
interfere with the precipitation procedures (Muriana and

Klaenhammer, 1981a; van Laack et'al., 1992).

puring the trecent = years, the above mentioned
problems have been overcome and several bacteriocins of
lactic acid bacteria have been purified te homogeneity by
growing the producers in semi-defined media by minimising
the level of contaminating proteins and peptides (Joerger

and Klaenhammer, 1986; Hastings et al., 1991; Hechard et
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al., 1892}. Also MRS broth has been generally modified

by omission of tween 80 {(van Laack et al., 1992; Mortvedt

et al., 1951}.

2.5.1 LACTOBACILLI BACTERIOCINS

Barefoot and Klsenhammer (1984) purified lactacin B
by ion-exchange chromatography, ultrafiltration and gel

filtration chromatography. Later, as wmentioned by
Nettles and Barefoot (1993) a simpler purification
protocol was devised for lactacin B. The protocol

involved lyophilisation of culture supernatants followed
by ultrafiltration and preparative electrofocussing.
Muriana and Klaenhammer (1991a) achieved a 474-~-fold
increase in sﬁecific activity of lactacin F by ammonium

sulfate precipitation, gel filtration and HPLL.

Lactocin S5 produced by ILb. sake L45 was purified tc
a“4000-fold increase in specific activity with a recovery
‘of ‘just 3.0% by ammonium sulfate precipitation, and
sequential anion and cation  exchange, hydrophobkic
interaction, gel filtration, phenyl superose  and
reverse-phase chrématographies {Mortvedt et ail, 1981} .
Holck et al (1992) purified sakacin A to a 2000-fold
increase in specific activity and a very'good recovery of
abéut 80% was achieved by ammonium sulfate precipitation,
ion exchange, hydrophobic interaction and reverse-phase

chromatography.

Plantaricin S from Lb. plantarum LPCO10 was purified
to homogeneity by ammonium sulfate precipitation, binding
to SP-sepharose fast flow, phenyl sepharose CL-4B and
C2/C-18 reverse-phase chromatographies. The purification
protocoel resulted in a {final vyield of 91.6% and
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352,617-fold increase 1in specific activity {Jimenez-Diaz

et al., 1995).

A purificatien protbcol comprising ammonium sulfate
precipitation and sequential cation  exchange and
reverse~phase chromatographies has been used for the
purification o¢f acidocin A with a recovery of about 10%
{Kanatani et al., 1995). The protocol resulted in a more

than 3000-fold increase in the specific activity of

acidocin A.
2.5.2 LACTOCOCCAL BACTERIOCINS

Diplococcin was purified from the supernatant of ILc.
lactis subsp. remoris 346. The procedure employed
included ammonium sulfate precipitation (60% saturation)
and cation exchenge chromatography on carboxy methyl
cellulose {CMC) resulting appréximately 1000-fold
purification (Davey and Richardson, 1981}). Dufd&r.ét al
{1991) purified lactococcin from culture supernatant of
Lc. lactis subsp. lactls, as a single band by dialysis,
cation exchange and gel filtration chromatographles. The
procedure employed resulted in a 14.5-fold purification

with about 3000-fcid increase in specific activity.

Ammonium sulfate precipitation of culture
supernatant obtained from Lec. Jldactis subsp. lactis
CNRZ481 resulted in a 485-fold increase in the total
lacticin 481 activity. Subsequent purification by gel
filtration chromstography and ClB8 reverse-phase high
performance 1liquid chromategraphy {(HPLC) lead to a
107,506-fold increase in the specific activity of
lacticin 481 (Piard et al., 1992). Holo et al (1991}
purified lactococcin A with about 2300-fold purification
and a vield of 16% by a segquential protocol including
anmonium sulfate precipitation, cation exchange
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chromatography and reverse-phase HPLC. Lactococcin G was
similarly purified to homogeneity by a four step protocol
which included ammonium sulfate precipitation, binding to
a cation exchanger and octyl-sephareose CL-4B and
reversed-phase chromatography leading to a recovery of
about 20% of the original activity and a 7000-fald
increase in specific activity (Nissen-Meyer et &l.,1992).
The baéteriocin diacetin B produced by Lc. lactis subsp.
lactis biovar., diacetylactis UL720 was purified by a pH
dependent adsorption-desorption procedure followed by a
reverse-phase HPLC with a yield of just 1.25% of =:he
original activity {Ali et al., 1995j.

2.5.3 LEUCOROSTCOCS BACTERIOCINS

Leucocin A-UAL1B7? from Leu. gelidum UAL-187 was
purified by ammonium sulfate precipitation follcwed by a
" sequential hydrophobic interaction, gel filtrazion and
reverse-phase HPLC with a yield of 58% of the original
activity and a purification feld of 4500 {(Hastings ot
al., 1981). Hechard et al (1992} employed a ithree s:zp
protocol for the purification of mesentericin Y195, The
protocol included ‘affinity chromazography on a bliue
agarose c¢olumn, ul_trafiltration through a 5-KDa cut ¢ff
membrane and finally reverse-phase HPLC on a C<& colurn.
The purification procedure resulted in a very low yield
of 0.7% with a pﬁrification fold of about 420. “he
purification procedure‘ consisting of ammonium sulfate
precipitation, and a segquential gel fiitratior.', cation
exchange and  hydrophobic interaction chromatography
resulted in a satisfactory increase of specific activity
(1,135-fold) but a very low recovery of 8% of
mesenterocin 52 produced by Leu. messenteroidss FR3Z
{Sudirman et al., 1894}. Keppler st al {(19%4) reported
the purification to homogeneity of carnocin IAS4R by
single step hydrophobic interaction chromatograrny using
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amberlite XAD-2. Revol-Junelles and Lefebvre (1996}
reported the purification of d_extra‘ncin J.-24‘ to
homogeneity by desorbing the bacteriocin £from the
producer cells at pH 2.0 followed by a reverse-phase

HPLC.

2.5.4 PEDIQCOCCAL BACTERIOCINS

Pediccin AcH from the culfure supernatant of P.
acidilé_ct__ici H was purified by ammonium snlfate
precipitation (70% saturation}, fast protein liguid
chromatography (FPLC), gel filtration and anion exchange
chromatography leading te a 98.8-fcld purification with a
single protein band on SDS-PAGE gel (Bhunia et al.,
1988) . Yang .et al (1992) reported the purification of
pediocin ACH'to‘homogeneity as revealed by a single sharp
band on SDS-PAGE gel by a pH dependent
adsorption/desorption wprocedure. Pediccin AcH was
adsorbed to the producer cells at a o©¥ of 6.0-6.5,
-centrifuged, the bacterlocin adsorbed dnto the cellis was
extracted at a low pH of 1.5-2.0. The purification
protécol resﬁlted; in *he récovery of almost all the
baéteriocin'produced. denderson et al (1992) reported a
470-fold purification cf pediocin PA-1 by gel filtration,
ion-exchange chromatography, dialysis and HPLC, whereas
Lozano et al (1992} achieved a 80,000-fold increase in
specific activity ¢f pediocin PA-1 by employing ammonium
sulfate precipitation, chromatography with a cation
exchanger and octyl sepharose and reverse;-phase APLC.

Daba et al (1524) emplcyed the pH dependent
adsorﬁtionfdesorption procedure developed by Yang et al
{1992) for the recovery of pediocin 5 produced by P.
acidilactici UL5. The procedure resulted in a.partial
recovery of the cell associated bacteriocin ff§¢€E3§hand



even longer desorption times exceeding 24 hr could not
result in the recovery of more than 10% of the original
activity. Further purification_ to homogeneity was

however, achieved by reverse-phase HPLC (Daba et al.,

1994} .

Schved et al (1993) reported a 262-fold purification
with a recovery of 50% of pediocin SJ-1 _by the direct
application of cell free supernatant containing crude
bacteriocin to a cation exchange chromatography column,
The homogeneity of pediocin 8J-1 thus purified was

confirmed by SDS-PAGE. Cintas et al (1995) purified
pediocin L50 to homogeneity by ammonium sulfate
precipitation, and sequential catien eXchange,
hydrophobic interaction and reverse~phase

chromatographies resulting in the recovery of more than
80% of the starting material with a 114, 112=Ffgld

increase in specific activity.

2.6 GENETIC DETERMINARTS OF BACTERIOCIN PRODUCTION AND

IMMUNITY

-

An understanding of the genetic control = for
bacteriocin production and host immunity hight be
beneficial for their effective use.: This . is also
necessary for cloning and sequencing c¢f genes invglved,
and abplication of genetic methods for the construction

and improvement of bacteriocin producing strains of LAB.:

The original criteria 1aid down for bacteriocins
specify the plasmid borne genetic determinants of -
bécteriocin. production and host cell immunity (Tagg ec
al., 1976). Although most of the bacteriocins cf-léctic
acid bacteria analysed to date adhere to this criterion,
a very few, especially those produced by lactobacilli,
have been found to have chromosomal borne genetic
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determinants (Barefoot and Klaenhammer, 1983; Joerger and
Klaeanhammer, 1986; Thompson et al., 1996}.  The
_bacteriécin immunity genes are generally borne on the
piasmids that encode 'bacteriocih production. However,
bacteriocin plasmids that do not carry immunity genes
have also been found in lactic acid bacteria (Gonzalez

and Kunka, 1887; Schved et al., 1993; Kanatani and
Qshimura, 1994).

There are reports dealing with a single plasmid
(p9B4-6) encoding the production of several bacteriocins
{lactocaccins A, B and M} and corresponding immunity
proteins (van Belkum et al., 189la; 1982}, separate
plasmids ranging in size from 55 to 131 Kb carried in
different strains and subspecies eticoding <the same

bacteriocin, lactococcin A (Holo et al., 1991; wvan Belkum

et al., 1991a; Stoddard et al., 1992).
2.6.1 LACTOBACILLI BACTERIOCINS

Joerger and - Klaenhammer {1986) repor:-ed the
ineffectiveness of ethidium bromide, acriflavine and
novobiocin in yielding variants lacking the procduction of
helveticin J. [Lactobacillus nelveticus 481 was shown to
harbour a single 8 Mba plasmid pMJi008. Isolates cured
of pMJ1008 were phenotypically identical tec plasmid -
bearing cells in fermentation  patterns, helveticin 3
production and immunity spectra providing the evidence
for a chromosomal location of helveticin J activity and
host immunity to helveticin J (Joerger and Klzenhammer,
1986) . Similarly, genetic determinants for bacteriocin
production in Lb. helveticus 1829 (Vaughan et al.,
1992) and Lb. helveticus CNRZ150 {Thompson et &.., 1998)

ware feound to be located on chromosomal DNA,



Bacteriocin production and host immunity in the
strains of Lb. sake have Dbeen reportéd to be encoded on
extrachromosomal genetic elements. Schillinger and Lucke
{1989} obtained a Bac¢ mutant which also became sensitive
to the bacteriocin sakacin A after treatment ol Lb. sake
706 with acriflavine and reported that a 27.7 Ko plasmid
was associated with sakacin A production and immunity of
host to sakacin A. However, later it was found that the
structural gene for sakacin A was localised on a 60 Kb
plasmid present in Lb. sake 706 (Holck et al., 1992).
Mortvedt and Nes (1880) observed the spontaneous
appearance with high ‘frequency of non-bacteriocin
producing variants of lactocin S producing Lb. sake L45
grown in 1liquid broth. Gznetic experiments suggested
that a highly unstable 50 Kb plasmid, pCIM1, was involved
" in the production of bacteriocin and in immunity to the

'bacteriocin {Mortvedt and Nes, 1890).

~ Daeschel et al (1990{ feported that attempts with
plasmid curing agents such as ethidium bromide, acridine
orange and novobiocin were not successful in the
isolation of Bac warignts of ILb. plantarum ¢-11.
However, they we:é successful in obtaining Bac™ variants
from a chemostat culture of Ib. plantarum C-11, The
plasmid profile of both Bac¢® and Bac® variants remained
identical revealing that the plasmid DNA was not inveolved
in the bacteriocin production. The Bac™ variants were not
ﬁensitiVE to the bacteriocin. Lactobacililus plantarum
LPCO10 grown in MRS broth containing novobiocin (0.125 to
0.5 ng/ml) resulted in the isolation of bacteriocin
deficient wvariants that were still immune to both
plantaricins $ and T and it was also reported that the
determinants for bacteriocin‘prcduction did not zppear to
be plasmid encoded {Jimenez-Diaz et al., 18393). Kanatani
and Oshimura {1994} reported the isolation of

non-bacteriocin producing mutants of ILb. plantarum CTEFL54
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after treatment with acriflavine. The geneatic
determinants for plantacin 1534 production in this strain
were found to be encoded on a 9.5 MDa plasmid._'HoweVEr,
the genes responsible for host immunity in Lb. plantarum
CTF154 existed in chromosomal DNA as the plasmid free Bac™
variants still retained their immunity to plantacin 154

{Kanatani and Oshimura, 1924).

Kelly et al (1996) obtained derivatives of Ib.
plantarum KW30 that no longer produced bacteriocin,
plantaricin KW30 but still retained immunity to it. The
identical plasmid profiles of the parent and cured
derivatives suggested a chromosomal location for the

genes for bacterioccin production in Eb. plantarum KW30.

Lactobacillus acidophiius N2 was found to ke plasmid
free suggesting chromosomal determinants for lactacin B
production and host immunity to the bacteriocin (Barefoot
and Klaenhammer, 1983). Kanatani et al (1983) reported
that genetic determinants for acidocin A production in
Lb. acidophilus TK9201 and the immunity of the host to
acidocin A were ‘located on a 45-Kb plasmid, pLA9201.
Vossen et al {1994) observed the loss of a 14-Kb plasmid
{pCV4el) in Lb. acidophilus M46 derivatives which were
cured of acidocin B production. The Bac  derivatives,

however, retained immunity to acidocin B.

Conjugation experiments showed that a 58-62 Kb
plasmid was responsible for lactacin F production and
host immunity in Ib. johnsonii VP11088 (Muriana and
Klaenhammer, 1987}.h Kiaenhammer (1893} reported that the
plasmid encoding Laf’ Imm’ appeared to represent a
transient state for an episome that is conjugally
transfered in E&b. Jjohnsonii VPI11088. Treatment of Lb.

brevis SB27 with novobiocin resulted in the generation of
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a non-bacteriocin producing mutant which was also
sensitive to the bacteriocin brevicin 27 and a plasmid of
about 3 MDa was reported to carry genes for both brevicin

27 activity and host immunity to brevicin 27 (Benoit et

al., 19%4).
2.6.2 LACTOCOCCAL BACTERIQCINS

The genetic basis for nisin production has eluded
researchers for many vyears, Initially, several workers
reported that the production ¢f nisin was associated with
extrachromosomal DNA (Gonzalez and Kunka, 18BE; Steele
and McKay, 1986; Tsai and Sandine, 1987; Kalstta and
Entian, 1989) as well as chromosomzl DNA (Buchman e al.,
1988; Dodd et al., 15%0; Steen et al,, 1990), However,
in recent years it has been conclusively prdved that the
.structural.gene for niéin produc:tibn was locatec on a 70
Kbt conjugative transposon (Horn et al., 1%%1; ERauch and
devos, 1992).

Neve et al ({1984} reported that bacteriocin
production in ZLc. lactis subsp. cremoris 9B4 was plasmid
enéoded as evidenced by conjugal transfer and by analysis
of cured bacteriocin negative mutants of donor strain and
transconjugants. All the transconjuganté_ acguired a 60
Kb plasmid from the donor strain 9B4 while the Bac”
variants  obtained by incubation at an elevated
temperature of parent and transconjugants were Iound to
be deprived of 60 Kb plasmid (Neve et al., 1984). Later
it was found that the bacteriocin plasmid p9B4-6 of Lc¢.
lactis subsp. cremoris 9B4 carried thea genes for
production of and immunity to lactococcins A and M (van
Belkum et 2al., 199la) and lactococcin B (van EBalkum &t
al., 1992}). By the use of a svnthetic DNA probe,

lactococcin A production in Le. lactis subsp. oremoris
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IMG2130 was found to be located on 55 Kb plasmid (Holo et
al., 19%8ij. The cured variant obtained after treatment
with novobiocin at 38°C was found to be deprived of the
5% Kb plasmid. Genes for diplococcin production and
immunity in Le. lactis subsp. cremoris 346 were found to
be located on a 54 MDa conjugative plasmid (Davey, 1984).

Acriflavine, acridine orange and ethidium bromide
were found to be ineffective in yielding Bac™ mutants of
Lc. lactis subsp, lactis biovar. diacetylactis WM4.
However, treatment with novobiocin resulted in one colony
with Bac¢™ phenotype (Scherwitz et al., 1983). The
analysis of plasmid content of parent and cured variants
and coniugation experiments provided evidence for an 88
MDa plasmid l_inked bactericocin preduction im the strain

W4 .

Morgan et al (1993) reported the isolation of Bag
mutants of Lc. lactis subsp. lactis biovar. diacstylactis
DPCY38 after growing it in the presence of acridine
orange (20 ug/ml). Bac™ mutants had lost immunity to the
bactericcins. The bacteriocin production and immunity
were found to be associated with a 72 Kb plasmid pSM72.

Dufour et al (1991) observed the abpearanée of Bac
mufants that had alsc lost Iimmunity after prolonged
incubation for 96-480 hr of lactococcin producing Ic.
lactis subsp. lactis ADRIA 85L030 and reported thatla 15
Kb plasmid pOS5 enceded gene for lactococcin production
and immunity. It was - reported that lactococcin
production and immunity were associated with a 2 MDa
plasmid in Lec. lactis subsp. lactis 484 (Gupta - and
Batish, 1922). Novobiocin treatment of Le¢. lactis subsp.
lactis CNRZ481 resulted in the appearance of variants
cured -of bacteriocin production and immunity and both the
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phenotypes were found to be associated with a 62 Kb

plasmid (Piard et al., 1893}.

2.6.3 LEUCONOSTOCS BACTERIOCINS

The growth of Leu. gelidom UAL-187 in APT broth
containing novobiocin (5 ug/ml}) and 5DS {0.002%), resulted
in the generation of cured variants that have lost both
bacteriocin production and immunity to the beactericcin
and a plasmid of 7.6 MDa was found to carry the genes
responsible for leucocin A-UALIB7 production and host
immunity {Hastings and Stiles, 18%1). The kacteriocin
production in Lev. carnosum Talla was linked o an 8.9
MDa plasmid (Felix et al., 12%4). Sudirmsn et al (1994)
obtained Bac™ mutants of mesenterccin 52 producing Leu.
mesentercides subsp. mesentercides FRS52 after treatment
with novobiocin (15-25% pg/ml). Some of the Bac™ mutants
became sensitive to the bactericcin while osthers retained
their immunity to mesenterccin 52, Arnalysis of the
plasmid profiles revealed the loss cf several plasmids in
both types of Bac~ mutants thus failing %o assign a
specific plasmid(s) to be responsible Ior bacteriocin

production and host immunity.
2.6.4 PEDIOCCCCAL BACTERIQCINS

Graham and Mckay {1985) reported that acriflavine
and acridine orange were ineffective in yielding Bac”
variants of P. cerevesiae FBE63. However, treatment with
novobiocin ({75 pg/mi) did result in the isoclation of
variants that have 1lost Dbacteriocin preducticon. The -
authors also provided physical evidence linking a 10.5
MDa plasmid in P. cerevesiae to bacteriocin production.
Isclation of Bac® mutants of P. pentosaceus FIBB61L was

reported after propagation of the cultures at 42°C in a
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glucose limited chemostat culture operating at a rate of
0.2h™! (Daeschel and Klaenhammer, 1985). Bac™ variants of
P. pentosaceus FBB61 “have aiso lost ‘immunity to the
bacteriocin. A 13.6 MDa plasmid was found to carry the
genetic determinants for bacteriocin preduction and
immunity to the bacteriocin in P. pentosaceus FRB61.
Hoover et al (1988] employed acriflavine and acridine
orange in the curing. experiments and reported the
association of 5.5 MDa plasmid with bacteriocin

preduction in P. pentosaceus MCO3.

Growth at elevated temperature (42°C to 45°C) of the
bacteriocin producing strains of P. acidilactici was
employed by Gonzalez and Kunka (iQS?)aﬁd. Jager and
Harlander (1992), while Hoover et al (1988) genefated Bac™
mutants after treatment with acriflavine and acridine
orange. Gonzalez and Kunka . (1987) reported the
association of a 6.2 MDa plasmid with bactericcin
ﬁrqduction but not host immunity in P. acidilactici
_Pﬁt%.o. Bateriocin production in P. acidilactici strains
P02, B5627 (Hoover et al., 1988) and PC (Hoover et al.,
1988; "Jager and Harlander, 1992} was reported to be

~ encoded on a 5.5 Mda plasmid.

Ray et al {1289a) observed .the spontaneous
appearance of Bac® variants of P. acidilactici H and
reported that the occurrence of Bac™. variants could be
increased after treatment of P. acidilactici H with
chemical curing agents such as acriflavine, ethidium
. bromide and novobiocin or growfh at an elevated
temperature. In contrast to pediocin PA-1, the genes for
pediocin AcH production and immunity were located on a
7.4 MDa plasmid pSMB74 (Ray et al;, 198%a). The conjugal
transfer of pSMB74 tc a Bac Bac® recipient strain of P.

acidilactici produced Bac' Bac® strain that harbered
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pSMB74 providing genetic evidence for plasmid encoded

bacteriocin activity and immunity in P. acidilactici H

(Ray et al., 1989b).

Daba et al {(1991) reported that 'high temperature
(50°C) incubation failed to yield bacteriocin- negative
mutants of P. acidilactici UL5. However, treatment with
acriflavine (15 pg/ml) resulted in the isclation of a Bac”
mutant which was not inhibited by pediccin 5, the
bacteriocin produced by parent strain. Growth of P.'
acidilactici S8J-1 at an elevated temperature c¢r in the
presence of acriflavine yielded variants defizient in
bacteriocin production. The genes for pediccin 8J-1.
production but not host Immunity in P. acidilactici SJ-1

were located on a 4.6 MDa plasmid {Schved et al., 1993).
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Chapter 3

/" Materials
and
Methods



3.1 ISOLATICON OF PEDIOCOCCAL CULTURES

3.1.1 COLLECTION OF SAMPLES

A total number of 25 samples of different milk and
milk products comprising 15 cheddar cheese, 3 dahi, 2
cream and 5 Dbuffalo milk obtained from the Institute's
Cattle Yard, Experimental Dairy and a local chesse
manufacturing plant were collected in sterile 125 mi
capacity sample  bottles after taking appropriate

precautions;
3.1.2 CULTURE MEDIUM

-Rogosa {SL} Bgar (Rogosa et al., 1951) was emploved
for the isolation of pedioccoccal cultures from various

milk and milk'products.

3.1.2.1 Composition

Tryptone - ‘ 10.0 g
Yeast Extract 5.0 g
Dextrose 20.0 ¢
Potassium dihydrogen pheosphate 6.0 g
Scodium acetate 25.0 g
Ammenium citrate ' 2.0 g
Magnesium sulfate. 7 H.O 0.1 g
Manganese sulfate. 2 H.O 0.12 ¢
Ferrous sulfate. 7 H,0 0.034 ¢
Glacial acetic acid 1.32 ml
Tween 60 1.0 m}
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Agar 20.0 g
Distilled water 1000 ml

pH 5.4 + 0.2

3.1.2.2 Preparation of Medium

Dissolved the ingredients in cold distilled water.
Heated to boiling to dissolve the ingredients completely.
Added 1.32 ml of glacial acetic acid; mixed thoroughly
and distributed into culture flasks. Heated to 920-100°C

for 2-3 minutes. The medium should not be azutoclaved.

3.1.3 PROCEDURE

Asepﬁically welghed 11 g of Dahi, cream and buffalo
milk samples were transferred to 99 ml of sterile normal

saline (0.85% sodium chloride) (warmed to <3°C for cream)

and mixed well.

‘Cheese samples were prepared by transierring 11 g of
aseptically weighed samples to 92 ml sterile 2% sodium
citrate solution at 45 to 50°C and homcgenised for 3

minutes using a Sorvall Omni-mixer,

In all the cases serial dilutions weres subsequently
prepared in sterile normal saline. Appropriate dilutions
of the sampies were plated cut on Rogosa (SL) acetate
agar supplemented with 100 mg / lit. of cycloheximide and
the plates.were incubated at 30°C for 3-5 Zays. Typical
colonies were picked up randomly and transZerred to MRS
broth (de Man et al,, 19860} for microscecpic examination

and gas production subsequently.

e
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3.2 BACTERIAL CULTURES

Bacterial cultures employed in this study, their

source, growth media and maintenance are as given in

Table 3.1.

3.3 COMPOSITION OF DIFFERENT CULTURE MEDIA

3.3.1 MRS MEDIUM {de Man. et al., 13860)%

Peptone 10.0 ¢
Beef Extract i.0 g
Yeast Extract 5.0 g
Dextrose 20.0 ¢
Dipotassium hydrogen phesphate 2.0 g
Sodium acetate 5.0 g
Ammonium citrate : 2.0 g
Magnesium sulfate 0.1 g
Manganese sulfate 0.05 g
Twaen 80 : 1.0 g
Distilled water 1000 ml

pH 6.5 + 0.2

3.3.2 ELLIKER MEDIUM {Elliker et al., 1956}*

Tryptone . 20.0 ¢
Yeast Extract 5.0 g
Gelatin _ 2.5 g
Sodium chloride , 4.0 ¢
Dextrose ‘5.0 g
Lactose 5.0 4g
Sucrose 5.C g
Sgdium acetate 1.5 ¢
Ascorbic acild .5 ¢
Distilled water 1000 m.

pH 6.8 = 0.2
* pehydrated media procured from wvarious ccmmercial sources such as
Hi-~Media, India; DBifco, USA; BBL, USA; Biokar, France,.
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Tabla 3.1 Bacterial Cultures:

Source, Growth and Maintenance

MONOR2, 8%, 46

Le. lactis subsp. lactis biovar.
diacetylactis NCDC60, 61, 64

vitry ftulbtures {(NCHCY,
Nalional Dbalry Research
Institute (NDRI), Karnal

Cu;ture Sourcea Growth Mediitm Maintenance
{Broth, Soft Agar & (at 5°C)
) Agar)
Lactic culture
Lb. plantarpm NCDO955
Leu. mesenteroides LY Dr, Bibek Ray, University TGE TGE Slants
of Wyoming, USA
P, acidilactici 1LB42 -
P, acidilactici NCIM229z
National phemical MRS/ TGE Yeast dextrose

P. pentosaceus NCIMZ22986 Laboratories, Pune milk
P. cerevesiae NCIM2171
Le, lactis subsp. lactis
NCDCY1, 94, %6
Lc, lactis subsp. cremoris National Collection of BElliker Chalk litmus

milk



Lb.

Lb.

Lb. casei subsp. casei NCDC19
Lb., delbrueckil subsp. bulgaricus
NCDCZ6 ’

acidophilus NCDC13, 14, 15

plantarum NCDC20, 21, 22

Leu. mesenteroides subsp.

dextranicum NCDC30, 31, 34, 143

- Hon Lactic Cultures:

£9

Gram Positive:

L. monocytogenes

Scott A, V7

MTCC657, 1143

L. ivariovii

L‘

innocus. 111

Enterococcus fascalis MBl

NCDC, NDRI, Karnal

NCDC, NDRTI, Karnal

Br. Bibek Ray, USA

Microbial Type Culture
Collection, IMTECH,
Chandigarh

Dr. Bibek Ray, USA

Dr. Richards, INRA,
Frunte )

Dy, Bibek Ray, USA

MRS

MRS

BHI

BHI

Chalk litmus
milk

Yeast Dextroée
milk

RHI slants

BHI slants



E. faecalis NCDC116, 122, 119, 124

B. cereus NCDC66
B. subtilis NCDC7¢, 71
B. polymyxa NCDC&B
Staph. aureus NCDC10S, 110
Gram Negative:

o Escherichia coli NCDC134
Proteus vulgaris NCDCT3
Pzeudomonas aeruginosa NCDC105

Salmonella typhi NCDC113

Serratia marcescens NCDC108

"E. coli V517 (plasmid DNA marker)

Pediowcoccal cultures

NCDC, NDRI, Karnal

-

NCDC, NDRI, Karnal

NCDC, NDRI, Karnal

Dr. Bibek Ray, USA

Experimental Isolates

M17 (Lactose)

Nutrient Medium

Nutrient medium

LB

MRS/ TGE

Chalk litmus
milk

Nutrient agar
slants

Nutrient agar
slants

LB agar slants

Yeast dextrose
milk




3.3.3 M-17 MEDIUM -{Terzaghi and Sandine, 1975)*

Tryptone 5.0 g
Peptone 5.0 37
Yeast Extract 2.5 g
Beef Extract 5.0 g
Lactose 5.0 ¢
Sodivm-f-glycerophosphate 19.0 g
Ascorbic acid 0.5 g
Magnesium sulfate 0.25 g
Distilled water . 1000 =l
oH 7.0 + 0.1
3.3.4 APT MEDIUM (Evans and Niwven, 1951)*
Tryptone _ : . 12.5 g
Yeast Extract . , ‘ 7.5 ¢
Sodium chloride 5.0 ¢
Dextrose 10.0 =
Sodium citrate 5.0 ¢
Dipotassium hydrogen phosphate 5.0 ¢
Sodium acetate . 5.0 ¢
Sodium carbonate . ' 1.25 =
Magnesium sulfate. 7 H.O o . 0.8 ¢
Manganese chloride. 4 H.O 0.14 ;
Ferrous sulfate. 7 H,0 ©0.04 7
Thiamine hyvdrochloride o 0.001 g
Tween 80 0.2 ¢
Distilled water : 1000 1
pH 6.7 + 0.2
3.3.5 TGE MEDIUM (Biswas et al., 1991}
Trypione 1¢.0 =
Glucose 10.0
Yeast Extract 10.0 ¢
Magnesium sulfate 0.05 ¢
Manganese sulfate _ $.05 ¢
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Tween 80 2.0 ml
Distilled water . ’ 1000 mi
pH 6.5 0.2

3.3.6 TGE BUFFER MEDIUM (Yang and Ray, 19%4a)

-

The TGE  medium (3.3.5) was supplemenied with
dipotassium hydrogen phosphate (0.2%), sodium acetate
(0.5%) and sodium citrate (0.5%). The pH of tris mediunm

was adjusted to 6.8.

3.3.7 NUTRIENT MEDIUM*

Pectone 5.0 7
Beef Extract 1.5 ¢
Yeast Extract 1.5 ¢
Sodium chloride - 5. 0¢
Distilled water 1000 r}
pH 7.4 + 0.2
- 3.3.8 BHI MEDIUM*
Bee® Heart, infusion frem ' 250.0 3
CalZ Brain, infusion frcm 200.0 2
Dexcrose 2.0 ¢
Dipotassium hydrogen phosphate K 2.5 ¢
Scdium chloride : 5.0 ¢
Peptone ' 16.0 g
Distilled water 1000 i

pH 7.4 1+ 0.2

3.3.9 LB {(LURIA-BERTANI) MEDIUM {(Sambrook et al., 1989)

Tryntone 10.0 g
Yeast Extract 3.0 ¢
Sodium chloride 0.6 ¢
Distilled water 1000 mi

pH 7.0
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3.3.10 CHALK LITMUS MILK

Skim milk powder
Blue Litmus
Distilled water

A pinch of calcium carbonate

iitmus milk test tube.
3.3.11 YEAST DEXTROSE MILK

Skim milk powder
Yeast Extracy
Dextrose
Distilled water

116.0 g
5.0 ¢

1000 ml

added to each

110.0 g
3.0 ¢
10.0 g
1000 nl

3.3.12 LOW GLUCOSE MEDIUM (Felton et al., 1953;

Tiyptone
Yeast Extract
Glucose
Sodium chloride .
Dipotassium hydrcéen phcsphate
Distilled water

cH 6.8

(1

1

O o e O on
o O W o
oy Q)

3.3.13 CITRATE UTILISATION MEDIUM (Kempler and McKay,

19280)

3.3.13.1 Basal Medium {(Modified)

Peptone

Beef Extract

Yeast Extract
Dextrose

Casein hydrolyvsate
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Sodium acetate : 5.0 g
Ascorbic acid 0.5 ¢
pH 5.8-6.0 o

3.3.13,.2 Potassium ferricygnide~ 10% {w/v) in wazzar

3.3.13.3 Ferric citrate and sodium citrate- one gram each

in 40 ml water

The basal medium was autoclaved, tempered at 45°C
and then supplemented with 10 ml each of solutions
3.3.13.2 and 3.3.13.3 previously steamed (100°C: for 30

min.

3.4 SCREENING OF PEDIOCCOCCAL CULTURES FOR ANTIRACTERIAT
ACTIVITY

Pediococcal cultures isolated in this stzdy were .
screened for their antibacterial activity agziast Ib.
plantarum NCDQSS5, Leu. mesentercides LY, P. acidilactici
1842, L. monocytogenes MTCCGS? and 1143, B. cereus
- NCDC66, Staph. aureus NCDCll0 by using agar-sp>t assay
(Fleming et al., 1975}, agar-well assay (BareZoct and'
Klaenhammer, 1983} and agar~-disc assay (Ray et al.,

198%a} .
3.4.1 AGAR-SPOT ASSAY

Pediococcal cultures for spot-inoculation of agar
surfaces were grown in MRS broth for 18 hr at 20°C while
indicator strains for adding to the soft agar overlay
were grown in appropriate broth for 16-18 hr =zt their
optimum growth temperatures. All the cultures ware used

undiluted in the assay.
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The surface of the sclidified and dried {ons day at
37°C} MRS agar {1-5% agar}) plates was spot inoculated
with 5 pl of pediococcal cultures. A maximum cf three
cultures was spotted per dish. The inoculatsd agar
dishes were incubated at 20°C for 18 hr and then zvseriaid
with % ml of soft agar (0.8% agar) which had beszn seeded
with 100 pl of indicator culture. A clear zone of 2 mm
or greater extending laterally from the border of the
Pedioceccus colonies after incubation for one day at

optimum temperature of indicator strains was recorded as

positive inhibition,
3.4.2 AGAR WELL AND DISC ASSAYS

Pediococcal culfiures were grown in MRS broth for 18
hr at 30°C. Cells were removed by centrifugation at
12,000 rpm for 20 min at 5°C. The culture supernatants
thus obtained were sterilised by passing through a (.22
pm membrane {Gelman Sciences Inc., Michigan, USA) and
used in the assays. Alternately, cells were killed by
boiling for 3~5 min and heat-killed culture broths were

empioyed.

A fCresh culture of indicator bacteria (10 ul} grown-
for 16~18 hr at their optimum growth ' temperature was
mixed with 5 ml of soft agar, melted and cooled tc 45°C,
and poured into a petridish containing 20-25 ml of agar
medium. The soft agar was allowed to solidifv thus
generating a potential mat of the indicator bacteria.
The plates were refrigerated at 5°C for one hour before
several wells were punched out of the agar with the broad
end of a sterile Pasteur pipette. The agzar buttons were
removed and wells were filled with 100 upl of the prepared
culrure supernétants. The plates were once again
refrigerated at 5°C for 3-4 hr to facilitate the

diffusion of antibacterial compounds and then were
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incubated at appropriate téﬁperature for 18 hr. A clear
zone of 1 mm or greater extending laterally from the edge

of wells was considered positive inhibition.

In the case of disc assay instead of punching wells,
sterile paper discs were placed on refrigerated indicator
lavns and 20 pl of culture supernatanis were spotted on

the discs.

3.5 ENZYME SENSITIVITY COF ANTIBACTERIAL PRINCIPLE

3.5.1 CULTURE BROTHS

The pedioccoccal cultures showing antipacterial
activity were grown in MRS broth at 37°C for 16-~18 hr.
The culture broths were adjuéted to pH 7.0 and boiled for

5 minutes.
3.5.2 ENZYMES

'Enzymes used were Trypsin, Chymotrypsin, Ficin,
Papain, Proteinase-K, Pronase-E end Catalase {2,00,000

EU/ml).

A1l the enzymes, were disscived in sterile 50 mM
phosphate buffer (pH 7.0) at a concentration of 10 mg/ml.

2.5.3 PROCEDURE

To 100 nl of culture breths in a micfofuge tube, 1400
ul of enzyme preparation was added and mixed immediately.
The microfuge tubes were allaowed to fleoat in a water bath
maintained at 37°C for 1-3 hr. The microfuge.tubes were

then transferred to a2 boiling water bath for 5 minutes.



The controls consisteé of culture broths added with

phosphate buffer and enzyme solutions treated in the

similar manner.
3.5.4 SPOT-ON-LAWN ASSAY

The loss of the activity of the culture supernatants
was tested by spot-on-lawn assay. This assay is
esgentially the same as agar disc assay {3.4.2}) excspt
that 5-1¢0 pl cof the culture supernatants were directly
applied onto the indicator lawn in stead ¢f filter paper

discs and examined for presence or absgsence of zones of

inhibkition.

3.6 MEASUREMENT CF ACTIVITY UNITS (AU}

~

Five microlitres ©f serial dilutions 10, 2C, 30, 40
...) of the culture broths (23.5.1) were used to determine
the highest dilption that produced a 1 mm zone ¢f growth
inhibition . using the spot-on-lawn assay (3.5.4), The
activity units of the culture broths was cslculared using

the following formula and expressed as activity units)per

ml:

Activity Units per ml = 200 X highest dilution that gave

{(AU/ml) a clear zone

3.7 IDENTIFICATION OF PEDIOCOCCAL CULTURES

apart from morpholegy, an array of phyvsiological and
biochemical tests were performed to identify the

pediococcal strains isclated in this study.
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3.:7.1 PREPARATION OF CULTURES

Pediococcal cultures were grown in TGE buffer broth
at 30°C for 18 or 24 hr with an inoculur rate =f 1.0%,
centrifuged at 12000 rpm for 15 min gt 4°; c=21ls were
washed twice with sterile 5 ml phosphate buffer {0.05 M,
pH 7.0) and resuspended in the same buffer to the
original volume and used as an incculum for the various
tests employed te identify the isolated cultuxes. An
inoculum rate of 1.0% was used unless and otherwise

stated.

3.7.2 MORPHOLOGY

The shape, arrangement and size o¢f individual
organisms were determined in Gram stained smears prepared

from 24 hr old cultures fixed by heat.

~ 3.7.3 PHYSIOLOGICAL AND BIOCHEMICAL TESTS

3.7.3.1 Growth at Differént Temperatures

TGE buffer broth tubes were inoculated +ith the
pediococcal cultures and incubated at 15°C for 3 days,
40° and 45°C for 24 hr, and 50°C for one week, Growth
was estimated from.the.turbidity-of the culture broths.

3.7.3.2 Growth at Different pH Values

TGE buffer broth tubes adjusted to different pH'
values, 4.2, 8.5 and 9.6 with either 3 N HC! or 3 N NaCH,
were inoculated with pediococcal cultures and Incubated
at 30°C for 24-72 hr and the growth was assessed by
observing the turbidity cf the culture broths.
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3.7.3.3 Growth in NaCl

" TGE buffer broth Eubes containing 4%, 6.5%, 15% and
18%¢ NaCl were inoculated with the test cultures,
incubated at 30°C for 24-72 hr and growth was visually
examined by the turbidity in the culture broths.

3.7.3.4 Gas Production

Gas producticen by the pediococcal isolates was

examined by Hot-Loop test described by Sperber and Swan

- {1976).

Tixe cultures in the study were grown in =T breth
tubes for 24 hr at 30°C. A heated (red hecr) incculatin
loop was plunged immediately into the culture tube,
Evelution of a stream of bubbles or copius amounts of gas
was taken as positive reaction for gas production by tes:
culture. Cultures giving a negative reaction at tie end
of 24 Ekr incubation were retested after additZonal 24

hrs.

L

3.7.3.5 Reaction in Litmus Milk

Litmus milk tubes without added calcium carbonate
were inoculated with pediococcal cultures, incubated at

30°C, examined for reduction and curdling every day for 7

days.

3.7.3.6 Arginine Hydrolysis

TGE buffer Dbroth, without citrate and 3slucoss,
supplemented with 0.3% arginine monchydrochleride was
inoculated with pediococcal cultures incurated at 30°C
for 48 hr. The productioﬂ of ammonia from arginine was
detected by adding Nessler's reagent (HZ Media
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Laboratories, Bombay) to culture broth in a ratic of 1:1.

The development of an orange or & brick-red colour

constituted the positive reactlon.

3.7.3.7 Catalage and Pseudocatalase Activity

-

Catalase and pseudocatalase activities oL
pediococcal cultures were tested by the method ¢ Felton

et al {195%3).

3.7.3.7.1 Catalase Activity: Catalase activity was tested
by streaking pediococcal cultures on APT  azar  and
incubating the plates at 30°C for 24 hr. After
incubation, the gplates were flooded with £ m. of 3%
Hydrogen peroxide (L0 vol.) and observed uptoc 37 min for
the presence of visible gas bubbles which was coasidered

a positive reaction.
3.7}3.7.2 Psaudocaltalase Activity: The procsdures s same

as above except that a medium with low glucose (D.D5%)

was employed for streaking pediccoczal cultures,

3.7.3.8 Carbohydrate Fermentaticn

The ability of pediococcal cultures to ferment and
produce acid from various sugars was tested in a basgal
agar medium (TGE buffer agar without glucose) ccntaining
0,004% bromocresol purple as an indicator. Carbchydrates
tested were:- glucose, galactose, fractose, mannose,
ribose, xylose, arabinose, maltose, lactose, sucrose,

rhamnose, salicin, mannitol, dulcitol and sorbitoi.

The dried basal medium agar plates were coverlaid
with 5 ml of the same s0ft agar seeded with 102 pl of

pediccoccal cultures. Carbohydrate differentiation discs
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s
(Hi Media Laboratories, Bombay] were placed on the
culture lawns and the plates were incubated at 30°C and
examined upto 5 days. The presence of y=llowish zones
around the discs indicated the fefmentation of the

-

carbohydrate with acid preduction.

Alternately, the basal agar medium was supolemented
with membrane filtered carbohydrates at 1% level. The
dried agar surface was spotted with 2 }LL of pediocoecal

cultures and the observations were recorded as above.

3.7.3.9% Citrate Utilisation

Citrare utilisation by the pediccocca: cultures was
studied on & modified medium of Kempler and McKay {1980}.

The Easal agar medium supplemented with potassiuve
.feri}icyanide and ferric and sodium citrafss was poures
and the plates were dried at 37°C for 24 kx. £ loopful
of the pediococcal culture was stresked on To the dried
surface and plates were incubated at 30°C f:or 48 Zx. The
appearance of prussian biue colonies .was taken as

positive for citrate utilisation.

3.8 OPTIMISATION OF CONDITIONS FOR BACTERIQCIN PRCDUCTICON

The inoculum for production studies was prepared as

given under section 3.7.1 and used at 1% level,

3.8.1 MEDIUM

TGE, MRS, APT and Elliker broth flaskxs inoculated

with the culture were incubated at 37°C.
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3.8.2 INITIAL pH

MRS broth adjusted to varicus initizl pH values
(4.0, 5.0, 6.0, 6.5 7.0 and £.0) was inoculated and

incubated at 37°(.

3.8.3 TEMPERATURE

MRS broth inoculated with the producer strain was
incubated at 25, 30, 37 and 45°C.

In all the sbove experiments, samples were drawn at
3, 8, 16 and 24 hr intervals and pH, 0.D. {800 nm) and

bacteriocin activity units were determined.

3.8.4 INCUBATION TIME

MRS broth with an initial pH 6.5 was inoculated at
1% level and incubated at 37°C. Samples drawn at regular
intervals upto 72 hr were assayed for pH, 0.D (600 nm),
viable cell counts and bacteriocin activity units.

3.9 PROTEIN ESTIMATION

Protein content of samples was estimated by the -
method of Lowry et al (1951) wusing the bovire serum

albumin (BSA) as the standard {Fig. 3.1l}.

3.10C DETERMINATION OF SPECIFIC ACTIVITY

Specific activity of the bacteriocin preparation was
defined as activity units of the bacteriocin per

milligram of protein.
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Fig. 3.1 Standard curve for protein estimation
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3.11 PURIFICATION QF TEE BACTERIOCIN

3.11.1 PURIFICATION OF THE BACTERIOCIN BY PH DEPENDENT
ADSORPTION-DESORPTION METHOQOD

The purification of the bacteriocin was attempted by
using the pH dependent adsorption-deso"rption method
developed by Yang et al (1992). The schematic chart of
the protocel is given in Fig. 3.2.

3.11,.2 PRECIPITATION WITH ORGANIC SOLVENTS AND AMMONIUM SULFATE

MRS broth having an initial pH 6.5 was inoculated at
1% level .wit;h the. overnight grown culture of P.
' pentosacéus 3;; and incubated at 37°C for 18 hr. The pH
" of the grqwn cult{x'a;:é'wgs adjusted to 2.0 and heated at
75°C. fo:'} 30 min after which it was stored at 5°C for 24
hr.\\ The cells were then removed by centrifugation at
10,000 rpm for 20 min, The supernatant was filter
sté_r_iliSed by passing through a 0.2¢, 45 mm diameter
menmbrane filter and. used for purification studies. The
‘bacteriocin activity (3.6) and protein content (3.9) of
the supernatant were determined to calculate the specific

Cactivity (3.10). -

3.11.2.1 Organic Solvents

To 50 ml of the culture supernatant, 50 ml of the
chilled organic golvent {acetone, ethanol, isopropanol or
methanol) was added at 0°C with constant stirring to
obtain the supernatant to solvent ratio of 1:1. The
mixture was stirred on magnetic sgtirrer for another one
hour and left in the refrigerator overnight. The
precipitate formed was separated by centrifué'ation and

the supernatant obtained was further treated with
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Growth in TGE Broth (37°C/18 hr) Centrifugation (Yoooo rpr/10 min at 4°C )

*Supernalant
*oH adjustment o 6.5 P Cell Pellet

Suspended in 100 ml deionize*water
Heating (70°C/30 min) '

Added NaCl to 0.1M Conc,

Cooaling to Room Temp.

-

pH adjustment fo 1.5

Centrifugation (10000 rpm/10 min at 4°C} - v Y
o Stirring Over Night at 4°C

~ *Supernatant Cell Pellet

Suspended in 5 mM phosphate buffer.{pH 6)
o

Centrifugation (10000 rpm/10 min at 4°C )

Supermafant * éell Pellet
Dialysis
Freeze Drying of Dialysate

* Powder
* Checked for Activily Units

Fig. 3.2 Protocol for the Recovery of P.
pentosaceus 34 Bacteriocin by pH Dependent
Adsorption-Desorption Technique '
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incremental addition of the organic solvent te obtain the
‘supernatént to solvent rafios of 1:2 and 1:3. The
precipitate obtained every time was dissolved in
distilied water and tested for protein content and

-

bacteriocin activity.

2.11.2.2 Ammonium Sulfate

To 100 ml of supernatant, ammonium sulfate was acdged
slowly with constant stirring to achieve a 40% saturation
and stirring continued for another one hour in a cold
room at 5-7°C. The mixture was then kept overnighit iz
the cold room. It was then centrifuged at 16,200 ¢ Zcr
20 min and the preciritate was dissolved in distiil=sx
water. The sﬁpernatant was subsequently adijustsd tc 372,
B0 and 100% saturatiocn -levels by further addition of
solid ammenium sulfate. The pellet in each case was
dissolved in distilled water.

The Dbacteriocin sclution cbhtained aftsr eg=ch
ammonium sulfate fractionation step was dialysed using =z
1000 MWCO (molecular weight cut off}) cellulosa acetzte
membrane for about 18 hr against distilled water with 3-&

intermittent changes of water.

The specific activity and recovery .of the
bacteriocin were calculated from the protein content and

activity units ©of the samples.

In a further studv, the superpatant was initially
adiusted to 30% saturation. The supernatant obtained was
further raised to 60% saturation by adding the required
amount of ammoniwmm sulfzte. The preacipitate obtained in
both the cases was dissclved in distilled water, Jdialvsed
as described above, and the dialysates were assayed for

protein content and bacteriocin activity.
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3.11.2.2.1 Belection of Buffer:

The bactericcin preparation from ammonium sulfate
precipitation was mixed with 0.2 M acetate buffer (pH
4.0, 4.6, 5.2) or 0.2 M phosphate buffer (pH 5.8 and 6.4)
to attain a final ionic strength of 0.1 M. The samples

were kept at 5°C and 37°C and assayed for activity units
after 24, 48 and 72 hr.

3.11.3 GEL FILTRATION CEROMATOGRAPHY

Sephadex G-25 (medium, particle size 50-150) and
Sephadex G-50 (fine, particle gize 20u) obtained from
Pharmacia Fine Chemicals, Uppasala, Sweden were soaked in
0.1 M acetate buffer {pH 5.2) overnight at room
temperature and the  fines were decanted off. The gel
suspension after deaerating for 10-15 min was packed into
a 55 em X 2.5 cm glass_coiumn at the operating pressure
head of 30 cm. The void volume of the packed column was
detéfmined by using blue dextran B-2000. ‘The column was
flushed with 3-4 volumes of the elutihg buffer, 0.1 M
acetate buffer containing 0.1% SDS and 0.004% sodium
azide. The bacteriocin solution was carefully layered
over the surface of the gel with the help of a glass
pipette and the protein was eluted from the column at a
flow rate of 30 ml/hr. Five millilitres fractions, were
collected after draining ﬁo% cof the wvoid wvolume and
analysed for bacteriocin agtivity. The protein content
of the fractions was monitored by determining 0.D. at 280

nm.

'3.11.4 ION-EXCHANGE CHROMATOGRAPHY

Further ©purification of the ammonium sulfate
precipitated {30-60% saturation) bacteriocin was
attempted by ion-exchange chromatography.
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3.11.4.1 Selection _¢f Ion-Exchanger and _Starting pH _ of
the Buffer ’

3.11.4.1.1 Ton-Exchanger:

CM-Sephadex C-25 and DEAE-Sephadex A-25 were used as

cation and anion exchangers, respectively.

3.11.4.1.2 Buffers:

Acetate buffers (pH 4, 4.5, 5, 5.,5) and phosphate
buffers (pE 6, 6.5 and 7) were used for the
cation-exchanger while Trig-HCL buffer {ﬁH 7.2, 7.6 and
8) was used for the anion-exchanger.

3.11.4.1.3 Procedure: .

-~

Equilibrated 0.1 ¢ ion-exchanger gel in eac_h.test
tube to a_difﬁerent pH by washing 10 times with 10 ml of
0.5 M buffer followed by washing of the gel 5 X with 10
ml of buffer of the same pH but lower ionic strength {50
M for cation'exchanger and 25 wM for anion exchanger).
One ml of the bacteriocin solution (20,000 IU/ml) in 'the
low ionic strength buffer of the same pH was added to
cach of the tube. Stirred the gel for 5-10 min and
allowed it to. settle. The supernatant was assayed for
the bacteriocin activity (3.6) to determine the amount of

bacteriocin bound to the ion-exchanger.

3.11.4.2 Selection of Starting and Elutipg Ionic Strength
of the buffer

Test tube method was used to determine the starting
and eluting ionic strengths to be employed in the

subsequent column experiments.
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3.11.4.2.1 Procedure:

Equilibrated 0.1 g DEBE-Sephadex A-25 gel in each
tube by washing 10 X with 10 ml of 0.5 M Tris-Z21 bpuffer
{(pH 7.2} followed by equilibration of the” gel to
different ionic strengths by washing 5 X with 10 ml of
the same buffer containing different concentrztions of
NzCl (0.05 to 0.4 M, 06.05 M intervals}. Added 1 ml of
the bacteriocin (20,000 IU/ml) sample to the gel and
stirred the mixture for 5-10 min. Then zllowed the gel
unbound

i

to settle and assayed the supernatant for th

bacteriocin activity asin 3.6.

3.12 CHARACTERISATION OF THE BACTERIOCIN FRODUCED BY P.

PENTOSACEUS 34

The crude as well as partially purified bacteriocin
preparations were used in the charac-erisation studies.
*,

'3.12.1 CRUDE BACTERICCIN

P. pentosaceus 34 was grbwn in MRS breoth at 37°C for
16~18 hr. The culture broth was belled for 3~5 ain in a
boiling water bath to kill the cells unless or ctherwise
stated. The bacteriocin concentratipn: in the culture

supernatant was estimated to be 78,000 AU/ ml.

3.12.2 PARTIALLY PURIFIED BACTERIOCIN

The bacteriocin precipitated with ammoniuwm sulfate
{30-60% saturation) was dissolved in deionised water and
dialysed against the same overnight, and filter
sterilised by passing through 0.22 pn membrane filiter.
The bactericocin concentration was 2,900,000 AU/mi,
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3.12.3 INHIBITORY SPECTRLUM

The -antibacterial activity against various lactic
and non-lactic cultures of partially purified bactericcin

was determined by agar—-well assay (3.4.2).

3.12.4 DETERMINATION QOF MOLECULAR WEIGHT BY SDS5-PAGE

The molecular weight of the P. pediccoccus 34
bacteriocin was determined by the discontinuous procedurs
of Schagger and von Jagon (1987) with some modifications
as given in Technical Bulletin No. MWM-100 of Sigme
Chemical Co., USA. The bactefiécin purified by p=
dependent adsorption and desorption method was made use
in the determination of molecular weight of <che

bacteriocin.
3.12.4.1 Reagents

3.12.4.1.1 Acrylamide Soluticn:

Acrylamide . 48 g
N, N' Mépylenejbis-acrylamide.1.5 g

Dissolved in water to a final volume of 100 mli“nd
the solution was stored for one month in an amber
coloured botitle at 4°C. Warmed gently for dissclution

after refrigeration.
3.12.4.1.2 Buffer:

Trizma Base 36.34 g
SDs 0.30 g

Dissolved by gentle warming in 60 ml watar.
Adjusted pH to 8.45 with concentrated HCl. Made up the

final volume to 100 ml with water.
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SDS . i
3.12.4.1.3A5t0ck Solution'ZO%:

SDS 10 g

Dissolved completely in 50 ml water by gentle

warming. Stored at room temperature.
3.12.4.1.4 Tris-HCl, 1M pH 6.8:

Trizma Base 12.1 g

Dissolved in 80 ml water. Adjusted pH to 6.8 with
concentrated HCL. Made up the final vclime <3 100 ml

with distilled water.

3.12.4.1.5 Sample Buffer:

20% SDS Solution (3.12.4..1.3) 4.0 =1
Glycerol 2.4 ml
2-Mercaptoethanol 0.4 =l
Brilliant Biue G 2.0 ml
Tris-HCl, 1 M, pH 6.8 (¥ikklh, 1,0 m1

Made up the final wvolume to 20 mi with water.

Brilliant blue G served as marker dye.
3.12.4.1.6 Ammonium Persulfate Solution:

Prepared fresh each Gtime by dissolving 100 mg

ammonium persulfate in ! ml of distilled water.
3.12.4.1.7 Anode Buffer:

Trizma Base 121.1 g

37



Dissolved in 1 lit. water. Adjusted pH to §.9 with

concentrated HCl. Made up the final volume top & 1:it

with distiiled water.

3.12.4.1.8 Cathode Buffer:

Trizma Base 12.11 g
Tricine 11.82 g
SDS 1.0 g

Dissolved in 1 lit. water. The pH of the socluti:in

was not adjusted but was approximately 8,2.

3.12.4.1.9 Fixative Solution:

Methanol 50 ml

Glacial acetic acid 10 ml

l‘ls
1
i

\. Final volume made upto 100 ml with disciiled

%

3.12.4.1.10 staining Solution:

Brilliant Blue( 50 mg

~ Dissolved in 200 ml 10% glaciai acetis
Stirred for 30 min and filtered through a filte

Stain was used fwice.

3.12.4.1.11 Destaining Soluticn:

Glacial acetic acid 130 ml1

Combined with %08 ml water. The soluiiczn W

discarded after =ach usez.
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3.12.4.2 Sample Preparatlon

The bacteriocin sample was prepared at a
concentration of 1 mg/ml in sample buffer (3.12.4..1.5).

3.12.4.3 preparation of Molecular Weight Markers Solution

Dissolved the contents in 1 ml of sample buffer
(3.12.4..1.5) . |

3.12.4.4 Treatment of Samples Prior to Electrophcoresis

Incubated the sample and molecular weight %gfﬁfrs
- <
soclution for 3¢ min. at 40°C and then allowed thrqom

temperature.

3.12.4.5 Preparation of Electrophoresis Gels

Spacer gel soluticn Separation gel solution

(10% T, 3% C)* {(16.5% T, 2% Q)
Acrylamide 1,525 2.50
solution (mi} )
(3.12.4.1.1) ,
Gel buffer(mi} 2.50 2.50
{3.12.4:.1.2) '
Glycerol{mi? - - .. 0.80
Water (i) 3.475 1.70
Acrvlamide(g)+Bis—Acrylamide(g)]X1i)
*PercentT =2 ) :1100 crylanid(g)]
Bis-Acrylamide(g)X100
PercentC= rylamide(g)

Acrylamide{g)+Bis-Acrylamide(g)
3.12,.4.5.1 Procedure!

= Glass plates were thoroughly <cleaned with an
acetone-swabbed tissue paper, separated by 0.75 mm

teflon spacers and fixed onto the gel casting assembly.
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@ Inserted an 8 well comb and placed a mark on the glass
 plate 1 ¢m below the teeth of the comb. Removed the

comb.

s pipetted the solutions as indicated in 3.12,4.5 ang

deaerated them.

® Final preparation of the separating gel sclution was
done by adding 0.1 ml ammonium persulfate (3.12.1.1.6"
and ©0.01 mi of N,N,N', N'-Tetramethylethylenediamine
(TEMED) and the contents were mixed thoroughly b=

gentle stirring.

® Completed the preparation of spacer gel solution b
adding 0.1 ml ammonium persulfate and 0.0l ml TEMED

followed by thorough mixing by gentle swiriing.

® Quickly poured the separating gel to the mark fellowed
by careful overlaying with spacer gel soluticn. This
operation was completed within 15 min.

= Inserted the well-forming comb inte the spacer gel.

» After the gel had set, allowed to equilibrate bty leaving

it overnight at 4°C.

3.12.4.6 Electrophoresis

» Transferred the gel to the electrophbretic apparatus
(Hoeffer, USA) and removed the comb.

= Rinsed well with distilled followsd by cathode buffer
{3.12.4.1.8}
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Filled the upper chamber with the cathode buffer
(3.12.4.1.8) and lower chamber with anode buffer

(3.12.4.1.7) .

Loaded 7 1 and 10 pl of the meolecular weight markers

(3.12.4.4) in Lane A and C, respectively.

Loaded 10 pl of the treated bacteriocin sample
{(3.12.4.4} in Lane B and F and 10 ul of the 1:1 diluted

sample in Lane D and H.

The electrophoresis was carried out at a constant
current of 30 mA until (approx. 4 hr) the marker dye

was within 0.5 cm of the anodic end of the gel.

Disconnected’ the power supply and remcved the gel
carefully. The gel was cut into two halves. O©One half
was stained after fixing in the fixative and the other
half was used to detect the bacteriocin activitv.

N

N,

'3.12.4.7 Fixing, Staining and Destaining of the Gel

The first half of the gel containing protein markers was
transferred to staining solutions (3.12.4.1.1C¢} for 1.E
hr after fixing it in the fixative solution

Transféfred the-qél to destaining soluticon ({3.12.4.1.11)
in the glass tray for 2 hrxr. After eveiy 30 min, the

destaining solution in the tray was replaced with the

fresh one,

The destained gel was observed for the protein tands and
photographed using a Kodak film 200 ASA.



3.12.4.8 Detecticn of the Bacteriocin Activity

* Washed the second half of the gel containing only
bacteriocin sample in the two lanes with deionised
water for 4 hr. The wash water was rsplaced every 30

min with the fresh one for effective cleaning of the

gel.
x Transferred the washed gel to a dried TGE agar plate.

" Overlayed the gel with 10 ml of TGE soft agar (0.8%
agar} containing 50 sl of freshly c¢rown indicator

strain P. acidilactici LB42.

m Tncubated the plate overnighi at 30°C and examined the

gel for the zone of inhibition.

3.12.4.9 Estimation of Molecular Weight

®= The stained gel was superimposed on tie gel used to

detect the bacteriocin activity,

¥ Acoproximate molecular weight of the activity-band was
gstimated by comparing the centre of the zone of the
inhibition with the molecular weight marikers.

3.12.5 ENZYME SENSITIVITY

3.12.5.1 Enzymes

Proteolytic enzymes used were: Trypsin,
Chymotrypsin, Pepsin, Ficin, Papain, Proteinase-K,
Pronase-E, Protease I, IV, XIIiI, XVI anrd X¥XIZI. . The
non~-proteolytic enzymes included: o-amylase, pB-amylase,

Lysczyme, RNase-pA Lipase and Catalase.
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Catalase (2,00,000 EU/ml) was procured from BDH
Chemicals Ltd., England while all other enzymes were
" obtazined from Sigma Chemicals Co., USA.

All the enzymes, excepft pepsin, were dissolvesd in
sterile S0 mM phosphate buffer (pH 7.0} at a

concentration ¢f 10 mg/ml, whereas pepsin was dissolived

in 0.02 ¥ HCL.
3.12.5.2 Procedure

Cne hundred microlitres of neutralised c¢rude
bacteriocin containing 780C: AU and 100 nl of l:l_diluted
purified bacteriocin containing 10000 AU were ﬁsed and
the rest of the procedure remained same as given in 3.5.3
except that before transferring to the water bath,'the pH
.of the pepsin treated samples was brought to 7 with o.1 N

NaQH.

The residual activity of the enzyme treatsd sanple

' was estimated as given in 3.¢€,

3.12.5.3 Sensitivity of the Bacteriocin to Protease

Inhibitors Treated O-amylase

3.12.5.3.1 Protease Inhibitors:

Two different protease - inhibitors viz,
phenvimethylsulionylfluoride {(PMSF) and iodcacetamide
were used for inhibiting the contaminating protease (if
any) in the amylase preparationg One hundred millimole
solutions of each Iinhibitor were prepared fresh bby
dissolving 17.42 mg of PMSF and 18.5 mg of iodoacetamide

in 1 ml of distilled water.

93



3.12.5.3.2 Procedure:

To 100 pl of a;amylase {10 mg/ml) in pﬁosphate
buffer (pH 8) added 15 nl of protease inhibitor(s)
(3.12.5.3.1) individually or in combination and after
mixing well incubated the contents for 1 hr at 30°C.

The a-amylase treated with protease inhibitors was
used to inactivate the purified bacteriocin (3.12.2) as

given in 3.5.3.

Contreols consisted © ‘of protease irhibitecrs,
bacteriocin treated with protease inhibitors, singly or

in combination, bacteriocin treated with a-amvlase and

ag-amylase.
3.12.6 HEAT STABILITY

One ml culture broth and one ml of 1:17 diluted
partially ©purified  bacteriocin were subjected to
different heat treatments viz. 63°C/30 min, 75°C/30 nin,
85°C/10 and 15 - min, 90°C/10 .and 15 min, 100°C
(boiling) /5, 10, 15, 30 and 60 min and autoc.aving at
121°C/15 min, éooled on ice immediately and assayed for

the residual activities.
3.12.7 pH STABILITY

3.12.7.1 Crude Bacteriocin

The heat killed culture broths were adjusted to
different pH values ranging from 1-13 with either sterile
.3 N NaOH or 3 N HC1l and the activity was assayed after 2,
8, 24, 168 and 360 hr of storage at 5°C.
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3.12.7.2 Purified Bacteriocin

To 100 pl aliquots of the purified bacteriocin 900
pl of 50 mM buffers of different pH values in the range
of 1-10 were added to attain a final bacteriocin
concentration of 20,000 AU/ml and the bacteriocin
activitf was assayed after 24, 168 and 360 hr of storage
at 5°C,

The buffers used were: HCl-KCl buffer for pH 1 and
2, glycine HCl buffer for pH 3, acetate buffer for pH 4
and 5, phosphate buffer for pH 6 and 7, Tris-HCl buffer
for pH 8 and 9 and glycine-NaCH buffer for pH 10.

. 3.12,.8 EFFECT OF pE ON THE HEAT STABILITY

—

'The crude bacteriocin adjusted to different pH
values in the range of 1-13 as in 3.12.7.1 was subjected
to two different heat treatments viz, 75°C/30 min and
100°C/10 min, while the purified bacteriocin adjusted to
different pH values in the range of 1-10 as in 3.12.7.2
was heated for 10 min at 100°C, cooled on ice immediately
and the residual :activity of both the preparations was

determined after 8 hr of storage at room témperature.
3.12.9 EFFECT OF SURFACTANTS

The ammornium sulfate. precipitaﬁed, dialysed
bacteriocin preparation in distilled water, was mnixed
with a 2% soiutions'of Tween 80, Tween 20, Triton X-100
and SDS to attain a final concentration of 1.0% ¢f the
surfactants. The mixtures were stored at 5°C, The
activity units of the treated samples were determined

after 24 hr of storage.
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The effect of 0.1% and 0.5% SDS was alse studied in

the similar manner.
3.12.1C EFFECT OF SODIUM CHLORIDE

One hundred micrelitre portions of pur&fied
bacteriocin were added to 900 ul of 25 mM Tris-HCl buffer
{pE 7.2) aliquots contzining 0.1, 6.2, 0.3, 0.4, $.5, 1,
2, and 3 M concentrations of NaCl. The residual activity

of the added bacteriocin was assayed after incubation for

24 hr at 5°C.
3.12.11 MODE OF ACTION

The action oI the bacteriocin on the resting cells

Lb. plantarum NCDO955 was determined by the following
method.

5.12.11.1 Preparation of the Cells

Y
\'1

) Ib. plantarpm NCI0955 was grown in TGE bkroth for
16-18 hr at 30°C, centrifuged at 10,000 rpm for 10 min at
5°C, and the cell pellet washed twice with 30 mi
phosphate buffer (pH 6) to remove any mediaz ingredients.

*

3.12.11.2 Procedure

The cell pelilet obtained from 1 ml TGE Dbreoth as
described above was dissolved in 1 ml of 50 mM phosphate
buffer (pH 6] ceontaining four different concentrations of
-bacteriocin wviz. 200, 2000, 20000 and 200000 AU, mixed
well and the viable cell counts were determined after 30
min, 1, 2 and 4 hr by svreading 0.1 ml of the apecropriate
diluticns of each sample made in 0.85% sterile saline.
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The contreol sample without bacteriocin and the
sample with 2,00,000 wunits of ‘bacteriocin were also
monitored for changes in the optical density values at

two different wavelengths viz. 600 and 260 nm after 0, 1,

2 and 4 hr.

3.12.11.3 Bacteriocin Sensitivity of the Survivors

The surviving cells were grown in TGE broth for 24

hr and assessed for bacteriocin. .sensitivity by

spot-on-lawn assay (3.5.4).

3.13 EXTRACTTION OF PLASMID DNA

3.13.1 PEDIOCOCCAL CULTURES

Plasmid extraction from the pediocoécal isclates was

carried out by the method of Anderson and McKay (1983)

with slight modification.
3.13.1 1 Reagents

3.13.1.1.1 6.7% Sucrose~50 mM Tris-1 mM EDTA (pH 8.0)*:

Sucrose 6.70 g
Tris : 0.606 g
EDTA 0.037 g
Distilled waler to 100 ml

3.13.1.1.2 25 mM Tris ~ pH B.0%:

Tris 0.303 g
Distilled water te 100 ml
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3.13.1.1.3 0.25 M EDTA - 50 mM Tris (pH B8.0)*:

EDTA 9.306 g
Tris . 0.606 g
Distilled water toe 100 ml

3.13.1.1.4 20% SDS - 50 mM Tris - 20 mM EDTA (pH 8.0) *:

SDS 20,00 g
50 mM Tris 0.606 g
20 mM EDTA 0.744 g
Distilled water to 100 ml

3.13.1.1.5 3.0 N NaQH:
NaOH 1.20 ¢
Distilled water = to 10 ml
It was prepared fresh just befcre use.

3.13.1.1.6 2,0 M Tris - ECl (pH 7.0)*:

Tris ' 24.23 g (OR!

Tris-HCl 31.52 g
Water . to 100 ml

3.13.1.1.7 5.0 M Scodium Chloride (NaCl)*:

NaCl 29.22 g
Distilled water to 100 ml

3.13.1.1.8 Phenol saturated with 3% NaCl:

To 300 ml of melted phenol, added an equal veolume of
3% NaCl, stirred the mixture on a magnetic stirrer for 30

min. Allowed it tc separate in a separating funnel for
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30 min, collected the bottom. The whole procedure was
repeated twice and the saturated phenol was stored in
dark in an amber colour bottle at 4°C when not in use,

3.13,1.1.9% Chloroform: iscamyl alcohol (24:1}ﬁ

Isoamyl alcoliol 4.0 ml
Chlorcform 86,0 ml

3.13.1.1.10 10 mM Tris -~ 1 mM EDTA (pH 7.5)*:

Tris 0.121 g
EDTA 0.037 ¢
Distilled water to 100 ml

" Autoclaved at 121°C/15 min.

L3

3.13.1.2 Growth and Harvesting_of Cells

Pediococcal cultures were grown overnight in TGE broth
at 37°C.
- Inoculated overnight- grown cultures in 1C =1 of TGE

broth ~containing 20 mM DIL-threonine at the rate of

1'0%!
- Propagated the cultures for 4-5 hr at 37°C
- Harvested the cells by centrifugation ‘at 10,003 rpm for

10 min at 4°C.

3.13.1.3 Lysis Protocel

Step Details of Protocol

Resuspended and harvested cells © 379 ¢l
in 6.7% .sucrose-50 =M Tris-1 mM
EDTA, pH 8.0

- Transferred the conrtents to 1.5 20 min
ml Eppendorf tube and warmed at
37°C



Added lysozyme (15 mg/ml in 25 mM
Tris, pH 8.0)

Incubated at 37°C

Added 0.25 M EDTA-50 mM Tris, pH
3.0

Added sodium dodecyl sulfate (20%

W/V)in S0 mM Tris-20 mM EDTA, pH
8.0

Mixed immediately

Incubzated at 37°C to complete
lysis

Jortexed at highest satting
Added fresh 3.0 N NaCH

Mixed the contents gently by
intermittent inversion or

swirling

zdded 2.0 M Tris-hydre chloride,
pH 7.0 .

Continued gently mixing
£dded 5.0 M NaCl

Added phenol saturated with 3%
~ NaCl, mixed thoroughly

Centrifuged
Removed upper phase to a fresh
tube

Added chloroform - 1iso amyl
alcohol (24:1)

Centrifuged

Uvper phase transferred to a new
tube

100

10 min

30 sec
27.6 nl
10 min

49,6 ul

3 min
71.7 1l

700 pl

12,000 rpm/5 min

700 nl

12,000 rpm/1 min



Precipitated the DNA with 1 Vol.
isopropanol

- Incubated at 0°C Overnight
- Centrifuged 12,500 rpm/15 min
- Removed excess propanol and” 20 gl

pellet resuspended in 10 mM
Tris-1 mM EDTA, pH 7.5

All the reagents were miéed immediately after
addition by vortexing momentarily at low speed, with the
exception of 3 N NaOH and the 2.0 M Tris-HC1, pH 7.0.
These reagents were mixed by inversion. Centrifugaticns
were performed at room temperature ir an Eppendorf

centrifuge,
3.13.2 EBCHERICHIA CULI'V517‘

Plasmids of known molecular weight from E. cell V517

were 1isolated by Large BScale alkali lysisz method

described by Sambrock et al (1989).

3.132.2.1 Eggggggg.

3.13.2.1.1 8TE (0.1 M NaCl-10 mM Tris~1 mM EDTA, pH B.0Q):

NaCl 0.584 g
Tris 0.121 g
EDTA ' 0.037 g
nDistilled water to 100 ml

3.13.2.1.2 8Bolution I ({50 mM glucose-25 mM Tris-10 mM
EDTA, pH 8.0):

Glucose G.901 g
Tris 0.303 g
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EDTA . 0.372 g
Distilled watex to 100 ml

3,13.2.1.3 Lysozyme buffer (10 mM Tris, pH 8.0):

Tris 0.121 ¢
Distilled water to 100 ml

3.13.2.1.4 Solution II (1% SDS in 0.2 N NaOH):

5DS - 1.0 ¢
NaQH to 100 mi
NaOH was freshly diiuted from a 10 N stock.

3.13.2.1.5 Solution III (5 M Potassium acetate-acetic

acid-water):

5P Potassipm acetate 60 ml
Glacial acetic acid 11.5 ml
Distilled water 28.5 ml

The resulting solution is 3 M with respect to

potassium and 5 M with respect to acetate.

5 M potassium acetate was prepared by dissolving

49.070 g in water and making the volume to 100 ml.

3.13.2.1.6 TE Buffer (10 mM Tris-1 mM EDTA, pH 8.0):

Tris ' 0.121 g
EDTA 0.037 g
Distilled water to 100 mi
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3

.13.2.2 Growth and Harvesting of the Culture

Incculated 500 ml of LB broth with 5 ml of E. coli V517
culture grown gvernight at 37°C in LB broth.
’Incubated the culture for 18 hr at 37°C with vigorous
shaking {300 cycles/min} on a rotary shaker.
Harvested the cells by centrifugation at 4,000 rpm for

15 min at 4°C.
Resuspended the bacterial pellet in 100 ml of ice-cold

STE.
Collected bacterial cells by centrifugation at 4,000

rpm for 15 min at 4°C.

,13,.2.3 Lysis of the Cells

The harvested cells were lysed by alkali’ to extract

plasmid DNA.

Resuspended the washed bacterial pellet in 18 ml of
Solution I.

Added 2 ml of freshly prepared solution of lysozyme (10
mg/nl in lysozyme bufier).

Added 40 ml of freshly prepared Solution XT.

Closed the bottle, nmixed the contents thoroughly by
gently inverting the bottle several times and stored
the bottle at room temperature for S$-10 min.

Added 20 ml of ice-cold Solution III.

Closed the bottle, mixed the contents by shaking the
bottle several times, and stored the bottle on ice for

10 min.
A flocculant white precipitate of chremosomal DNA, high
molecular weight  RNA, and potassium/SDE/protein/

membrane was observed,
Centrifuged the bacterial liysate at 4,000 rpm for 15
min at 4°C. Allowed the rotor to stop without braking.
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- Filtered the supernatant\through four layers of cheese
cloth into a 250 ml centrifuge bottle.

— Added b.s.volume of isopropanol, mixed well and stored
the bottle for 10 min at room temperature.

- Recovered the nucleic acids by centrifugatic- at 5,000
rem for 15 min at room temperature.

— Decanted off the supernatant carefully, inverted the
open bottle to allow the last drops of supernatant to
drain away. Rinsed the pellet and the walls of the
bottle with 70% ethanol at room f{enmperature. Drained
off ethanol and placed the inverted, open boitle on &
pad of paper towels for a few minutes at roonm
temperature to allow the final traces of sThanol to
evaporate.

- Dissolved the pellet of nucleic acid in 3 =1 of TE
buffer.

3.14 AGAROSE~GEI, ELECTROPHORESIS OF PLASMID bNA

3.14.1 REAGENTS

3.14.1.1 Tris-Acetate-EDTA (TAE) Buffer

3.14.1.1.1 Stock Solution (50 X):

Tris 24.20 g
0.5 M EDTA (pH 8.0} 10.00 ml
Glacial acetic acid 5.71 ml
Distilled water to 100 ml
pH of the above solution was not adjusted. The

solution was sterilised by autoclaving at 121°C/%5 min.
3.14.1.1.2 Working Solution (1l X}:
Working solution was prepared by diluting 1 ml of

stock solution to 50 ml with distilled water.
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3.14.1.2 Gel Loading Sclution pH 8.0

Bromophénol blue 0.05 g
Sucrose 40.00 g
EDTA 3.72 g
5D3 0.50 g
Distilled water to 100 ml

3.14.1.3 Staining Solution

3.14.1.3.1 stock Solution {10 mg/mlj):

Ethidium bronide (EtBr] was prepared as a stocx
solution of 10 mg/ml in water, stored at room tszmperature
in screw cap tubes wrapped in aluminium foil.

3.14.1.3.2 Working Solution (0.5 pg/mi): .

Prepared by adding 50 nl of stock solutior to 1 lit

of distilled water.

3.14.1.4 Agarose Solution {0.7%)

Bppropriate quantities of agarose to obtain &
concentration of 0.7% was weighed into 1X TAE huffer in
an Erlemmeyer flask. The mini gel (7 em = 10 om)
required about 25-30 ml of agarose solution while it was
80-90 ml for maxi gel {15 cm x 10 ch.. Agarose was
melted by heating the flask in a microwave oven (BPL
Sanyo, Tndia) stopping the oven every 30 seconds and
swirling the flask gently.  The melted agzrose was
allowed to cool to 50°C before pouring into the c¢el tray.

3.14.2 PROCEDUEE

Agarcse solution cooled to almost 50°C was poured in
the gel tray on a levelled surface with comb (%, 312, 13

105



or 20 teeth) positiconed on’the walls of the tray so that
it was 1-2 mm above the base of the gel tray. Agarcse
was allowed to harden for 45-60 min at room temperature
after which the comb was carefully removed taking care to
prevent the whole gel being lifted out of the tray. The
gel tray was then transferred to the centre of the
electrophoresis. buffer tank (Hoefer, USA for mini gel and
Biorad, USA for maxi gel) and the tank was f£illed with 1X
TAE puffer until there was a 1-2 mm laver of buffer over
the surface of the gel. To each of 20 pl of plasmid DNA
sample added was 5 pl ©f gel loading solutibn, gently
mixed using & micro pipette and then was spinned
momentarily. The sample was then icaded into the wells
with marker plasmid DNA from E. celi VIi7 being loaded
each time in the first well. The electrcchoretic run was
carried out at 45 Vv (3.75 v/cm) for 3 hr or 45 V (1.5
v/cm) for 7 hr for mini and maxi gelsé respectively by
which time the tracking dye, bromophenol blue, had
reached the other end., The gels, after the xun, were
stained in ethidium bromide seolutica (0.2 ug/mi) for 30
min and briefly destained for 10 min in distilled water,
The gels were then viewed under UV-light on a
Uv-transilluminator (Foto/UV-21, Fotodyne Inc., USA) for
the wisualisation of DNA bands and photographed using a
polaroid camera (MP-ST Photographic System, Fotodyne
Inc., USA) loaded with a polaroid type 667 pack Lilm.

3.15 DETERMINATION OF MOLECULAR WEIGHT OF PLASMID DNA

The molecular weight of the plasmids extracted from
the test cultures was determined by the method deseribed

by Rochelle et al (1985).

The distance moved by various plasmid bands on the
agarose gels from the centre of the wells was recorded in

jiiiz A standard curve was drawn Dy plotting the log
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values of the molecular weights o©f ‘marker plasmids from
E. coli V517 on X-axis and the corresponding log values
of distances moved on Y-axis. The molecular weight of
the plasmids isolated from the pediococeal-cultures was
calculated by extrapolation of the log wvalue of the
distance moved by the respective plasmid band.

3.16 CURING OF BACTERIOCIN PRODUCTION (Bac‘) PHENOTYPE

3.16.1 GROWTH AT AN ELEVATED TEMPERATURE

TGE broth inoculated with the overnight grown parent
culture was incubated at 45°C for 3 days.

3.16.2 GROWTH IN THE PRESENCE OF CHEMICAL AGENTS

-

'ﬁ . TGE bﬁbﬁﬁ tuﬁéslcontaining different concentrations
'cf‘varibng\curing'agents viz., acridine orange (50-250
gg/wl), acrifiavine (10-50 ug/ml), ethidium bromide
(10-50 pg/ml) and novobiocin (10-100 pg/ml) were
inoculated with the parent culture and incubated -at 37°C
for 24 hr. The growth in the tubes was visually examined
and three consecutive transfers of the parent culture
were made in TGE broth containing 30 ug/ml acriflavine,
200  pg/ml acridine orange, 40 pg/ml ethidium bromide and
7bp§/m1 novobioccin with incubation at 37°C for 24 hr each
time. )

3.16.3 COMBINATION OF ELEVATED TEMPERATURE OF INCUBATION
AND INTERCALATING AGENTS/ANTIBIOQOTICS

TGE broth tubes containing acriflavine (5-1§ ug/ml},
ethidium bromide {10-20 gg/ml) and novobiccin {30-50
ug/ml) were inoculated with the parent culture and

incubated at 45°C/3 days.
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3.16.4 SCREENING FOR BAC™ VARIANTS

3.16.4.1 Simultaneous Antagonism

Loopfuls of the culture from each treatment
described above were streaked on TGE agar and incubated
at 37°C for 24 hr. 'The colonies developed were stabbed
with the help of a sterile tooth pick into the indicator
lawn prepared by pouring 5 ml of TGE soft agar cn a dried
TGE agar surface seeded with the overnight grown
indicator culture. The plates were incubatef at 37°C
overnight and examined for the colonies without zones of

inhibition surrounding them and were designatei as Bac’

variants.
3.16.5 CURING EFFICIENCY

Curing efiiciency was .calculated by using the

formula:

Percent Curing Efficisncy — Number of cured variants X 100

Total number of celonies
3.16.6 CHARACTERISATION OF BAC™ VARIANTS

3.16.6.1 Plasmid Profile . %

Plasmid DNA was isolated from the Bag variants by
the method of Anderson and McKay {1883) as desctribed in
3.13.1 and the plasmid profile of both the parerr and the
cured variants was compared fto ascertain the genetic

elements involved in the bacteriocin production.
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3.16.6.2 Sensitivity or Resistance to Bactericgocin

The sensitivity or resistance of Bac- wvariants to
the bacteriocin produced by the parent culture was

determined by the agar-well assay described in 3.4.2.

3.16.6.3 Antibiotic Sensitivity

The method employed was essentially the same as that
of agar-disc assay described in 3.4.2 except that
commercially available discs of different antibiotics (Hi
Media, Bembay) were placed on the lawns of Bac' strain and
Bac® variants and antibiotic sensitivity was defined as
the presence of at least a 2 mm zone of growth inhibition

arcund a disc.

" 3.16.6.4 Carbohydrate Fermentation

The ability of the Bac’ strain- and Bac® mutants to
fernent and produce acid from various carbohydrates was

exanined by the method given in 3.7.3.8.

3.17 CONJUGATION STUDIES

3.17.1 DONOR

The bacteriocin producing culture, P.

pentosaceus 34 (Bac® Bac® Em°) was used.as the donor
strain.
3.17.2 RECIPIENT

Plasmid free derivative (Bac®™ Bac Em°}] of P.

pencosaceus 34 used as the recipient was prepared as

under:
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The mutants resistant to erythromycin (20 ug/ml) of
plasmid free Bac® Bac® Em® derivative of P. pentosaceu}s 34
were isolated by sequential selection on MRS agar
fortified with increasing concentrations of erythromycin.

It was made sure that the donor strain would not

qrow on the selective agar during conjugation

experiments.
3.17.32 PREPARATION OF DONMOR AND RECIPIENT STRAINS

The donor étrain was grown in MRS broth while the
recipient in MRS broth containing erythrecmycin 20 pg/ml)
and the cultures were 1inoculated at 1% laevel and
incubated at 37°C for 3.5-4.0 hr to grew to an optical
density of 0.6 at 600 nm. The donor and the recipient
cells were mixed in 1:1 and 1:10 ratios in 1.5 ml
microfuge tubes and immediately centrifuged at’ 10,000 rpm
for 5 min, Thé‘pellEt was washed twice with 1 ml of
'saline (0.85% NaCl) and resuspended in 102 ul of the same

for mating experiments. -

3.17.4 SOLID. SURFACE MATING

The donor and the recipient cell mixture (100 pl)
prepared as above was spread on non-selactive agar and

incubated at 37°C for 24 hr.
3. i? .5 FILTER PAPER MATING

The donor and the recipient mixture was placed on
sterile 0.2 pm 25 mm diameter sterile membrane Filter in
TGE agar plate and the broth was allcocwed tc diffuse
through the agar for 1 hr after which the membrane was
transferred to a fresh agar plate with upside down and

incupated at 37°C for 24 hr.
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3.17.6 SCREENRING FOR BAC" TRANSCONJUGANTS

The growth from the above mating experiments was
removed into saline; appropriate dilutions made in salips
were plated on selective TGE agar containing erythromycis
(2% ng/ml). The plates were lncubated at 37°C for 48 hr
and the developed colonies were screened for bacteriocin
production by simultaneous antagonism as described iz
3.26.4.1 and the plates were examined for colonies

ex~ibiting zones of inhibition around them.

3.18 EFFECT OF BACTERIOCTN ON THE CROWITH OF L.
MONOCYTOGENES IN SKIM MILK

The effectiveness of the bacteriocin in centrolling

the L. monocytogenes MTCC657 in sterile skim milk was

assegsed.

Listeria monocytogenes MICCE657 grown in BHI broth at
37°2 for 16-18 hr was centrifuged {10,000 rpm/13 min) in
reivigerated centrifuge, washed the pellet thrice with £
mM sterile phosphate buffer (pH 6} and suspended in the
' sars buffer to the original broth volume. The c¢slls thus
prepared were used to incculate sterile sxim ‘milk
(121°C/15 min) at the rate of 1%. ~ The bacteriocin
solution was added to the skim milk containing L.
morocytogenes to obtain a final concentration of 200‘and
2000 AU/ml. The viable cells of control and experimental
sanrples were estimated by plating on BHI agar affer 0, 1,
4, 7, 10 and 15 days of storage at 5°C. The control tube

f

{wizhout - bacteriocin} contained only acded L.

morocytogenes MTCC657.
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4. RESULTS AND DISCUSSION

The results obtained in the present investigation on
the isolation of pediococci from milk and milk products,
screening of pediococcal isclates fcr  bzctericein
activity, optimisation of cultural and environmental
parameters for bacteriocin preduction, partial
purification and characterisation of the bacteriocin,
genetic determinants encodiﬁg bacteriocin production &and
host cell immunity in the selected pediccoccel isols?t
(P. pentosaceus 34) and effectiveness of the bacteriocin
in controlling the growth of L. monocytegenes ir milk are
" presented in Tables 4.1 to 4.30, Figs. 4.1 to 4.15 znd
Plates 1 to 18. |

4.1 ISOLATION OF PEDIQCOCCI FROM MILK.AﬂD MILK PRCDUCTS

‘A total number of 1030 well isolated coloniss (Table
4.1Y on Rogosa {SL) acetate agar plate§ obtzined by
plating 25 different milk and milk products comzrising 3
bufialo raw milk, 2 raw cream, 3 dahi and 1 Cheddar
cheese samples were transferred to MRS broth,incubated at
3f°C and subsequently examined microscopically ZIZor shape
and atrangement of cells after Gram's staininc and gas
producticon. As there is no selective medium avallable in
the literature for the isolatien of” pediocczei, the
selective medium for lactobacilli developed by Rogosa et
al {1951) which also permits the growth of pediozocci and
leuconostocs was used for the isclation of psadiococci
from different milk preducts. Since lactococci znd other
streptococci do not grow on Rogosa (3L) acetate =zgar, the
gas forming Gram positive cocci and lenticular shaped
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Table 4.1 : Distribution of lactic aecid bacteria from
different dairy products

Product No. of No. of different lactic zzid bacteria

samples
Lactobaci- Leucoﬁ%t—'Pedic:o— Total
11i oCs coi
" Raw 5 165 ' 30 5 200
Mizk
Cream 2 60 20 - 80
Naxi 3 135 15 - 150
Cheddar i5 525 ' 35 40 600
chease :
Total 25 885 100 45 1030
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cells occurring in pairs and chains were counted as
leuconostocs and the ‘non-gas forming Gram positive rods
were considered as lactobacilli. The Gram positive ccocl
that appeared in pairs and tetrads (Plate 1} without any
gas production were taken to Dbe pediococcl. The
distribution of  lactic  acid  bacteria comprising
lactebacilli, leuconostocs and pediococci isolated from
milk and milk products in general and Cheddar cheese at
different stages of ripening in particular 1is shown 1in
Tabhles 4.1 and 4.2 and Figures 4.1 and 4.2, respective.y.

An appraissl of the data recorded in Table4.l
indicates that the lactobacilli constituted the majorizty
of the 1lactic acid Dbacteria examined followed by
leuconostocs and pediococci. The respective numbers of
lactobacilli, leuconostocs and pediococci isolates were
885, 100 and 45 and similarly the percent distribution
Eer the three genera was.85.9, 9.7 and 4.4.

N

N The percent distribution of lactobacil i,
leuconostocs and pediococci in raw milk, cream, dahi and
Cheddar cheese is presented in the-form of a pis diagram
(Fig. 4.1). The percent distribution of lactobacilli was
82.5 (raw milk), 75 (cream}, 20 {dahi) and 87.5 (Cheddar
cheese). The corresponding values for leuconcstocs in
the respective products were 15, 25, 10 and 5.8.
Although pediococci could not be isolated from cream and
dahi under the isolation conditions emploved in the
present study, they constituted about 2.5% and 6.7% of
the total isclates obtained from raw milk and cheddar
cheese (Fig. 4.1}. It can also be observed “rom the
table (4.1} that out of the total number of I5
pediococcal isolates, 40 isolates (89%) were ZIrom 15
Cheddar cheese samples and the remaining 5 isclatas fllé)

were from 5 raw milk samples,
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Plate 1. Photomicrograph showing the shape and
arrangement of cells of a pediococcal
isclate (X 2000) . -

(Arrow indicates a typical tetrad pattern)

1s
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| 2.5%
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Raw Milk _ : Cream
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@ Lactobacilli [ Leuconostocs M Pediccecei

Fig. 4.1 Distribution of lactic acid bacteria
from different dairy products



The distribution of lactic acid bacteria in Cheddar
cheese at different stages of ripening 1is given in Table
4.2 and Fig. 4.2. The perusal of the data presented in
Table 4.2 indicates that out of a fotal number o©of 600
isolates obtained from 15 Cheddar cheese samples,
majority of the isolates (S25) were found to Dbe
lactobacilli. The number of isolates belongirng to the
genus Leiuconostoc were 35 and to the Pediococcus were 40,
The percent distribution of lactobacililii, leuconostocs
and pediococcl was 87.5, 5.8 and 6.7, respectively, It
is alsc evident from the Fig. 4.2 that 1lactobacilli
remained the dominant non-starter lactic acid bazteria of
Cheddar cheese at all stages of ripening period as they
constituted 100%, 98.3%, 95%, 80%, 79.2% and 7Z% of the
total isclates examined at 1, 2, 3, 6, 8 and 12 mo
intervals of the ripening period,- respectivély. The
leuconostocs were not found in 1 mo: old cheese samples.
However, they accounted for 1.7%, 5%, 5%, 10% and 22.5%
of the total isolates obtained from cheszses of 2, 3, 6, 9
and 12 m of age. On the other hand, pediocczci were
absent in cheeses of 1, 2 and 3 months of ripenizg. They
appeared late in the cheese ripening period siace they
could be isoclated. from 6, 9 and 12 months old ripenedv
cheese samples. The percent distribution of pediococci
was 15, 14¢.8 and 7.5 in cheese samples after 6{ 3 and 12

months of ripening, respectively.

Lactic acid bacteria belonging t¢ the genera
Lactobacillus, Leuconostoc and Pediococcus were isolated
from different milk and milk products. The pediococci
could not be isolated from dahi and c¢ream with the media
and other cultural conditions empleoved in the isolation

procedure.

The fact that milk is free from lactebacilli when it

leaves the udder but gets - easily contaminated with
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Table 4.2 : Distribution of lactic zecid bacteria isclated
from Cheddar cheese at different stages of
ripening

Age of No. of No. of different lactic acid kacteris
cheddar samples

cheese
(months) Lactobaci- Leucoﬂ%t— Pedicco- Total
ili oCs cri
1 2 - 8¢ — - g0
2 3 118 2 - 120
3 .2 ‘16 4 - . . 80
6 g 128 8 24 160
] 2 a5 12 13 120
12 1 28 o 3 40
Total 15 E25 35 40 6800
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lactecbacilli with - feeds, silage, dust, dairy utensils
etc. {Kandler and Weiss, 1986) may also hold trus for
leuconostocs and pediococci which also occur zleng with
lactobacilli in plant environments (Garvie, 1886a,b).
The pediococci are generally present in silage {Langston
and Bouma, 1960), the rumen and saliva of catiflez {(Gunther
and White, 1961). The presence of pediococci irn raw milk
reflects the contamination of milk from any or zll of the
above sources. Relatively lesser ocourrance of
leuccnostocs (15%) and pedioccocci (2.5%) in comparison to
lactobacilli (82.5%) in raw milk could be due to the fact
that milk is a peoor growth medium £or leuscnostocs
(Garvie, 1986a) and pediococeci (Garvie, 188%: since
organisms of both these genera can not utilisz lactose
and also other- required growth £factors are unavailable
- for their growth. The presence of pediococcl ‘;n. low
numbers (13 isclates) has alsc been reporfed ir raw goat

rilk {Tzanetakis and Litopoulou-Tzanetaki, 1989}.

Attempts to isolate pediococei from dahi znd cream
were not successful and the microflora of ooth the
products consisted ‘primarily of lacteobacilli and
leuconostocs. In addition to the lactic streptococci,— ¢
the starter cultures of dahi consist of aroma zroducing )
leuconostocs with or without ILactobacillus sp. (I5: 7035,
1973). The general method o¢f dahi manufacture involves
the heating of milk at 80-90°C for 15-30 min which
deétroys the pediecocci, r. pentosaceus and P.
acidilactici, commenly found in milk ard milk products
{Garvie, 1986b). The 1isolation of lactobacillii and
leuconostocs from c¢ream would be attributed to the
contamination of c¢ream with lactobacilli. frcm  cream
contact surfaces and also with leuconostecs which are
components of butter cultures. The very low numbers of

dahi (3} and cream (2} samples used for the isolztion of
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pediococeci could also be one of the reasons for failure

to izsclate pediococei. from these sources.

Ripening of cheese is a very dynamic¢ systen and the
nicroflora cof Cheddar cheese keeps on changing regularly
during this process. The lactic strepiccocci added &s
starters in the manufacture of cheese die ouz rapidly
during the early stages of ripening whersas the
non-starter lactic acid bacteria (NSLAB) comprising -~
I lactobacilli, leuconostocs and pediococcl

-

predominate the microflora of cheese at later stages of
ripening. The lactcbacilli however, domihated the NSLAR
of Cheddar cheese atlt all the stages of ripening (Fig.
4.2) in this study which is also in agresment with the
earlier findings {Darce, 1958b; Prentice anrnd Brewn, 1983;

Litopoulou-Tzanetaki et al., 1989; Jorden anrnd <Logan,

1943; McSweeney =2t al., 1893). In the present study
leuconostocs could be isolated f{rcm cheeses even after
one year-. Similar observations were ezrlier made by

Prentice and Brown (1983) and Litoposulou-Tzanetaki et al

{1989).

Fifteen Cheddar cheese samples at 6 different stages
of ripening were examined and 43 (6.7%) pediococcal
strains among 600 non-starter lactic acid bacteria were
isplated. The pediococci were found in the 6 me to 1 yr
ripened cheese samples. Litopeulou~Tzanetaki et al
(1989} also observed late appearance (6-12 mo) witih a low
incidence {1%) of pediococci in American Cheddar cheese.
The slight difference observed in the ocourrence of
pedioccocci reflects the degree of contamination of raw
milx employed in the cheese manufacture. on the other
hand, Darce (1958b} had reported a very high Ingidence
{25-33%) and early appearance (1-12 mo) of gediccocci in
New Zealand Cheddar cheese samples. The cbserved anomaly

could be attributed to the ripening of Cheddar cheese at
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room temperature. Elliott and Mulligan (1268) also
observed low levels ({1%) of pediococci in the young (4

weeks old) Canadian Cheddar cheese.

The isolation of pediococci from several other
cheeses has also been described including Grana
{Bottazzi, 1958}, Parmesan (Bottazzi, 1959; 1260}, 59
isoclates from UK Cheddar (Fryer and Sharpe, 1966), 20
isolates from Canadian Cheddar (Elliott and Mulligan,
1968}, 15 from mild to sharp (refer to age} American
Cheddar cheese (Keenan et al., 1%968), 21 from Manchego
(Nunez, 1976), Kashkaval (Andric and Sutic, 1980) and 24

isnlates from Feta and 46 from Kaseri {Tzane-skis and

Litopoulou—-Tzanetaki. 1983).

4.2 SCREENING OF PEDIOCOCCAL ISOLATES FOR THEIR
ANTIBACTERIAL ACTIVITY -

Forty <five pediococcal isclates obtained\ from
buffalo raw milk and Cheddar cheese samples were screened
for their antibacterial activity against variovs lactic
and non-lactic cultures by three different assays viz.
agar~spot assay, agar-well assay and acar-disc assay.
The cbservations made in these studies are presasnted in
Tables 4.3, 4.4 and 4.5 and‘Plates 2, and 3.

out of the total number of 45 pediococcal isolates,
only five isolates viz. isolate numbers 12, 1€, 21, 28§
and 34 showed antibacterial activity against all the four
lactic cultures made use in the agar—s?ct assay (Table
4.3). The inhibition by all the five isclates was very
strong against Lb. plantarum NCDO955 and 2, acidiiactici
LB42 as diameter of the zone of inhibition ranged from
31-40 mam, The pediococcal isolate MWo. 34 exhibited a
strong inhibitory activity (dia. of zone of irhibition
was 21-30 mm} against Lb. plantarum NCDC21 and Leu.

172

-



L3

Table 4.3 Screenihg of pediccoccal isdlatas for antibacterial activity by agar-spot assay*

Indicator Bacteria

Izsplate

No Lb. plantarum .Leu. . P, acidilactici L. monocytcgenes' B, cereus 5. aureus
) masenteroides

NCDO HCDC LY LB 42 MTCC MTCC NCDC NCDC

955 2y . 657 1143 66 110
i-11 - - - + + + 4

12 + + + + + + o+ 4 + + + + + o+
13-15 - - - 4 + 1 ) +

.. 16 ot o4 + T 3 F o+ 4 vt T
S y7-20 -~ - - + + + +
21 i+ r o+ + [ i P SR bF b
22-25 - - - + 4 + +

20 o+ o+ ¥ + + + o+ F + + N + +
27-33 - - : - + + # *

34 + 4+ + + S+ % + + o+ + + ¥ + 4 + +
35-45 - - - 4 + N ¥

* Diameter of inhibitory zone {(mm}

-
*

11-20
21-30
J1-40
Absence
of zone

—



mesenteroides LY while ' the same indicators were
moderately inhibited (zone of the inhibition 11-20 mm) by
the isolates 12, 16, 21 and 26. None of the remaining 40
pediococcal isolates showed inhibitory activity against
any of the lactic indicator strains in the agar-spot
assay. All the 45 pediococcal 1isclates displayed
moderate to very strong antibacterial activity against
all the non-lactic cultures in the agar-spot assay.
However, among them the inhibition by the five isolates
i.e. isolate numbers 12, 16, 21, 26 and 34, that had
inhibited all the lactic cultures, was relatively much
stronger against L. monocytogénes MTCC657 and L.
mondc}togenes MTCC1143 followed by B. cerens NCDC66 and
Staph. aureus NCDC110. While the pediococcal isolatestha
had failed to inhibkit any of =the lactic indicator
organisms exhibited a moderate antibacterial activity
aqaiﬁst :all the non-lactic cultures 'in the agar-spot

assay-

“ In the agar-well and agar-disc assays, the
‘cenérifuged and filter sterilised cell free supernztants
of padiococcal isolates grown 1in MRS broth (bH 6.5) at
37°C for 24 hr were used in checking the antikacterial
activity against all the eight indicator strains. The pH
of the culture supernatants was in the range of 3.6-4.0

and the results are given in Tables 4.4 and 4.5,

reépectively,

The pediococcal isolate numbers 12, 16, 21, 26 and
34 displayed a very strong inhibitory aEtivity (dia. of
inhibitory zone 20-25 mm) against Lb; plantarum NCDOS53
and P. acidilactici LB42 I the agar-well assav (Table
' 4.4). The inhibition of Lb. plantarum NCDC21 and Leu.
mesentercoides LY by fhe isolate 34 was rather less strong
(dia. of the inhibitory zone 15-19 mm}, while these two
indicator strains were moderately :(dia. of the zcne of
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Table 4.4 : Screening of pediococcal isolates for antibacterial activity by agar-well assay*

Indicator Strains

Is;late Lb. plantarum Leu., P. acidilactici L. monocytogenes B. cereus §. aureus
o megenteroides
- NCDO NCDC LY LB 42 MTCC MICC ~ NCDC HCDC
95% 21 €57 1143 56 110
1-11 - - - . - - - + +
12 + + + + + + + + + o F + o+ + +
13“‘15 - et -’ . - - —_ e 1
= 16 + 4+ 4 + + + 4+ + + o+ + + 4 & + +
V1720 - - - - Q - - + +
21 + + + R + L + o+ * +
22-25 . - - - - - " "
26 + o+ 4 + + ' o+ 4 + &+ + o+ o+ + +
27-33 - - - - - - + +
34 + + o+ 3o+ o+ ¥+ o+ + + + + 4 ¥ + +
35-45 - ~ - - - - + s
* Diameter of inhibitory zone {mm} : 10-14 +
' 15-19 ¥
20-25 + b &
Abzence
‘of zone -

{<. & mm}



inhibition 10-~14 mm} inhibited by isclate numbers 12, 16
21 and 26: The remaining 40 isolates, as in agar-spot
assay, failed to inhibit any of the four strains of

lactic indicator organisms.

The five isolates showing the inhibition cf the four
lactic strains displayed a very strong inhibitory
activity against L. monocytogenes MTCC657 and L.
monocytogenes MTCCL143 when tested by agar-well assay
(Table 4.4). However, they were found to be moderately
inhibitory to B. cereus NCDC66 and Staph. aurens NCDCL10.
The remaining 40 isolates of pediococci that haed shown
moderate zone of inhibition against the two strains of L.
monocytogenes in agar-spot assay, however, did not show
inhibition of both the strains in agar-well assay and
were observed to be rather moderately inhibitory to B.

ceréus NCDC6E6 and Staph. aureus NCDC110.

The results pertaining to the scresning ot
bediécoccal igolates for antibacterial activity by
agar-disc assay are presented in Tabie 4.5. The-pattern
of inhibition of indicator straing by the. culture
su?ernatants of the pediccoccal Isolates observed by
agar-disc assay {Table453y was almost similar to the one

observed by the agar-well assay (Table 4.4).

The inhibition of lactic acid non-lactic indicator
strains by the pediococcal isolates in the three assay
systems has also been shown in Plates 2 and 3,

respectively.

Agar-spot assay is one of the most sensitive and
widely used bloassays for the detection of mnmicrobial
anfagonism. The antagonistic activity observed against
various indicator strains in this assay is the cumulative

effect of all the antimicrebial metabolites secrefed by
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Table 4.5 : Screening of pediococcal iscolates for antibacterial activity by agar-disc assay*

Indicator Strains

Lzl

Isolate "7y plantarum Leu.  P. acidilactici 1. monocytogenes B. cereus 5. aureus
No . mesentercides : : -
NCDO 255 NCDBC 2] . LY LB 42 MICC &57 MTCC NCDC 66 NCDC 110
' : 1143
1-11 - - - - - - + +
12 + o+ o+ + + ' + o+ L T + +
13-15 T - - _ C- ' - - + +
ié + + + + . + + o+ ok + o+ o+ + + 4 + +
17-20 - - = - ' - - - + +
21 B + + ' + + + + + + + + + + +
22~25 . - - - - - - + +
26 S S 5 + + + 4+ o+ + + ¥ + + + + +
27-33 - - - - - - + +
34 + o+ o+ + + + + + o+ o+ + + + + + + + +
35-45 - - - - - - + +
* Diameter of inhibitory zone {(mm) : 10-14 4
15-18 + o+
20-24 o+ o+
Absence a
‘of 2one -

(< S mnj



Plate 2. Antibacterial activity of pediococcal
iscolates against lactic cultures

A : Lactobacillus plantarum NCDOS55
B : Pediococcus acidilactici LB42

a) Agar-spot assay
b) Agar-well assay
¢) Agar-disc assay

1) Pediococcal isolate 33

2) Pediococcal isolate 35
3} Pedicceoccezl isolate 34
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" Plate 3.

Antibacterial - -activity‘. ef pediococcal
isolates against pathogenic bacteria

A : Bacillus cereus NCDC66
B : Listeria monocytogenes MTCC657.

a)

.b)

c)

1)
2)

"3)

Agar-spot :assay
Agar-well assay
Agar-disc assay

Pediococcal isolate 33,

Pedioccccal isolate 35
Pediococcal -isclate 34
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the test culture.into the medium that get concentrated
and diffused around the spot of the test culture(producer
strain) much before the indicator is added. Out of 45
isoclates, the failure .of 40 -pediococcal isolates to
inhibit lactic indicator strains in the agar-spot assay
reveals that the concentration of antibacterial
substances such as organic acids, bacteriocin etc,
secreted by them was mnot sufficient {o antagonise the
lactic cultures. The pH of all the pediccoccal culture
supernatants used in the agar-well and agar-disc assays
was in the range of 3.6-4, In spite of this low pH, the
same 40 isolates once again failled to inhibit lactic
cultures in both the assays, further substantiating the
fact that indicator strains were ingsensitive to +the
concentration of organic acids produced by The fest

cultures.

" A large number of bacteriocins of laciic acid
bacteriz have a narrow spectrum of antibacterial activity
and are usually active against closely related baéteria.
Thgs, selecticon of lactiec acid bacteria wkhich are
-relatively insensitive to the concentration’ of crganic
acids encountered in the screening procedures as
indicator strains enﬁances the wprobability of the
detection of bacteriocin-like activity. Lactic acid
bacteria have been widely used as indica:oré of
antagonistic activity while screening isclates belonging
to- the genera Lactobacillus (Garriga et al., 1993;
Jimenez-Diaz et al., 1993; Vignoleo et al., 1993; ten
Brink et al., 1994), Levconostec {Mathieu et al., 18983;
Yang and Ray, 19%4a), Pedioccoccus {(Strasser-de-Sazad and
Manca-de~Nadra, 1993; Cintas et al., 1995} and
Lactococcus {(Kozak et al., 1978; Geis ot al., 1983;
Morgan et al., 1985 and Rodriguez et al., 1985).



Though all the 45 pedioccoccal isclates exhibited
antagénistic activities against both the strains of L.
monocytogenes in t@e agar—-spot assay but examination of
the culture supernatants by agar-well and agar-disc
assays showed inhibition of listerial strains by zfive
isolates only (Plate 3 B). The more or less same pH
(3.6-4) of the culture supernatants shows the
insignificant role of organic acids in the inhibition of
listerial indicator strains by the culturai supernatants
of five pediococecal isolates. The failure ¢f the 40
isolates to exert antagonistic activity against Lisgsteria
cultures in the well- and disc-assays could be due to the
insufficient guantities of antibacterial substances
presant in the culture supernatants used for detecting
inhibitory activity or that the antagonistié coﬁpounds
are secreted only in the agar medium but not in the
liguid medium. BSchillinger and Holzapfel -(1990) observed
the inhibition of L. monocytogenes DSM20600 in the well
diffusion assay only by a <zenfold cohcentrated
supernatant of Carnobacterium piscicola LV6l. Although
65 strains of lactic sireptococci exhibited antagonistic
effect on the agar but among them only 16 sfrains showed
inhibitory activity in the liquid nmedium ‘(Geis et al.,
1983) . Similarly, Barefoot and Klaenhammer (1983)
reported the detection of imhibitors of some strains of
Lb. acidophilus only on agar media but not in the liquid
media. West and Warner (1988) also could not detect the
antagonistic activity of Lb. piantarum NCDO1183 in a
liquid culture, aithough this strain preoduced inhibition

zone against the other lactic acid bacteria on the agar.

The  discrepancy in the chservations befween
agar-spot assay and agar-well diffusion assay has been
widely reported. Although 24 strains of carnobacteria
showed antagonistic activity in the agar-spot assay, only
i8 were found inhibitorv to the indicator strains in
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agar-well assay {Schillinger and Holzapfel, 1990) .
Similarly, Thuault et al (1891) vreported that CI.
. tyrobutyricum was .inhibited by 33 strains of lactocsesi
in the agar-overlay method but when the culture
supernatants were testad only 4 of them showed Inhibiriogn
zones in the well diffusion assay- Of the 55 =irains of
lactohacilli exhibiting antibacterial activity in the
spot assay, ©nly 6 produced inhibition zones in the wel:
assay (Garriga et al., 1993} while Cintas ef 2l (199%)
' reported the inhibition by only 12 isolates of the
indicator strains in the well assay even if as many as 55

strains showed antagonistic activities in the spct-assav.

Although the 45 pedioccoccal isolates exhibited a
relatively less inhibitory activity against Z. cersus
NCDC66 and Staph. aursus NCDC110, only five isolates that
produced inhibition zones against all the eight Indicator
strains in all tThe three different assays were considered

for further <characterisation o©f the antibhacterial

substances.

4.3 IDENTIFICATION OF PEDIOCOCCAL ISOLATES

The detailed taxonomic studies involving wvaricus
morpholegical, physiclogical and biochemical
characteristics to identify the pediococcal isolates to
species level are documented in Table 4.6 and the

proposed identity of the-isolates is given in Takle 4.7.

It may be observed from Taﬁle 4,6 that all the
isolates were Gram positive cocci with celis being
arranged in pairs and tetrads. All showed growth at
45°C. Twe isolates viz. iseclates 43 and 45 failed to
grow at 12°C but exhibited growth at 50°C. All the
isclates were able to grow at pH 4.2 and 8.5 buf not at
pH 9.6, and in 6.5% NaCl but not in 10% or above.
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Table 4.6 : Morphological, bphysiclegical and biochemital characteristios of some selected
pediccoccal isclatest

Test _ Isolate No.
8 9 12 13 16 15 21 26 28 33 34 35 36 37 38 40 43 4%
Morphological : . )
Shape c c c c C C c - C c C C C C c C C C C
Arrangement of cells P&T P&T P&T P&T P&T P&T P&T 'P&T P&T P&T P&T P&T P&T P&T P&T P&T P&T P&T
Gram's reaction, +ve +ve +tve +ve tve +ve +ve +ve +ve +ve +v¥e +ve +ve +ve +ve +ve +ve +ve
Physiological ‘ ]
Growth at 12°C + + + + + + + + + ®¥D + NWD 4+ + 4 - -
45°C e + I S N S S S + +
g 5Q°C - - - - - - - - - - - - - ~ - ~ + +
Growth at pH 4.2 + + + + + + + + + + + + + + + + +
8.5 + + + + + + + + + + + + + + + + +
9.6 - - - - - - - - - - - -~ - -~ - ~ - -
Growth in NaCl 6.5% . + + + + + + + + + + + + + + + + + +
10% e T T T SO
15% - - - - - - - - - - - - - -~ - - - ~
iggy -~ - - - - - - - - - ~ - - - ~ - - - -
Biochemicsl
Gas production - - - - - - - - - - - - - - ~ - ~ -
Arginine hydrolysis + ? + + + | 1 I 1 ! + + + t ? ? F +
Catalase - ~ - - .- - - ~ - - - - - - -~ - - -
.Pseudocatalase + - + +. + - + + + + + + + ~ + - * +



Reaction in litmus
milk (7 days)

C : Cocci; P&T : Pairs
+ + Pomitive roaction;
Isnlate 34 was citrate

Isclates 33, 34 and 38

Reductiocn ND 4 + ~ - ND -~ - ND + _* « ND ND HWD ND ND ND
Cuxdling ND + - ~ - ND -~ - ND ~ % - ND ND ND ND ND ND

Sugar Fermentation '
Arabinase - + + + - + + + + + + + + + - + - -
Ribose + + + +., + + + + % + + + + + + + + +
Aylose + + ¥ + + + + + + + + + + + + + + +
Dextrose + + + + + + { { + 1 + f f 1 4 1 | +
Lalactose + + ¥ + + + + + + + + + + + T + + +
Hannose + * + + + ¥ + + + + + + + + + + + +
Fructose + + + + + + £, 4 + + + + + + O+ + +
Lactose . ST TR T S - e e e a3
Sucrose - - - - - - - - - - - - - - - - - -
"Rhamnose - - o - - - - ~- - - - - - - - - - -
- Maltose - + + - + + + + - - + - + + - - - -
Cellobiose R T T T + + 4 o+ k4 + + + > "

and tetrads}

—

: Negative toacliong  NbD

-

Mol Jdelermined; * @ After 30 days

positive

were salicin positive and negative for sorbitol, d@¥lcitol and mannitol.



Biochemical characterisation o¢f the ‘pediococcal
isclates showed that 2all the isolates were non-gas
producers, arginine positive ({Plate 4}, catalase negative
but possessed variable pseudo-catalase activity ({Table
4.6}, Ndne of the isolates except No. 9 curdled litmus
milk and only three isolates viz. numbers 9, 12 and 33
reduced litmus milk after 7 days of incubation. Isclate
No. 34 neither reduced nor eurdled litmus milk on

incubation for 30 days.

The carbohydrate fermentation pattern revealsd the
utilisation of ribose, xylose, dextrose, gz2lactose,
marnose, rructeose and cellobiose by .all the isolates.
None of the isolates produced acid from sucrose and
rhamnose, while & variable reaction was observed with
arapincse, lactose and maliose. isclate numbers 9, 12,
16, 18, 21, 26, 34, 36 and 37 were maltose positive while
others wera maltose negative, whereas isolate numbers
33, 34 and 35 wvere positive for salicin but negztive for
sorbitol, mannitol and dulcitol. Utilisation of these
three sugars by the remaining pedioccoccal cultares was
not assessed. -Fermentation of various carbohydrates by

pediococcal isolate No. 34 is depicted in Plate 5.

out of the total number of 18 pediococcal isolates
subjected to detailed taxcnomic studies, 2 were
identified as the strains of P,I acidilactici, 9 were
identified as P. pentosaceus and 7 could not be assigned
to any ©f the above or any other specie$:. of the genus
Pediococcus {Table 4.7}). The five isolates, i.e.
numbers 12, 16, 21, 26 and 34 which had shown irhibition

of all the indicator strains in &ll the thres assays

belonged to P. pentosaceus.
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Plate 4. Arginine hydrolysis reaction by pedio-
coccal isolates

Tube No.l : Contrel showing -Ve reactioﬁ
Tube No.2-10 : Pediococcal isolates showing +ve
reaction

Plate 5. Carbohydrate fermentation by Pediccoccus
pentosaceus 34

1. Sorbitol - 4. Maltose +
2. Duleitol - 5. Lactose -
3. Mannitol - 6. Sucrose ‘-






Table 4.7 : Identity of pedioccoccal isocolates

Isolate Identity No. of &% selected isplatses
No., isolates ’
8 Ihidentified
13 n
28 B
33 "
35 "
38 [} ]
40 " 7 38,8%
8 P. pentosaceus
12 mn
16 ”
19 “"
21 B
. 26 v
34 1t
36 "
37 hd S 50,06
43 P. acidilactic:
45 2 , 11,12
Total 18 100




Eight species of the Pediococcus genus have been
recognised in the latest edition of Bergey’s Manual of
Systematic Bactericlogy ({Garvie, 1986b) and Bergey}s
Manual of Determinative Bacteriolegy ({Holt et al., 199%94;.
They include P. acidilactici, P. damnosus, =,
dextrinicus, P. halophilus, F. Inopinatus, P. parvulus,
P. pentosaceus and P. urinaeegui. The strains previocusly
included as P. cerevisiae have been distributed among 2.

damnosus, P, pentosaceus and P. acidilactici {Ray, 1985:.

Pedicgcocei are the only lactic acid bacteria tha:
divide alternately in two planes -at right arngles znd
occur in pairs and tetrads with single cells kzing ra-s
and nco chains formed. The ability to use pentosses such
as arabinese, xylose and ribose 1is limited fto 2.
pentosa¢eué, P. acidilactici, P, urinaeequi and soze
strains .of P. halophilus (Garvie; 1986b). Nore of the
isolates in the study could be identified -as 2.
halophilus as they failed to grow' at 18% NaCl. =
pehtosaceus and P. acidilactici are the o¢nly rediococci
that c¢an grow in Rogosa (SL) acetate agar_at 45°C and
hydrolyse arginine, Thus all .the isolates can ke
assigned tc either of the two species. -Grqwth at 5072
and ability to ferment maltose differentiates be:iween ths
two species. The strains of P. pentosaceus can nof grow
at 50°C but ferment maltose while P. acidilactici which

can grow at 50°C fail to ferment maltose.

therefore, on the basis of the taxonomic schemes <
Garvie {1986b} and Holt et al {1994) the two isolates
{No. 43 and 45} which could grow at 50°C put Zailed to
ferment nmaltose were classified as P, aclidilactici. Hall
of the total 18 isolates obtained in the present study
were identified as P. pentosaceus (Table 4.7} as they
could utilise maltose with ne growth being observed acz
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50°C. The remaining 7 isclates could not be assigned to
either of the species as they could neither exhibit
growth at 50°C nor ferment maltose. It is interesting to
note that all the pediococcal isolates i.e. isolate
numbers 12, 16, 21, 2¢& and 34 (that inhibited all ths
indicators in all the assays) were found to be different

strains of P. pentosaceus.

P. pentosaceus and P, acidilactici may occur in milx
and milk products (Garvie, 1986h) . The results
pertaining to the identification of pediococcal strains
isolated from Indian Cheddar chesse as P. pentosaceus and
P. acidilactici are in agreement with several other
earlier revoris. The characteristic pediococcal'strai:
isolated from New Zealand Cheddsr chesse was identified
as P. cerevisiae {Darce, 195Ba) while Thomas et al {1985
isolated P. pentosaceus strains from the same sourc.e..-
All the 58 pediococcal strains from UK (Fryer and Sharpé,
1966}, 20 from Canadian (Elliott ard Euiligan, 1968) and
15, from BAmerican ({(Keenan et al., 1968} Cheddar cheese
samples were identified as P. czarevisiss. However,
Litopoulou-Tzanetaki et al (1989) characterised the £

pediococcal strains from American Cheddar cheese and

jdentified them to be P. pentosacsus.

The pedioccoe¢cal strains from 6ther'cheese varieties
were also identified by _several other workers. The
pediococcal strains from Manchegc cheese were identified
as P. pentosaceus {Nunez, 1976) while Andric and Sutic
{1980) reported the identification of both P. pentosaceus
and P. acidilactici from Kashkaval cheese. Seventy five
out of 83 pediococcal strains from raw goat milk, Feta
and Kaseri cheeses were identilied as 7P, pentosaceus

{Tzanetakis and Litopoulou- Tzanataki, 13989).
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4.4 CHEMICAL HATURE OF . THE ANTIBACTERIAL SURBSTANCE

PRODUCED BY PEDIQCOCCAL éULTURES

Cﬁlture broths were adiusted to pH 7, treated with
catalase and different proteolytic enzymes wviz. trypsin,
chymotrypsin, ficin, papain, pronase-E and proteinase-X
and subsequently assaysd for the residual antibacterial
activity against PF. acidilactici 1LB42. It may be
observed from Teble 4.8 and Plate 6 that all the five
strains of P. pentosaceus retained their activity upon
treatment with catalase indicating that the inhikition of
the indicator strain was not due to hydrogen peroxide.
‘However, the inhibitory activity of all the supernatants
was lost upon treatment with all the six proteoiytic
enzymes pointing to the involvement of  active protein
moiety in the antagonism and indicating that the
antagonistic activity is due to the presence- of

bacteriocin in the culture broths.

This 'is the second report, and of course Ffirst inp
vlﬁéia, till date concerning the bacteriocinogenicity
among the pediococcal isolates of dairy origin. Earlier,
Daba et al {(1991) isclated a bactericcin producing Leu.
mesenferoides UL5 from Cheddar cheese and the producing
strain was later reidentified as P. acidilactici ULS
(Huang et al., 1994}. However, other efforts to isolate
bacteriocinogenic pediccocci from Kashkaval (Andric and
Sutié, 1980) and Cheddar {(Litopoulou~Tzanataki etlal,,
1989) cheese were not successful probably because of the
very few number fll and 4, respectively] of strains
examined or due to several other facters such as the
method émployed, the number and inherent susceptibilify

ef the indicator strains, .and the c¢riteria adopted to

define the antagonism.
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Table 4.8 : Enzyme sensitivity on the antibacterial
substances produced = by selected
pediococcal isolates

Enzyme Strains of Pediococcus pentosacéus

12 ie 21 26 34
Catalase R R R R R
Chymoirypsin s S S 3 5
Ficin , 5 S 5 S 5
Papain S- 3 S s s
Pronase-E S 5 -8 S .8
Proteinase-K g S S S S
Trypsin 5 'S s s s

Pediccocrus penresaceus LB472 was used as  the

indicator organism, using spot-on—-the-lawn assay system.

R : Resistant; § : sensitive
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Plate 6. Enzyme sensitivity of the antibacterial

substance produced

pentosaceus 34

1. Contrel

2. Trypsin

3. Chymotrypsin
4. Pronase-E
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Although reperts concerning the isolation of
pediococci from dairy sources are rather scarce, the
bacteriocinogenic pediccocci have been isolated from
various other sources such as vegetables (Daeschel and
Kiaenhammer, 1985}, meats (Bhunia et al., 1987; Hoover et
al., 1988; schved et al., 1993 and Cintas et al., 1995},

wine (Strasgser-de-Saad and Manca-de-Nadra, 1883} eic.

Bactericcinogenic lactic acid bacteria isclated from
dairy products include lactococci (Piard et al., 1890;
Thuaunlt et al., 1981; Gupta and Batish, 1992; Ali et al.,
1995; Morgan et al., 1995 and Martinez et al., 1398},
lactobacilli (Muriana and Klaenhammer, 1987; Vaughan et
al., 1992; Kanatani and QOshimura, 1284 zanc Rekhif et al.,
1294) leuconostocs (Hechard et al., 1992} Hathien et al.,
1993; Malik et al., 199%4a and Sudirman et &l1., 1984),

4.5 SELECTION OF THE PRODUCER STRAIN AND INDICATOR:®

ORGANIEM

Selection of the producer as well as indicator
strains was done oy estimating the bacteriocin titres of
the.culture broths of the producers against all tﬁe‘fou;f
lactic indicator organisms employed in the screening
process and expressing the bacteriocin titre as Arbitrary
or Activity Units (AU} per millilitre of the culture
broth. The results are presented in Table 4.92.

The bacteriocin activity of P. pentosaceus strains
12, 16, 21, 26 and 34 was 2000, 4000, 3000, 4000 and
6000, respectively against both ILb., plantarum NCDC21 and
Leu. mesenteroides LY. All the pwpediocdccal cultures
displayed higher antibacterial activity against P.
acidilactici 1B42 ranging from 22000 to 78000 AU/ml
followad by Lb. plantarum NCD0955 with an activity range
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Table 4.9 : Sensitivity of lactic indicator prganisms to
the  Dbacteriocins produced by different
isclated strains of Pediococcus pentosaceus

Activity (RAU)/ml (X10%)

Strains ©f P. 1y, plantarum Leu. mnesen- P. acidi-
pentosaceus tercides lactict
NCDC21 NCDO95S LY L3-42

12 2 14 2 22

16 4 26 4 42

21 ‘3 .28 3 38

26 4 30 4 45

34 6 54 3 78
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of 14000 to 34000 AU/mi. O0f all the bacteriocin
producing pediecoccal cuitures, P. pentosacens 34
resulted in the. maximum activity of 78000 AU/ml against
P. acidilactici LB42 {Plate 7} whereas the\bacteriocin
activity of the same producer strain against Ib.

plantarum NCDOS55 was estimated to be 54000 AU/ml {Table
1.8).

Bacterial cultures for bacterioccin production and
characterisation studies have been selected on the basis
of their broader antibacterial spectrum of activity
(Piard et al., 1390; Ji_menez-Diaz et al., 1993; 3chved et
al., 1993; Cintas et al., 1995 and Rodriguez et &l.,
1985). Since no differences in the inhibitory activity
among the five producing strains against the lactic and
non-lactic indicators employed in the present screening
studies were observed, the bacteriocin ' activity present
in the respective culture broths was quantified using the .
four lactic indicator strains. P. pentosaceus 34,
however, exhibited hnighest activity against all the
‘tactic cultures and was, therefore, retained for further
studies. P. acidilactici LB42 was found to be the most
sensitive crganiszr{ to the bacteriocin produced by BD.
pehtasace_us 34 and hence used as the indicator s*i:.raixi for
the bacteriocin assay:'s. . In some garlier studies,
Lactecoccus spp. have been used as indicators for the
bacteriocins. of different lactococcal strains {(Piard et
al., 1990; Kojic et al., 1991 and Rodriguez et al.,
1995), Leucenostoc spp. for bacter;iocins:« of leuconostocs
(van Laack et al., 1992 and Keppler et al., 1994) and
Lactobacillus spp. for the bacteriocins of lactobacilli
(Dasshel et al., 1980; Joerger and Klaenhammer, 1985).
Lacrobacililus strains have also been used as indicator
organisms in the characterisation of bacterioccing of
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Plate 7. Quantitative determination of bacterio-
cin activity by spot-on-lawn assay

Producer strain : P. pentosaceus 34
Indicator strain : P. acidilactici 1B42
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pediococci such as pediocin AcH (Bhumia et al., 1988) and

pediocin §J-1 (Schved et al., 1993).

P, pentosaceus 34 grown in MRS broth exhibited a
maximum activity of 54000 AU/ml against Ib. plantarum
NCDOS55 using the spot-on—lawn assay (Table 4.8). 0On the
other hand, pediocin SJ-1 produced by P. acidilactici
57-1 exhibited 25600 AU/ml (Schved et al., 1993) and
pediocin AcH produced by P. acidilactici H exhibited
36600 AU/m1 (Biswas et al., 1991)) against the szme
indicator strain also using the spot-on-lawn assay. Sirnce
both of these cultures were grown in TGE Dbroth, the
differences in the Dbacteriocin activity could be
attribnted to the nedia emploved in the production.
However, ii was reported that the pediocin AcH production
was maximem 4din TGE broﬁh than :hz_MRS_broth {Biswas et
al., 1991). ©Different strains of P. acidilactici though
produced identical pediocin AcHs, they have ‘exhibited
varving bactericcin titres (Yang and Ray, 1994b! against
Lb. plantzrum NCDO95S (range 22000 - 30000 AU/ml).
Different rtitres of the bacteriocin activity (14000 -
54000 AU/rl) by different strains of P. pentosaceus
against the same indicator were also cbserved in ‘the

present investigation.

4.6 OPTIMISATION OF PARAMETERS FOR BACTERIOCIN PRODUCTION

The  bacterioccin production by the selected
pediococcal culture, Pediococcus pentosaceus 34, was
optimised with respect to the culture medium, initial pH
of the culture medium, temperature of growth of the
producer culture, and the time of incubation. In each
experiment, changes in pH, growth in termé of absorbance
at 800 nm and bacteriocin activity expressed in terms of
AU/m]l were recorded at regular intervals. The results
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obtained during the optimisation of bacteriocin
production parameters are given in Tables 4.10-4.12 and

Figures 4.3 to 4.7.

4.6.1 CULTURE MEDIUM

It may be seen from the Table 4.10 that there was &
gradual decrease in the initial pH of all the growth
media (APT, Elliker, MBS and TGE broths) with the decline
being very sharp in the first B8 hr of incukztion and
there after it was only marginal. The pH of APT,
Elliker, MRS and TGE broths dropped to 4.18, .94, 3.87
and 3.60 from the initlal pH wvalues of 6.9, 6.3, 6.5 and
6.5, respectively at *he end of the 24 hr Izcubation

18

periocd. Conversely, =The bacterial growth ex-ipited a
gradual increase as the incubation period proceeded. The
absorbance values {(0.D.) measured at 600 nm af-er 24 hr
incubation at 37°C were 3.14, 1.1@, 5.77 and 2.7% in APT,
"Elliker, MRS and TGE ;croths, respectively {(Takle 4.10).
Howaver, a sharp increase in 0.D. values was observed
after first 8 hr of incubation and there =z ter the

increase was rather gradual.

The bacterioc¢in -production was observed to. be
maximum in MRS broth ZIZollewed by TGE, APT anc Elliker
broths {Tabled4:10}. The activity in MR3, TGE, APT and
Elliiker broths after 24 hr of incubation was 78,000,
30,000, 18,000 and 14,000 AU/ml, respectively.  The
bacteriocin titres obtained in TGE, APT and Elliker
broths were about 38.3%, 18% and 23% .of the highest
titres reached in MRS broth. it was alsc ohserved that
about %5.00% of the total bactér_iocin was secreted into
MRS broth after first & hr of incubation at 37°C and the
remzining amount during the next & hr of incubation. The
bacteriocin titres obtained in APT, Elliker and TGE
breths at the end of 8 hr incubation were calcvlated to
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Table 4.10 : Influence of culture medium on pH, growth
and bacteriocin production by Pediococcus

pentosaceus 34

Parameter Time Growth Medium
{Hr)
APT  Elliker MRS TGE
0 €.60 6.30 6.50 6.50
. 8 4.70 4,94 4.30 3.90
P 16 4.16 2,94 3.99 3.66
24 4.18 4.9¢ 3,87 3.60
0 0.05 0.04, 0.04 0.04
Ansorb 8 2.00 0.96 5.41 2.10
sorbance
(600 nm) 16 3.03 1.16 5.72 2.70
24 3.14 1.10 5.77 2.76
: _ 0 0.00 0.00 0.00  0.00
o %gtivitg ) 8 4.00 6.00 50.00 14.00
nits (A.U. 16 14.00  14.00  70.00  26.00
per ml (x 107
24 18.00  14.00  78.00 30.00
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be about 22, 43 and 47%, respectively of the highest
titres reached in the respective media and they increased
to 78%, 100% and B87% after 16 hr of growth. It is
evident from the Fig. 4.3 that bacteriocin activity
remained highest in MRS breth at all the three tirge

intervals employed in the experiment.

MRS broth was found to be the most suitable medium
fér optimal production of the bacteriocin by P.
pentosaceus 34 followed by TGE, APT and Elliker broths.
The wvariation in the bacteriocin titres observed could be
due to the different cell densities attained in each of
the broths at the end of the incubation period. MRS
broth medium in the present study supporied gcod .growth
of the test culture zand hence the maximum bacteriocir
production, Although the_growth was slightly more in APT
broth (Ag, = 3.14) as compared tc TGE broth (&, = 2.76),
the bactericcin production was almost double in TGE than
in APT medium. The difference in bactericcin titres may
be . attributed to the lesser availability of some
ingredients such as Tween 80 to this bactericcinogenic
culture. It was observed that addition of Tween 80 to 2
final éoncentratieg of 0.1% in the APT broth resulted in.
the increased production o©f pediocin AcH by P
acidilactici F {Richards, INRBE, France, Personal
Communication). Among the four broth media, Elliker
broth was the least supportive in bacterioccin production
by the test culture - which is probably due to the poor
growth of the producer strain in the medium as two o©of
three sugars viz. lactose and sucrose in the medium are

not utilised by P. pentosaceus 34 (Takle 4.6 and Plate

5y, It may also be 1likely due to lack of certain
essential ingredients such as Tween 80, MnSC,, MgSO,.etc
in the menstrum. Iin case of TGE broth, the dramatic

decline in pH could be due to lack of any buffering
component in the medium.
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MRS medium has also been reported to support maximum
production o©f bacteriocins like mesentericin Y105
(Hechard et al., 1982), piscicocin VI and divercinv4l
{Pilet et al., 19985} and pediocin L300 (Cintas et al.,
1995). Biswas et al (1921), however, reported a 15% less
pediocin AcH preduction in MRS broth than in TGE broth in
spite of higher cell mass of the producer strain in MRS
broth, It was alsc observed that the incorporation of
acetate, citrate and phosphate ftegether inte TGE broth
though increased the c¢ell mass, 1t reduced bacteriocin
production. Yang and Ray {19%4b) also ocserved maximum
pedio-cin AcH titres in plain TGE broth than in buffered
TGE broth. Gels et -al (1983} reported that bacteriocin
production by several strains of lactococcl was maximum
in Elliker_ broth while Piard et al (1990} observed
maximum lacticin 481 production in Elliker broth buffered.

‘with sodium B-glycér-ophos;)hate .
4.6.2 INITIAL PH OF THE GROWTH MEDIUM

- The bacteriocin producing Pediococcus pentosaceus 34
was grown in MRS broth adjusted to different iritial pH
values viz. 4, 5, 6, 6.5, 7 and 8 and changes observed
with respect to pH, absorbance and bacteriocin activity

during the course of incubation at 37°C are given in

Table 4.11.

The growth of the bacteriocin producer in MRS broth
resulted in lowering of the initial pH from '4 to 3.38
after 24 hr cell growth. The abscrbance expressed in
terms of O.D. reached upto 2.04 and the bacterlocin
activity reached to a maximum eXtent of 50,030 AU/ml
during the same time. When the initial pH of the MRS
proth media ranged froem 5 to 8, the corresponding pH
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Table 4.11 Effect of initial pH of MRS broth on pH,
.growth  and  bacteriocin  production ty
Padiococcus pentosaceus 34

Parameter Tine Initial pH
(Hx)
4.0 5.0 6.0 6.5 7.0 8.5
0 4.01 5.07 5.92 6.53 6.9€ B8g.0:-
. 8 3.95 4.13 4,18 4.30 4.3z 4.89%
b ie 3.66 3.62 3.80 3.84 3.8% 3.85
24 3.38 3.54 3.70 3.70 3.7 3.8:
0 0.04 0.04 0.08 (¢.06 0.1C 0.08
Absorb 8 0,20 3.00 4.0¢ 5.23 5.4C 5,88
SOIDAnte .5 121 3.73 5.18 5.75 6.03  6.13
{600 nm)
24 ~2.04 3.84 6.12 5.83 6.0 6.23
Activity 0 c.¢o 0,060 0.00 0.00 0.00 0.0C
Units {A.U.}] g 2,00 50.00 50.03 50.00 50.02 50,02
per ml o
{x 109 )
ie 34.00 70.00 70.00 78.00 70.0) 70.00.
24 50.00 78.00 78.00 78.00 78.00 78.00
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decreased was 1n the range éf 3.5 to 3.8 after 24 hr =zt
37°C while the absorbance values recorded were in the
range of 3.8 to 6.25 (Table 4.11). It was also observed
that there was no difference in the bacteriocin titres

T
1

1

reached after 8 hr in MRS Dbroth with an initial
ranging from 5 to 8 and the highest' titres of 78,0
BUJ/ml were attained after 24 hr at all these initial pH

S

30

values in the range of & to 8B except at &5in which case
the highest activity was attained after 16 hr of growth
and remained at the same 1level even after 2Z4 hr c¢f
incubation. The Fig. 4.4 also shows that the bacteriocin
titres at the end of B and 24 hr incubation remained same
at all the initial pH vzlues in the range of 5 t5 8. Ths
highest activity of 78,200 AU/ml was attained after 16 k-

at pH 6.5 while the same value was reached aftexr 24 hr az

other initial pH values of MRS medium.

The ‘bacteriocin .production by P.. pentosaceus 34 was
not significantly dependent on the initial pH oF the MRS
med“ium Ibetween 5 and =. Zowever, there was a slighc
decrease in bacteriocin titres when the test culture was
orown in MRS broth with an initial pH 4. The Zecreased-
titres of bacteriocin could be due to the reduced cel:
growth {Ay,, = 2.04) at rather lower initial p= of the
medium. Therefore, ncrmal pH (6.5) of MRS medium was
employed as an initial pH for the préduction of the

bacteriocin by the test strain.

Thuault et al (1981) have also reported that the
bacteriocin production by Le. lactis sub:sp. lactis ADRI
851,030 is independent of initial pH of the medium in the
range of 5 to 7. Ceventry et al (1936) observed no
detectable levels of DbDrevicin 286 when the oroducer
strain was grown in MRE broth at an initial pH 4.5, bur
the producticn was optimum at a-pH 6 —~- 6.5, Lower cell

densities and consequently lower bacteriocin tit-es were
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Fig. 4.4 Effect of initial pH of MRS broth on
bacteriocin production by Podiococcus prentosaceus 34



observed when Leu. gelidum was grown in APT broth at an
initial pH lower than 6 and 6.5 (Hastings and Stiles,
1991). Similar réports concerning the sifect of initial
pH of the g¢growth medium on the bacteriocin prodﬁction
include a decreased production ¢f leuconocin § iJ) APT
with an initial pH 7.5 {Lewus et al., 1982) and a 50%
decrease in carncosin 24A production by Leu. carnosum
ILA44A when the initial pH of the APT medium was lowered
from & to 5. The decreased bacteriocin production in
mosf of the cases has been attributed fo {he reduced cell

Mass.

It has been observed by several workers {Hurst,
1981; Barefoot and Klaenhammer, 1884; Murizna anrd
Klaenhammer, 1987; Pilard et al., 1990; - -,
i TR oz "w; ten Brink et al., 1894 and
Kanatani et al., 18%5) that maintenance of final pH of
the growth medium at a particular level results in

increased levels of bacteriocin titres.
4.6.3 INCUBATION TEMPERATURE

It may be seen from the Table .12 that Pediococcus
pentosaceus 34 incubated at 25, 30 and 37°C in MRS broths
did not show any variationr in <the pH, growth and
bactericcin activity after 24 hr of incubation. The pH
values recorded ar three different incubation
temperatures after 24 hr were 3.8, 3.78 and 3.75,
respecéively- while the O.D. values were 5.78, 5.8 and
5.85 at the three respective temperatures. The highest
bacteriocin activity attained after 24 hr was 78,000
AU/ml at all the three temperatures. Although there were
no differences in bacteriocin production bv the selected
strain after 24 hr at all the three incubétion
temperatures, the drop in pH, -increase in absorbance and
"the bacteriocin activity differed significantly after &
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Table 4.12 Effect of incubation temperature on pH,
growth and  bacteriocin production by
Pediococcus pentosaceus 34 in MRS broth
Parameter Time Temperature (°C)
(Hr})
25 2T 37 45
0 6.50 6.3 6.50 6.50
H 8 5.70 2,82 4.22 5.32
P 16 3.98 5.8  3.83°  4.43
24 ' 3.80 3,73 3.75 4.43
| 0 0.03 0.C3 0.03 0.03
m\: . 8 0.80 2.€7 5.35 0.89
" Absorbance -
(600 nm) 16 5.18 5.72 5.68 1.37
24 5.78 5.82 5.85 1.20
. 0 0.00 0.c  0.00 0.00
%’tgti‘f}it%f 8 0.20 14,20  5D.00 0.20
Units (A.U.) 16 70.00  70.¢0  78.00  0.20
per ml (x10°) -
] 24 78.00 78.50 78.00 0.20
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hr of growth. The pH droppgd to 5.7, 4.82 ang 4.2 at 25,
30 and 37°C, respectively aftér 8 hr while the absorbance
(0.D.) walues recorded at the cofre;ponding' tima were
0.8, 2.67 and 5.35 at the respective temperatures. The
bacteriocin activity after 8 hr of incubation at 25, 30
and 37°C was found to be 0.25, 18 and 64 percent of the
total bacteriocin activity observed at the respective
tenperatures after 24 hr incubation. It can alse be secen
that the highest bacteriocin titre of 78,000 AU/ml was
attained after 24 hr of growth at 25°C as well as at 30°C
whereas it was attained after 16 hr at 37°C and remained
at the.highest level without any further decline even at
the end of 24 hr of incubation. . The incubation cf
Pediococcus pentosaceus 34 at  45°C  resulted in . a
bacteriocin activity of 200 AU/ml after 8 hr and remained
at the same level with neither increase nor decrease in
the activity upto 24 hr incubation. After 16 hr growth
at 45°C in .the MRS broth, the pH value dropped to 4.43
and 0.D. increased to 1.37. ‘Though pPH . value remained -
constant at 4.43 but the absorbance value decreased to

1.2 after 24 hr.

The bactefiocin ' production  as affected Dby
temperature of incubation is given Fig. 4.5. It is
evident that though there was né difference inv the
bacteriocin activity after 24 hr at; all the three
temperatures of incubation, the activiiy was maximum at

37°C after 8 hr as well as after 16 hr of incubation.

There were ne significant differences in the gﬁowth,
drop in pH and bacteriocin productioﬁ when the test
culture was grown in MRS broth at either 252, 30°c or
37°C. However, relatively faster growth [A, = 5.35) at
37°C resulted in the synthesis and secretion of a large
proportion (64%) of the bacteriocin into the growth
medium in the first 8 hr of the iﬁcubation period. The
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bacteriocin production was adversely affected when the
test culture was grown at 45°C and this could be
attributed to.wvery 1little growth, rather 1lysis of the

producer strain at the end of incubation.

The bacteriocin production by Lo, ldactis subsp.
lactis ADRI 85L030 was not significantly dependent on the
incubation temperature in the range of 30 to 42°C
{Thuault et al., 1991;. Biswas et al (13%%.) though
reported an ldentical pediocin AcH titres at 30 and 37°C
bul there was‘a slight decrease in producer's <¢ell mass
and bacterioccin preduction at 40%C. Similarly, Schved et
al {1993} reported the producrtion cf pediocin S$3-1 by P,
acidilactici 53J~1 over the entire Cemperature range of 30
to 45°C. On the other hand, no detectable pediocin LS50
was observed when the producing strain P. acidilactici
L50 was grown at 45°C, Similar reports concerning the
effect of temperature on the bacteriocin -production
include, the production of carnosin 44A at a temperature
of 4-10°C (van Laack et al., 1992), leucocin BTalla over
‘a ﬁide temperature range of 0-30°C (Felix et al., 1994),
and a number of bacteriocins by several Leuconcstoc spp.
{yang and,Ray, 1924a). The general observation was that
.although the bacteriocin preduction was detected over a
wide temperature range, the production was maximum at the
optimum temperature of growth of the producer strain and-
a ‘relatively longer Jincubation times were needed to

achieve the highest bacteriocin titres at low

Lemperatures.
4.6.4 IRCUBATION TIME

Pediococcus pentosaceus 34 was grown in MRS broth
with an initial pH 6.5 and incubated for upto 72 hr at
37°C. The samples were drawn at regular intervals and
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analysed for pH, absorbance and bacteriocin activity.

The results are shown in Figs. 4.6 and 4.7.

There was a sharp decline in the 3 value in the
first 8 hr during which period the pH drorped tc 4.2 fronm
an initial wvalue of 6.5. The decrezse in the p=
thercafter was guite marginal, reaching upto 3.37 at the
end of 16 hr incubation and remained more or less
constant at the same value upto' the 72 hr Incubation

period.

It may be observed from the Fig. 4.6 that there was
no increase in the absorbance value in tae first 2 hr.
The incrszase was, however, maximum befweer. 4 anz 8 hr o2
incubation during which the absorbance walue Iincreased
from 0.65 to 5.4. The increase, thereafter, was marginal
reaching a vwvalue of 5.76 after 16 hr ircubation. The
highest value of 6.14 was recorded after 3¢ hr with a

slight decline in absorbance after 48 and “2 hr of

incupation.

The changes in the wviable cell counts-expressed as
log cfu/ml are presented in Fig. 4.7. Ne changz -in the
log cfu/ml during the first 2 hr of Iincubazion. was
cbserved. The culture entered the log phasé arter 4 hr
and remained in that phase upto 16 hr as eviderced by a
gradual increase in log c<fu/ml from 8.6 at 4 hr to 15.1
after 16 hr of growth. There was, howéver, a brief
stationary phase between 16th and 24th hr as a decrease
in log cfu/ml to 14.8 was recorded when the culture was
plated out on MRS agar at the end of 24 hr. The cells
remained in the death phase thereafter with a sharp.
decline in log cfu/ml after 38 hr of incubation az 37°C.

It is avident from both the Figs. 4.6 and 1.7 that

bacteriocin was detected in the growth medium aif-er 4 hr
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of incubaticn coinciding with the onset of log phase of

growth of the culture. ~ The bacteriocin production
contimued throughout the log phase of growth reaching the
highest value of 78,000 AU/ml after 16 hr. The

bacteriocin titres remeined at the highest level with no
further decline in th2 activity during stationary and
death phases of growth of the culture upto 72 hr

incubation.

The bacteriocin production by P. pentosaceus 34 was
observed to be growth assocliated as 1L was secreted into
the growth medium continuously throughout the log phase
reaching the highest titres at the end o¢f this phase,
thus, indicating it to be a primary metabolite. It was
also observed that there was no decactable loss in the
bactericcin activity in the stationary as well as death
phases. The maximum production (64%) of the bacteriocin
occurred in the first 8 hr of growth ﬁhile the rest (36%)
being produced in the next 8 hr of the incubation.

Pediocin BAcH wag also secreted as a primary
metabolite (Yang aund ray, 19%4b! with the maximum
production being observed in the first 8 hr of incubation
but a slight decrease in the bacteriocin activity was
also observed after 24 hr growth. The other pediocins
such as pediocin 5 {(Dabka et al., 1991), and pediccin LS50
{Cintas et al., 1995} were alsc produced in the log phase
of Qrowth.of test cultures, but the bacteriocin titres of
both the bacteriocins decreased during the extended
" periods of incubation. However, the activity of pediocin
5J-1, which was secreted as a secondary metabolite,

remained constant for upte 48 hr (Schved et al., 1993).

Farlier, Davey and Pearce {.980) also observed
production of diplececccin in  the exponential growth

phase. Howsever, classical bactericcin, nisin, has been
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described as a secondary wmetabolite {Hurst, 19%31; Ray,
1992z). Although bactericocin 350 was secreted throughout
the log phase, the highest production occurred in tre
first 8 hr of incubation (Kojic et al., 1891). Tha
production of several bacteriocins of leuconostocs such
as leucocin A-UALI87 (Hastings and Stilesg, 1891:,
mesenterocin 52 (Mathieu et al., 1993), carnosin LASZ:
{Keppler et al.,, 1994), leucocin B-Talla (Felix et al.,
1994) have also been reported to be secreted in the lczg
phase of the growth of the respective producing strains.
Lb. plantarum LPCO10 produced plataricin S in the log
phase while plantaricin T was produced by the same strai:z

in the stationary phase (Jimenez-Diaz et al., 1993).

Although not conclusively proved, the decline in ths
bacteriocin activity reperted in the above studiss during
the extended periods oI incubation has been believed to
be due to the secretion of inhibitors such as proteolytic

enzvmes that degrade active bacteriocin molecules. .

4.7 PURIFICATION OF THE BRACTERIOCIN

The purification ©f bacteriocin from the culturs’
broth was attempted py different methods wviz. pE
dependant adsorption-desorption procedure, precipitation
with organic- solvents and fractionation with ammonium
sulfate followed by gel filtration and ion—exchanée,

chromatography for further ﬁurification of the

bacteriocin.

§.7.1 pH DEPENDENT ADSORPTION-DESORPTION PROCEDURE

it may be observed from the Table 4.13 thac
harvesting of cells after adjusting the pH of the culture
broth to 6.5 resulted in the adsorption of 92.3% of the
tbtal bacteriocin on the producer cells while the rest
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Table 4.12 Recovery of bacteriocin at different stages
of extraction and purification by pH
dependent adsorption~desorption technique

5.No. Stage Activity % AU (Based con

Units {AU) AU in culture
broth as 100%)
1. pH adiusted eulture ° 1,30,00,000 100
: broth (500 ml)

2. Lost in supernatant 190,00, 900 7.5%

3. Lost in phosphate - -

buffer

4. Lost with cells after '1,00,00,000 76.92

extraction

5.

Dried preparation 16,394,900 13

166



(7.69%) being lost in the supernatant. The acidic
extraction invelving stirrin§ of the bacteriocin adsorbed
onn to producer cells overnight in 0.1 M NaCl sclution (pH
1.3} and subsequent freeze~drying of the extracted
pacteriocin resulted in an overazll recovery of zbout 133%
of the total bacteriocin activity in broth. A 77% loss
of the bacteriocin activity alongwith the c¢alls was

observed under desorption conditions.

" The recovery ©of the bacteriocin by pH dependernt
adsorption-desorption technique was not satisfactory as
cnly 13% of the activity could be recovered in the

process. Most of the bacteriocin adsorbed onto the cell

4

surface at pH 6.5 could not be desorbed even aflsr 18 -

under acidic conditions (pH 1.5). Yang et al /1892) or
the other hand have repcrted more than 20% recsvery o

+J

the bacteriocin for pediocin AcH, nisin and leyconocin
LCrl, and 44% for sakacin A. A similar approach, used
with cultures of Streptococcus pyogehes, permit:ed high
recoveries of bacteriocin SA~FFZ2 (Jack and Tagg, 1992).
However, using the same method a relétively lower yields
of pediocin & (10%) (Daba et al., 1894) and dizcetin 2B
(Ali et al., 1995) were reported. The 10% recovery of
the bacteriocin in case of pediccin 5 was observed after
extended period (24 hr) of desorption time as 2 hx
desorption period yielded Just 3% of the total

bacteriocin.

It has Dbeen proposed by Jack and Tagg (1982} that
cell-associated bactericcins are probably displaced by
the protons under acidic éonditions indiéating that the
cell wallg of Grém—positive bacteria may act as a cation
exchangers. In the present study, the ionic strength of
the acid used may not be sufficient to repiace the
bacteriocin molecules adsorbed onto the cells surface.
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The adsorption of s_omé bacteriocins has been shown
to .be  cell surface‘ recepto,r‘mediated. Bhurnia et &1
(1991) repor{:ed that lipoteicholc acids presext in the
cell walls of Gram-positive bacteria act as reczptors for
pediocin  AcH and also observad trhat c2ll wall
preparations after treatment with ethanol - ::hloroéorm
and hot 20% TCA, completely lost the ability to adserd
pediocin AcH. Therefore, the other possible reason for
non-desorption of bactericocin in this study could be that
the receptors, if involved, retained thsir property to
adsorb the bacteriocin molecules under the conditiors

employed for the desorption.

It may also be possible that th2 majcr forces
responsible for binding of the bactericcin molz2cules to
the producer cell wall may be hydrophobic, rather than
ionic / electrostatic interactions, making it difficult

for desorption of the bacteriocin from cell surface of

the test culture.’

:Further studies are thus needed for the =2ffective
gxtraction of the bacteriocin adsorbed onto <=he cel>
- surfaces and to employ this cost effective methci for the

recovery of the bacteriocin of P. pentosaczus 34 zulture.
4.7.2 SOLVENT FRACTIONATION OF THE RACTERIOCIN

The bacteriocin from the culture sup'erna:ant was
recovered by fractionation with variocus organic solvents
viz., acetone, ethanol, isopropanol and -methancl {Table
4.14) . The bacteriocin precipitated between 0.J to 1.0
volume of ethanol and methanol exhibited a recovery of
5.7 and 4.57%, angd 5.5 and 8.21-fold increase ir specific
activity, respectively. The fracticnation of the
bacteriocin between 1.0-2.0 and 2.0-3.0 volumes of
ethancl and methanol and at all the three volumes i.e.
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Table 4.14 : Fractionation of the bacterioccin of Pediocoeccus pentosaceus 34 with different
organic solvents

Solvent Selvent Total Total protein Specific Purification Recovery (%)
, volume per bacteriocin (meg) activity - (fold)
volume of {AD) ) _ . (A, U./mg
culture o protein)
supernatant ' '

35,00, 000 485 7,216.5 1 100
Isopropanol 0.0-1.0 40,000 2.0 20,000 2.77 1.14
. 1.0-2.0 4,000 11,2 357 0.04 0.11
3 2,0-3.0 8,000 20.1 398 0.05 0.23
Methanol 0.0-1,0 1,60,000 2.7 59,259.3 8.21 4.57
1.0-2.0 40,000 3.4 11,764.7 1.63 1.14
.0-3.0 40,000 3.4 11,764,7 1.63 1.14
Ethanol 0.0-1.0 2,00,000 5.0 40, 000 5.50 5.70
‘ 1.0-2.0 4, 000 ‘2,35 1,702:12 0.24 0.11
2.0-3.0 4,000 4,65 860.21 0.12 0.11
Acatone 0.0-1.0 24,000 3.7 6, 486.5 0.90 0.69
1.0-2.0 12,800 20.0 . 640 0.09 0.37
o . 2,0-3.0 4,000 5,6 714,29 0.10 0.11




0.0-1.0, 1.06-2.0 and 2.0-3.0 of isopropanol and acaione
resuited in a very low recovery and a decrease in the

specific activity of bacteriocin.

gy

The fractionatiocn of the bactsriocin producted by
pentosaceus 34 “using different organic solvents viz.
acetone, methanol, ethanol, Ilsopropanol not only afforded
very low yields but also resulted in a decrease in ths
specific activity of bacteriocin preparations, Zindicating

.
vhns

the adverse effect of the organic solvents on
bacteriocin activity of the culture supernatants.

Although recovery of enzymes by fractionation with
organic solvents is a common practice, wvirtually no suchk
reports are ‘available on the solvent fractiozation of
bacteriocins of lactic acid bacteria.

4.7.3 AMMONIUM SULFATE PRECIPITATION

The results presented in the Table 4.15 show that
fractionation of the bactericcin between 0-40% and 40-60:
ammonium sulfate saturation exhibited a recovery of 5.71
and 20% of the total bactericcin activity with a 1.58 and
3.53-fold increasé in specific activity, respectively.
Ammonium sulfate saturation at higher levels i.e. 60-80%
and 80-100% resulted in very low bacteriocin recovery as
well as a decrease in the specific activity. It was
however, observed that the bacteriocin precipitated
between 30-60% ammonium sulfate saturation exhibited
34.3% recovery of the baéteriocin concomitant with

3.1~fold purification.

Ammoniom sulfate precipitation is the mosT common
and widelv used method Lo concentrate the antibacterial

proteins from the culture supernatants of bacteriocin
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Table 4.15 : Ammonium sulfata fracticnhation of the bacteriocein of Pedioccoccus' pentosaceus 34

Total Protein Specific

Ammondum Total Purificatiaon Recovery_(%}
sulfate Bacteriocin (g} Activity " {fold)
saturation {RU} {A.U./mg
(%) protein)
- 70,00,000 970 7,216.5 1 100
_ 0-4¢ 4,00, 000 35 11,428.6 1.58 5.71
]
40060 14,900,000 55 25454.59 3.53 20.00
60-80 1,000,000 43.8 229.9 0.32 1.43
80~100 1,600 29.6 54.05 0.01 0,02
0-340 2,20,000 .13.75 16,000 2.20 3.14
30-50 24,00,000 108 24,222.2 3.10 34,30




producing lactic cultures and the procedure results in

varying degrees of recovery and purity of different

bacteriocins.

Lozano et al {1992} obtained a 4-fold purified
pediocin PA~1 with a 40% recovery using a 0-60% ammonium
sul fate saturation while a 3-feld increase in the
activity of pediocin PO2 upon preciﬁitation with ammonium
sulfate (0-60% saturation) wasg reported by Coventry et al
(1295). A slightly higher levels of purity (10-~fold) was
cbserved when a 70% ammonium sulfate saturation was used
to precipitate pediccin AcE (Bhunia et al., 1988).
Similarly, Cintas et al (1995} observed a 9-fold

purification of pediocin L50 wupon ammoniuvm sulfate

precipitation.

The other bacteriocins of LAR ﬁrecipitated' gith
ammonium sulfate include: lactococcin 6, which wés
purified to a 35-fold with a recovery of 57% (Nissen
Mever et al., 1992), carnosin 444 with 4-fold increase in
the activity using.0-&0% saturation (vaan Laack et al.,
1992} while Piard et al {15832} obtained a 455-fold
purified lacticin 481 preparation upon . reprecipitation

with ammeonium sulfate (0-80%) of the pellel  recovered

from the culture supernatant using 0-60% saturation.

The variations observed in the degree of purity
amony various bacteriocins of LAB upon concentration with
ammonium sulfate is probably due to the differences in
concentration of contaminating preoteins which lead to

decrease in the specific activity of the bacteriocin

preparations.
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4.7.4 GEL FILTRATION AND ION-EXCHANGE CHRCMATOGRAPHY

4.7.4.1 Effect of Buffers on the Activity of the

Bacteriocin

-

The bactericcin dissolved in various buffers such as
acetate, phosphate and Tris-HCl having different pE
values of 4.0, 4.6 and 5.2; 5.8, 6.4 and 7.0; and 7.2,
7.6 and 8.0, respectively retained 100% activitvy both at
refrigeration (5°C) as well as at ©room (37°C)
temperatures even after 3 days of storage (Table 4.16}.

The bacteriocin of P. pentosaceus remained stable at
both the rcom as well as at refrigeration temperatures in
all the buffers in the pH range 4-8 thus allowing the use
of any such buffer in the further purification studies.
Thé buffers that have been used in the purificzation of
bacteriocins by some workers incluce acetate buifer for
mesentericin Y105 (Hechard et al., 1992), pedizcin S5J-1
(Schved et al., 1993), phosphate buffer for lacticin 481
{Piard et al., 1992), pediocin PA-1 (lozano et al.,
1992), pediocin LS50 (Cintas et al., 1995 and Tris-HCL
buffer was used in the purification of pediscin AcH

{Bhunia et al., 19%88}.

4.7.4.2 Gel riltration through Sephadex G-25 and G-50

The bacteriocin dissclved in 0.1 M phosphate buffer
{pH 6.0} containing 0.1%3 SDS and 0.04% sodium azide was
applied on to a ceolumn of Sephadex G-25 as well as
Sephadex G6-50 which were equilibrated with the same
buffer containing both SDS and scdium azide. The

bacteriocin was eluted from both the colvumns in the first
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Table 4.16 : Effect of different buffers on the bactericcein activity of Pediocecens pentosaceus 34

-

Buffer BH , Activity Units (AU/ml)
- 8eC 37°C
24 Hr 48 Hr T2 Hr 24 Hr 48 Hr 72 Br
Acetate 4. 20,000 20, 000 20,000 26,000 20,000 20,000
4 20,000 20,000 20, 000 20,000 20,000 20,000
20, 000 20,000 20, 000 20,000 20,000 20,000
Phosphate 5. 20,000 20,000 20, 000 20,000 20,000 20,000
_ 6. 20,000 ' 20,000 20,000 20,000 20, 000 20,000
B 7. 20,000 20, 000 20,000 20,000 20,000 20,000
Tris 7. 20,000 20,000 20, 000 20,000 20, 000 20,000
7. 20,000 20,000 20,000 20,000 20,000 20,000
8. 20,000 20,000 20,000 20, 000 20,000 20,000




few fractions immediately after the void volume. Almost
whole of the bacteriocin activity was obtained in these

fractions without any increase in the spécific activity

Sephadex G~25 and Sephadex G~50 gel resins have
molecular weight fractionation ranges of about 1500-5600
and 1500-30000 WDaltons, respectively. The bscteriocin
applied onto the gel columns did not get fractionated as
was revealed by the estimation of protein content and
bacteriocin activity of the pooled fractions obtaiAneci
during the gel filtraiion experiment. It was alsc
observed that both the ammenium sulfare precipitatecd
material and concentrated pooled gel filtration Z“ractiouns

showed an identical protein profile on the SDS-PAGE gel.

The formation o©f aggregates having a molecular’
wéj,ght in excess of 30000 with other bacteriocin
molecnles or other preoteins present in the samsle could
be one of the reasons for the non-fractionaticn of the
bacteriocin sample by the gel resins. The forration of
large aggregates of bacteriocins has also been obsérv‘ed
for other bacteriocins such as helveticin J (Joerger and
Klazenhammer, 1986} and lactacin F (Muriana and
Klaenhammer, 1991). SDS used at 0.13 level in the eluent
was not sufficient to dissociate the bacteriocin
aggregates. However, helveticin J was purified by gel
filtration through s$ephadex G-200 using 0.1% SDS as the
dissociai:ing agent for the bacteriocin agoregates.
Several other bacteriocins of LAB that have been purified
by gel filtration include lactocin § {(Mortvedt et al.,

19913, lactacin F  (Muriana _and Klaenhammer, 1891},
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lacticin 481 {Piard et al., 1892; and pediocin PA-1

(Lozano et al., 1992).

4.7.4.3 8Selection of pH of the Buffer and Type of

Ion-axchanger

The bacteriocin suspended in various buffers of
different pH values was added to lon-exchange resins in
the test tubes equilibrated with the corresponding buffer

having the respective pH value.

It may be seen from the Table 4.17 that the
bacteriocin failed to adsorb to the cation-exchanger
{CM~Sephadex C-25) at all the pH values in the pH rangs
of 4~7. Bince the total bactericcin (20,000 AU} added to
the ion-exchanger remained in the supernatant, it did not
get adsorbed to the resin. However, the bacteriocin
adsorbed on to the anion exchanger (DEAE-Sephadex A-25)
equilibrated with Tris-HCl buffer having pH values of
1.2, 7.6 and 8. Thus a starting pH of 7.2 and
anion-exchanger (DERE-Sephadex A-2%) were selected for

further purification of the bacteriocin.

The failure of the bacteriocin to adsord onto the
cation-exchager ((M-Sephadex C-25) at pH values ranging
from 4~7 indicates that the bacteriocin under these
conditieons carries a net negative chargé and such a
bacteriocin must be rich in acidic amino acid residues
like asparatic acid and glutamic acid and also it may
contain very less number of basic amino acids 1like
arginine and lysine. The present observation ié,
however, at variance with severai other bacteriocins

including diplococcin  (Davevy and Richardson, 1981},

lactococcin (Dufolr et al., 1991}, laetococsin B (Holo er
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Table 4.17 : Selecticen of pH of the  buffer and type of
ion exchanger for the purification of
bactericcin of Fedicecoccus pentosacaus 34

Tvpe of Buffer pH Bacteriocin Bacteriocin in
ion-exchager adscrbed supernatant
(&) (=7)

Cation Acetate 4.0 C 2C, 200

?xghanggrd 4.5 C 20,900

CM Sephadex

C-25) 5.0 C 20,7300
5.5 0 20,000

‘Phosphate 6.0 0 20, 300

6.5 c 20, 200
7.0 7 ¢ 20, 300

Anion Tris 7.2 16,00 4,300

Exchanger ‘ ~ -

{DEAE Sephadex 7'§ 16,790 » =50
g.0 16,030 4,200

A-235)
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al., 1991), lactococcin G’ (Nissen-Meyer et al., 1992)
produced by - lactococcal — strains, mesenterocin 52
(Sudirman et al., 1994) of Leuconostoc sp., lactocin S
(Mortvedt et al., 1981) and acidocin A (Kanatahi et ad.,
1995} of lactobacilli and pediocin PA-1 (Henderson et
al., 1992; Lozano et al., 1892}, pediocin 5J-1 (Schved et
ail., 1983} and pediocin LS50 {Cintas et al., 1995

produced by different strains of Pediococcus sp.

The bacteriocin of P. pentosacsus 34 did bind to the
anion-exchanger _ {DEAE-Sephadex A-25 ) at pH values
ranging from 7.2-2 indicating again that it carries a nerv
negative charge at the above range of pH values. Bhuniz
et al (1988) reported the purification of pediocin AcE by

binding it to the anion?exchanger.

Bacteiiocins of LAB in general are cationic
hydrophobic peptices and have been purified to a great
extent by using a cation-exchinge chromatography. In the
present study, ﬁ#e ‘bacteriocin did not bind to the
cation;exchanger put was bound to the anion—exchaﬁger.
The abnormal behaviour of the bacteriocin of P
pentosaceus 34 may alsc be due to its formation of
aggregates with dther media components that carry a net
negative charge. Henderson et al (1992) observed that
the aggregation apparent in crude ‘preparations of
pediocins was more likely of 5eterogeneous nature

involving other media components rather than self

aggregation.
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Some bacteriocins suth as a highly hydrophobic
gassericin A did not adsork =zither to DEAE- or

CM-exchangers {(Kawai et al., 19%4}.

4.7.4.4 BSelection of the Starting Ionic Strength to

-

adzsork and Elute the Bacteriocin

The bacteriocin in Tris-BCl buffer (pH 7.2} was
added to the DEAL-Sephadex A-25 anion exchange resin in
test tubes which was equilibrated with increasing ionic
strengths of NaCl and the bacteriocin activiiy in the
supernatant was assayed. It may ts seen from the Table
4.18 that the bacteriocin adsorbed equally well to
anion-exchange resin at all the ccrcentrations of NaCl

(0.1~0.4 M) employed in the study.

The bacteriocin of P. pentosaceus 34 did bind to the
DEAE-Sephadex A-25 resin equilibrated. with various,
concentrations (0.05-0.4 M) of ssdiwm chloride. A
moderate ionic strength of 0.5 M is generally employed to
eluté the proteins adsorbed on to 3syhadex ilor-exchange
resin. Thus, the binding of bacterliocin at a moderately
higher concentration of NaCl (C.2 M) indicates a
relatively large negative charge dersity on the molecule.
5alt solutions of higher ionic strength (> 0.5 M),
however, could not be used as the bacteriocin was found
to be unstable in salt solutions of higher concentration.
Bhunia et al {1988) eluted the pediccin AcH bournd to the
anion-exchanger column using a linear salt gradient of

0-1 M.

1t may be suggested from the binding profiles of the
P, pentosaceus 34 bactericcin onto the ion-exchanger and
bacterial cell wall that a significant portion of the
bacterioccin is hydrophobic in nature and at the same time

it contains relatively more number oI acidic amino acids.
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Table 4.18 : Selection of the starting and eluting ionic

' strengths - for the purification of

Pedioccoccus pentosaceus 34 bacteriocin by
DEAE-Sephadex ion exchanger '

5.No. Ionic strength of Bactzriocin activity in
NaCl {#) the supeérnatant (AU}
1 0.00 4,000
2 0.05 4,000
3 0.10 4,000
4 0.15 .4,:'30'0
5 0.20 4,000
6 0.25 4,000
7 -6.30 4,000
8 0.35' 4,000
9 0.40 4,000
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4.8 CHARACTERISATION OF BACTERIOCIN

The partially purified bacteriocin was characterised
with respect tc its inhibitory spectrum, nolecular

weight, enzyme sensitivity, heat and pH stability, mode
of action and the effect of surfactants and szit on the

bacteriocin activity {(Tzbles4.19 to 4.23).
4.8.1 INBEIBITORY SPECTRUM

The inhibitory sSpectrum of partially purifiez
bacteriocin was deternined by agar-well assary (3.4.2¢
against several bacterizl species and a few yeasts. Fid
may be seen from the Table 4.19 that out of the nine
lactococcal cultures tagsted, only two viz. Lz. lactis
subsp. cremoris NCDC8F and Lo, lactis subsp. lactis
biovar. diacetylactis NCDC64 were found to be sensitive
to the action of the béctetiocin. The bacterizcin was,
however, found to be insffective against sll the strains
of Lb. acidophilus, Lb. casel subsp. casei, Ib.
sporogenes, Lb. delbrusckii subsp. -bul_é,rar_icus ars severai
Iother Lactobacillus see. 1isclated from meat sroducts.
The bacteriocin inhikitad ILb. plantarum NCDC2: whereas
two other strains of the same species were resistant to
it., A high percentage {63.6%) of the leuconosiocs were
found to be sensitive tTo the baétericcin action. oQut of
the 22 strains of Leuconostoc spp. tested fof their
sensitivity to the bacteriocin as many as 14 were
inhibited by the bactericcin. ~The bacteriocin exerted
antibacterial activity &gainst a majority of leuconostocs
isolated from spoiled noeat products. The bacteriocin
inhibited only one strzia of pediococci i.e. Pediccoccus

sp. M3 while the other Zour strains used were insensitive

te the bactericcin.
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Table 4.19 : Inhibitory spectrum
pentosaceus 34 bacteriocin

of

Pediococcus

Bacteria -

"Inhibition

LACTIC CRGANISHS:
Ec. lactis subsp. cremoris
NCDC 82
83
86
Lc. lactis subsp. lactis
H/CDC 91
94
94
Lc, lactis subsp. lactis biovar,
digcetylactis
NCDC 60
61
64 .
Lb, acidephilus
NCPC 13
| 14
' 15
Lb. casei subsp. casei
'NCDC 17
AT
Lb, plantarum
NCDC 20
21
22
Lb, sporogenes
NCDC 20
Lb, deaslbrueckii subsp. bulgaricus
NCDC 8
Lactobacillus sp.
b 1

5 L
Leu, mesenteroides subsp. dextranicum

KCpC 3Q
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34
143

Leu. mesentercvides subsp. mesenteroides

NCDC 31
Leuconeostol sp.
30 L
3 L
4 L
5L
M 8
29 L-1
29 1L.-2 to 29 1~7
TOM 1
TOM 5
LM 1
M 2
TA 5
CTA 5
AL
B 3
1 HZ2
T7L
Pediococcus sp.
M3
P. pentosacezus
NCDC 35
P. acidilactici
NCIM 2272
P. pentosaceus
NCIM 2296
P. cerevesiae
NCIM 2171
NON-LACTIC CULTURES
Gram Positive Bacteria
Enterococcus faecalis
MB 1
NCDC 116
NCDC 119
NCDC 122
E. faecium
NCDC 124
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Bacillus cereus
NCDC 66
Bacillus pelymyxa
NCDC 68
Bacillus subtilis
NCDC 71,70
staphyldcoccus aureus
NCDC 109
NCDC 110
Micrecoccus flavus
NCDC 131
- Listeria monocytogenes
MTCC 657
MTCC 1143
Scott A
v 7
L . ivanovii
L. i@@cui
111 .
Gram Negative Bacteria:
Escherichia coli
NCDC 134
Ps. aeruginosa
NCDC 105
Prcteus vulgaris
NCDC 73
Serratia marcescenas
NCDC 108
Salmonella typhi
NCDC 113
Entercbacter aerogsnes
NCDC 106
Yeasts:

Saccharomyces cerevesiac

NCDC 45 7
Saccharomyces cerevesiae
NCDC 47

+ + + + 4+
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The bacteriocin inhibited all the four strains of
Enterococcus faecalis aﬁd one strain of E. faécium.
Among the Bacillus spp., B. cereus NCDC66 was aﬁ%l&l%ited
while B. polymyxa NCDT68 and B. subtilis NCDC‘?IAwere
insensitive. The partially purified bactericcin was
effective against both the strains of Staph. aureus and
algso Micrococcus luteus NCDC131. All the Listeria Spp.
{four strains of L. mcnocytégenes, one strain each of L.
Ivanpvii and L. Innocua) included in the spectrum of

bacteriocin activity were found to be sensitive to the

bacteriocin (Table 4.1%,.

All the Gram negative bacteria and vyeasts tested

were insensitive to the action of the bacterioccin.

Bacteriocins of LA2 on the basis of their inhibitory
spectrum have been divided into two major classes: cone
includes bacteriocins zctive against bacteria that are
-tai{onomically related o the producer while the second -
class is composed of <hose bactericcins that exhibit a
relatively broad rangs of activity extending across
numerous Gram positive bacteria. The a-cterioc’in
prbduced by P. pentosaczsus 34 exhibited a wide spectrum
of activity inhibiting not only closely related lactic
acid bacteria but also ‘other Gram pésitive bacteria
including B. cereus, Staph. aureus etc. The remarkable
feature of the bacterioscin is its extreme antagonistic
activity against different strains of L. monccytogenes
but at the same time it was relatix;ely ineffective
against most of the scrains of LAB which are used as
starter cultures in €£re manufacture of fermented milk
Iproducts. Among the L33, leuconostocs were found to be
the most sensitive with lactococci, lactobacilli ang
pediococci  being  relatively insensitive te  the
bacteriocin. In most cases the bacteriocin action was
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found +ta be strain specific, rather than species

spacific. It failled to inhibit Gram negative bacteria

and yeasts.

Although bacteriocins pf pediococcl described tiil
date possess & broader spectrum of antibacterial
activity, there are variations in their inhibitory
pattern against several indicator bacteria. 1In contrast
to P. pentosaceus 34 bacterlocin, one of the two most
thoroughly characterised bacteriocinsg, pedioccin PA-1 was
ineffective against the strains of Staph. auvreus
{Henderson et al., 1992}. Simijariy, pediocin SJ-1 was
also reported to be not active against Staph. aureus
{Schved er ai., 1893). Though pedipcin EcH‘produced by
P. acidilactici H also has a Dbroader spectrum  of
antibacterial activity {Bhunia et &al., 1988}, but its
action against strains of B. cereus has not been
reported. However, pediocin LS50 was active against a
strain of B. cereus {Cintas et ai., 198%). “he wider
spectrum of antibacterial activity of P. pentosaceus 34
inﬁibiting numerous Gram positive foodborne pathogenic
organismg makes it A potent candidate Zfor the

bicpreservation of foods.

Similarly, other bacteriocins of LAB exhibiting a
wide spectrum of activity include nisin ({Hurst, 1981;
Ray, 1992a), lacticin 481 (Piard et -al., 1980} and
bacteriécin Jdé (Gonzalez et ai;, i%996) from lactococci,
plantaricin 5 (Jimenez-Diaz et al., 1993) and acidocin B
{ten Brink et al., 1994) from lactobacilii. Bacteriocins
of Leuconostdc spp. described till date besides being

effactive against closely related species {mostly strains

of leuconostocsy have alsoe been found to exhibit

antilisterial activity. Such bacteriocins include

mesenterocin 52 {(Mathieu et al., 1893), carnocin LAS4A
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(Keppler et al., 1%924) and dextranicin J24 (Sudirman et
al., 1984). The antibacterial activity of mesentericin

Y105 was restricted only to listerial strains (HBechard et

al., 1992}.
4.8.2 MOLECULAR WEIGHT

The partially purified Dbacteriocin preparatior
obtained by pH dependent adsorption-desorption procedure
was run on SDS-PAGE. One part of the gel with molecular
welght markers was stained with Brilliant Blue G and ons
part of the gel was used to determine bacteriocirn

activity.

It may be observed from the Plate 8 A that the gel
stained with Ehe dye had shown three protein bands with
molecular weights between 6.1 and 14 KDa in the
bacteriocin sample {Lane B and Dj. The gel overlaid with
fhe indicateor strain gave clear :zones of inhibition
(Plate 8 B). Super imposing of stained gel over the gel
" used to detect the bacteriocin activity revealed that the
three protein bands deftected in the stained gel did not
possess the antibacterial activity (Plate & (). The
protein band corresponding to the inhibition Zone could
have molecular weight between 3.5 to 6.1 KDa (Plate 8 C).
The active protein band, however, could not be detected
by Brilliant Blue G staining of the gel. |

The failure to visualise the active protein band in
the SDS-PAGE gel in this study may be. due to very low
concentration' of  the bacteriocin protein or the poor
binding of the dye Brilliant Blue G. This phenomemon was .
also observed while estimating the molecular weights of
mesantericin Y105 (Hechard et al., 1992} and carncsin

LA44A {van Laack et al., 1992) by SDS-PAGE.
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'Plate 8. Determination of molecular weight of
partially purified P. perntosaceus 34
bacterioccin by SDS~PAGE

A) Gel stained with Brilliant Blue G
B) Gel depicting the bacteriocin activity

C) Gel stained with Brilliant Blue G superimposed
on gel depicting the bacteriocin activity:

.

Lane A & C : Molecular weight markers (MDa)

(1]

Lane B & D : Bacteriocin preparation
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The bacteriocin preparation purified by pH dependent
adsorption-desorption method had shown three major
protein bands. Similarly, sakacin A and leuconocin LCMI
purified by the same method showed several protein bands
in the 8DS~-PAGE gels ({Yang et al., 1992). These bands
are probably surface or cell wall proteins. Singe tha
active protein band could not be stained, the direck
detection of bactericcin activity in the unstained
SDS-PAGE gels and the subsequent comparison with the.
stzined gel allowed the estimation of the apparent
moiecular weight of the bacteriocin of P. pentosaceus 3%
to be in the range of 3500-6100 Da. Using a similar
* appreach, the molecular weights of mesentericin Y105 and
carnosin LA44B were estimated to be 2.5-~3 XDa {Hechard et
al,, 1992} and 2.5-6 KbDa ({van Laack et al., 1992},
respectively.  The molecular masses of several other
-baczeriocins viz. pediccin 5 (Daba et al., 1991j,

acidocin B {ten Brink et 4l1,, 1994} have also been

estimated by this method.

\‘\ Bacteriocins of LAB in generaz have  been
characterised as low molecular weight substances.
Molacular weights reported for various pediocins are in
the f:ange 3-6 KDa. Pediocin AcH, pediocin PA-1 as well
as pediocin 5 have a molecular weight of about 4.6 KDa

{(Motlagh et al.,, 1992; Henderson et al.,” 1992; Lozano et
al., 1992; Daba et al., 1994).

Sevefal other low molecular weight (< 10,000 ﬁa}
bacteriocins of ©AB  include nisin - {Burst, 1581),
dipilococcin {Davey and Richardson, 1981), lacticin 481
{Piardlet ail., 19923, lactococcin G {Nissen-Meyer et al.,
1922y, diacetin B {(Ali et z2i., 1895} from lactococci,
leuce cin  A-UAL187  (Hastings and Stiles, = 1991},
mesentericin Y105 {(Hecahrd et ai., 1932}, carnocin LAS4A
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{Keppler et al., 19%94) from leuconostocs and lactacin B

{Barefoot and Klaenhammer, 1884) and acidocin B {ten

Brink et al., 1934}, plantaricins }{ Jimenez-Diaz et al.,
1993). Very few bacteriocins of lactobacilli have been

reported to have  high molecular weights in excess of

30,000 Da (Jeoerger and Klaenhammer, 1986; Vaughan et al.,
1992) . '

4.8.3 ENZYME SENSITIVITY

The sensitivity i.e. less of activity of the crude
and partialliy purified bacteriocins of P. pentosaceus 34
to vwvaricus proteolytic and non-proteolyiic enzymes is
shown in Plates 9 A and 9 B and the residual activity of
the bacteriocin after treatment with enzymes is given in
the Fig. 4.8. It may be seen from the Plate. 9 A that the
bacteriocin was sensitive to all the 12 proteolytic
enzymes viz. trypsin, chymotrypsin, pepsin, proteinase-K, -
prenase-g, ficin, papain and proteéses I, IV, ¥ZII, XvI
and XXIII (spots 3-14). The non-proteolytic enzymes such
as catalase, ribonuclease A, lipase (spots 2, 1% and 17,
respectiveiy in Plate 2 A}, B-amylase and lysczyme {(spots
4 and 5, respectively in Plate 9 B} were iraffective
against the bacteriocin, both in crude and’ vartially
purified forms. However, the bacteriocin was inactivated
by two different o-amylase ‘preparations obtained from
Sigma Chemical Co., USA (spot 15 in Plate 9 A and spots

™3

and 3 in Plate & B).

It may be seen from the Fig. 4.8 that there was a
complete loss in activity upon treatment of both crude
and partially purified bacteriocins with 3all the

prozeolytic enzvmes ({(bars 3-14) and a-amylase .bar 15).

The bacteriocin preparations treated with other

non-proteclytic enzymes such as catalase, JB-amylase,
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Plate 9. Sensitivity of Pediococcus pentosaceus
34 bacteriocin to different proteolytic

and non-proteclytic enzymes

A
1. Control 10. Protease I
2. Catalase 11. Protease IV
3. Trypsin 12. Protease XIII
4, Chymotrypsin 13. Protease XVI
5. Pepsin 14. Protease XXLIII
6. Proteinase-K 15, a-amylase
7. Prcnase-E 16. Ribonuclease A
8. Ficin 17. Lipase
9. Papain

B

1. Control 4. B-amylase

2. a-amylase (Preparation i) 5. Lysozyme
3. a-amylase (Preparation ii)
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1. Contrel 8. Ficin
2. Catalase © 9, Papain ’ 14. Protease-XXIII
3, Trypsin 10. Protease-I 15. Alpha amylase
4, Chymotrypsin "11.: Protease-1V 16. Beta-amylase
5. ‘Pepsin 12. Protease-VILI 17. Lipase
6., Proteinase-X - 13, Protease-XVT 18. Lysozyme
7 ) ) .

. Pronase-E

19, Ribonucleasewp

Fig. 4.8 Effect of enzymes on the activity of
Pediococens pontosanons 34 bactoriorin



lipase, 1lysoczyme and ribonuclease A (bars 2 and }16-13,

respectively) retained 100% of their initial activity,

As bacteriocins are proteinacesous in nature, they
are inactivated by at least «c©ne proteass. The
bacteriocin ¢f P, pentosaceus - 24 was fournd to be
sensitive to Several proteolytic enzymes. It was not
susceptible to the action of lipase thus indiczzting that
no lipid meoiety 1is associated with the antibacterial
property and insensitivity to lyéoz;me reveals tzat there
is no role for peptidoglycon moieties in the inhibitory
activity. However, the bacteriocin was inactivated by

two different o-amylase preparations thereby indicating
it to be a glycoprotein. Thne Insensitivity of the
bacteriocin to f-amylase shows that maltose residues at

RO . , , .
the |, reducing” end of glycoprotein, if any, 1is not

A :
associated with the antagounistic proverty.

Alpha-amylase gensitivity of ths bacteriocizns of LAB
is' an uncommon phenemenon. Leuconocin § produces by Leu.
‘ pare:mesenteroides 0X was reported toc be suscertible to
the action of o-amylase (Lewus et al.,. 1992y,
Bacteriocing, carnosin LA44A (van Laack ef al., 1392} and
carnocin LA54A (Keppler et ai., 1%94) both prcduced by
different strains of Leu. carnosum alsc lost their
activity upon treatment with o-amylase. Similarly,
pediocin SJ-1 produced by P. acidilactici SJ-1 was also
characterised as glycoprotein as it lost its activity
after treatment with a-amylase (Schved et al., 1993).
Plantaricin S but not plantaricin T, produced by ILb.

plantarum LPCO10 was reported to be sensiztive to

a-amylase and lipase suggesting that it was

glycolipoprotein ({Jimenez~Diaz et al., 1993).
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The sensitivity of bacteriocins of LAB to wvarious
proteolytic enzymes has been reported widely. All
pediocins, with the exception of pediocin 5J-1, havef
however, been reported te be resistant to non-proteolytic
enzymes (Gonzalez and Kunka, 1887; Bhuniz et &l., 1938;
Daba et al., 1991; Schved et al., 1993; Coventry et al.,

1945},

4.5.4 EFFECT OF PROTEASE INHIBITORS ON THE INACTIVATICOM

OF" BACTERIOCIN BY o-AMYLASE

The results pertaining fo the effect of protease
inhibitors on the Iinactivation _of bacteriocin by

a-amylase is given in Table 4.20 and Plate 10. Although

the bacteriocin was totally inactivated by a-amylase
{spof 5 in Plate 10), it was insensitive to the action of
aramylase when the later was pretreated with either PMSF
or a combination of PMSF énq iodoacstamide as is evidert
by, the presence of zcnes of inhibition {spot 3 and 4,
re556ctiVEly) and. also by the retention of 1003 of the
. original bacteriocin activity (Table 4.20). However,
pretreatment with iodoacetamide’ alcne did not have any
adverse effect on. the inactivation of the bacteriocin by

a-amylaée.

Iodoacetamide inhiﬂits the cysteine proieinases,
whereas PMSF is 'generally used as inhibitor of serine
proteases. Treatment of both the a—amylése preparations
with both inhibitors 'prior to thei% use in the
inactivation . assay did nét result in the loss of
bacteriocin activity indicating that the enzyme
‘preparation was contaminated with either cysteine

proteinase or serine proteinase or both. However,

a~amylases treated with PMSF, but not lodoacetamide, were
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Plate 10. Effect of protease inhibitors on the
inactivation of P. pentosaceus 34

bacteriocin by a-amylase
l. Bacterioccin

2. Bacteriocin + a-amylase treated with Iodn—'
acetamide '

3. Bactériocin + g-amylase treated with PMSF

4. Bacteriocin + a-~amylase treated with both PMSF
and Iodoacetamide . ' :

5. Bactericcin + a-amylase
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Table 4.20 : Effect of protease inhibitors on the
activity of ¢g-amylase in the inactivation
of Pediococcus pentosaceus 34 bacteriocin

[}

5.No Sanple Activity Units
{2U/mi)
1 Bacteriocin ) 20000
2 Bacteriocin + a~amylase C
.3  Bacteriocin + a-amylase + PMSF 20000
4 Bpacteriocin + a~zmylase + 3
Iodoacetamide
Bacteriocin “+ o~emylase + PMSF + 20,000

Iodoacetamide
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ineffective in destroying the bacteriocin activity, thus
providing evidence that coritaminating serine proteinases
but not cysteine proteinases were actually responsible
for the loss of activity of the bactericcin treated with

x~amylases.
'of the two o-amylase preparations used in the
inactivation studies of carnosin LAd4A, wvan Laack et al

{1992) reported that the enzyme preparation obtained from
Flﬁka, hut not from Sigma, inactivated the bacteriocin

and were unsurxre whether .the observed sensitivity to
a-amylase represented the actual sensitivity or peossible

contamination of <o«a-amylase with certain proteases.
Schved et al (1892) used the protease inhibitoré such as
iodoacetamide and PM5F to destroy the contaminating
proteases and found that wo-amylase was still active
against pediocin 8J-1 thus confirming the glfgoprotein
nature of the bacteriocin produced by P. acidilgctici

sJ-1.
4.8.5 HEAT STABRILITY

P. pentosaceus 3% bacteriocin preparation in both
crude an& partially purified forms was found to be sthble
to different heat treatments viz. 63°C for 30 min, 75°C
for 30 min, 85°C for 10 and 15 min, 90°C for 10 and 15
min, 100°C for 5, 10, 15, 30 and 60 min and 121°C for 15
‘min. The stability of both the preparations to the last
two Lreatments i.e. heating at 100°C for 5, 10, 15, 30
and 60 min and 121°C for 15 min is preseﬁied in Plates 11

& and 11 B.

It i1s alse shewn iIn the Fig. 4.9 that . the
macteriocin in both the forms completely retained their
respective activities at 100°C for 30 min, but Ilost
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Plate . 11. Heat stability of Pediococcus
pentosaceus 34 bacteriocin

A : Crude bacteriocin
B : Partially purified bacteriociu

1. 100°C/5 min 4, 100°C/30 min

2. 100°C/10 min 5. 100°C/60 min
3. 100°C/15 min . 6. 121°C/15 min
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Fig. 4.9 Effect of heat on the antimicrobial activity of
Pediococcus pentosaceus 34 bactericcin




around 20% of the activity after 60 min. Auntoclaving
{121°¢ for 15 min} of the bacteriocin preparations
resulted in a loss of about 40% of the initial gcfivity.

‘The retention of the bacteriocin activity after
different heat treatments amply shoWws that the
bactericcin of P, pentosaceus 34 1is exiremely heat
stable. Bacteriocins of L&E in genergl are heat stable
antibacterial substances. The extreme heat stapility is
believed to be because of their simple structure. ALl
the pediocins described till date have been Ffound to be
low molecular weight heat stable peptides (Bhuniz et ai.,
1988; Daba et al., 1991; Schved et al., 1983). The
activity of pediocin & (Daba et al., 19%91), pediocin S5J-1
. {5chved et al., 1293]) and pediocin L530 ({Cinta= et ai.,

1995) was also not affected affer heat treatment for 30
min at 100°C. It was &lso reperted that pedizcin SJ-1
retained 75% of the initial activity after heating for 15
,m}.n at 121?6 at pH 3.6. However, bacteri:cins of
Klacnhammer, 1986) and helveticin V-1829 (Vaughar et al.,
1992} were reported to be heat labile. The heat
éénsitivify of these bacterioccins is apparent from their
size and the apparent complexity of their protein
structure in contrast to other bacteriocins of LZ3.

_laét_obacilli such as  helveticin J {Joerger  and
A

4.8.6 pH STABILITY

‘The results relating to the pH stqbilit'y of crude
bacteriocin are shown in Plate 12.  The bacteriocin
remained stable at pH 12 for 2 hr (Plate 12 A), .1 for 24
hr (Plate 12 B), 10 for 7 days (Plate 12 C) and at pH 9

for 19 days (Plate 12 D}.

The estimation of the residual activities ¢f the pH
adjusted culture broths (Fig. 4.10}) revealed that the
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Plate 12. pH stability of the bactericcin of
Pediococcus pentosaceus 34 '

A. Crude after 2 hr

B. .Crudeéfter 24 hr

C. Crude after 168 hr
{(Numerals indicate pH values)

Continued






Plate 12. pH stability of the bacteriocin of
Pedioceoccus pentosaceus 34 {contd.)

D : Crude after 360 hr

{(Rumerals indicate pE values)

E : Purified after 360 hr

(Numerals indicate pH valuas)
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Fig. 4.10 Effect of pH on the activity of crude
bacteriocin produced by Pediococcus pentosaceus 34



bactericcin in crude form was extremely stable to pH in
the range 1-7 retaining 100% activity throug’_}wut the 1%
days storage period. It lost about 36.4% of the initial
activity after 8 hr -+ at pH 8 with no further loss of
activity after 15 days of storage. At pE 9, the residuaZ
bacteriocin activity was found to be only 4.12% after 15
days of storage. There was no detectable bacteriocin
activity after 15 days of storage at pH 10, 7 days at p¥
11 and after 8 "hr at pH 12, The estimated residual
activities of the bacteriocin at pH 10 were 12.1, 3 andg
3% after 8 hr, 1 and 7 days of storage, respectively,
while the residual activity at pH 11 decreased from 3 tc

0.15% during the storage of 24 hr.

The estimation of residual activities of the
partiaily purified bacteriocin of P. pentosaceus 34
adjusted to different pH values revealed that the
bacteriocin retained total activity in the pH range 1-8
even after 15 days of storage at 5°C (Plate 1I E, Fig.
4.11) . There was about 60% loss of the bacteriocin
activity at pH 9 and 10 after 24 hr, and 70% after 1f

days.

When the pH of the crude bacteriocin adjusted to 12
or above was lowered to the initial value (pH 4; and the
pH readjusted samples were assayed for their inhibitory
activity against the indicater strain, no inhibitory

activity was noticed.

The bacteriocin preparations of P.- pentosaceus 34
thus remained stable and active over a wide range of pH.
The bacteriocins of scme of the lactococcal strains such
as lactococcin produced by Lc. Jlactis subsp. lactis
(Thuault et al., 1991} and bacteriocin S50 produced by
L¢. lactis subsp. lactis. biovar. diacetylactis {Kejic et

al., 1991} also did not loose activity after exposure for
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24 hr between pH values .2 and 11. In contrast to
pediocin AcH which lost its activity after 24 hr at 25°C
at pH 10 and above, the bacteriocin. of P. pentosaceus 34
remained active for more than 10 days at 5°C at pH 10.
Bacteriocin S50 was alsco reported to lose the activity at
pH 12 within 30 min. The activity of lactosrrepcins,
however, was completely lost when pH was ralsed to 7 or
above (Kozak et al., 1878). Likewise, carnocin LASA2
lost about 50% activity between pH 6-7 and 90% at pH 1G
(Keppler et al., 1994). Bacteriocin in the presesnt study
did not get destabilised during storage for 1Z days at
5°C over a pH range of 1-7 (crude} and 1-8 fpartizlly
purified). The heat treated crude lacticin 481 also did
not show any decrease in the activity both at vH 4 zand
7.5 after 15 days of storage at 5%C. However, unheated
lacticin 481 lost 50% and B87.5% of the initial activity
after 2 and 7 days, respectively at 4°C.

 The fact that P. pentosaceus 34 bacteriocin activity
'cqulgm£%F be revived when the pH of the samples adjusted
- to 12Awere brought down to 4 indicated that the loss in

its activity was irreversible.

4.8.7 EFFECT OF PpH ON THE HEAT STABILITY OF THE
BACTERIOCIN

The results pertaining to the 1impact o¢f heat
treatment on the crude bacteriocin adjusted to different
pH values are delineated in Plate 13 and Fig. 4.12. ‘The
crude bacteriocin subjected to heat treatment at 75°C for
30 min and 160°C for 10 min retained its total activity
in the pH range 1-7 but lost  about 41.1% and 26.67% of .
the .activity at pH & and B9, respectively, with no
' detectable activity at pH 10 and above. Howe<wver, the
crude bacteriocin which was not given any heat tTreatment

retained total activity in the pH range 1-7 but the less
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Fig, 4.12 Effect of pH on the heat sgpility of the crude
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of activity was found to bg about 35.4%, 72.7%, 287.,9% and
97% at pH 8, 9, 10 and 11,-respectively. The bacteriocin
. adjusted to pH 11 produced a zone of inhibition in the
épotaonvlawn assay [spot 11, Plate 13 A)‘ while the
bacteriocin given the two heat treatments exhibited =

zone of inhibition only at pH 9 {spot 9, Plats 13 B).

The amnonium - sulfate fracticonated Dbactericcin
remained active retaining total activity in the pH range
1-8 and residual activity at pH 9 and 10 was calculated
tc be about 40% (Fig. 4.13, Plate 14 Aj. The sams
preparation heated at 100°C for 10 min retained 1003
activity upto pH 7 only, beyond which the residazal
activities were €0, 20 and 1% at pE 8, 9 and 39,
respectively. Almost complete loss of activity of <he
heated bacteriocin at pH 10 may also be visualised by a
very small zone of inhibition (spot 10, Plate 14 B).

Pédiococcus pentosaceus 34 bacteriocin was found =¢
show heat stability over a wide range of pH. “he
bacterioccins of several LAB have, however, been reporzed .
to be heat stable under acidic conditions only. An §0%
loss of activity of mesenterpcin 52 has been reported at
pH 7-after a heat. treatment of 100°C/15 min {(Mathieu ot
al., 1993). The same heat treatment resulted in 50% loss
of activity of pediocin PO2 at pH 2.5 (Coventry et ai.,
1895). In a similar study, 1t was observed that though
pediocin SJ-1 retained total activity at pH 3.6 after 30
min at 100°C, but lost about 90% of its activity at pH 7
{Schved et al., 1883}. Likewise, brevicin 286 lost
substantial amount of antibacterial activity when heated
at 100°C at pH > 6 (Coventry et al., 1996}, The loss of
inhibitory activity o©f  heated P. pentosaceus 34
at pH 10 is in agreement with the loss of

bacteriocin
activity of pediocin AcH at the same pH when heated for

15 min at 93°C (Bhunia &t al., 1988}.
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Plate 13. Effect of pH on the heat stability of
the Pediococcus pentosaceus 34 crude
bacteriocin

. A : Control
B

: Heat treated (75°C for 30 nmin/100°C for
- 10 min)

{(Numerals indicate pH values)
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Fig. 4.13 Effect of pH on the heat stability of
Pediococcus pentosaceus 34 bacteriocin
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Plate 14. Effect of PH on the heat stability of
the partially purified P. pentosacéus
34 bacteriocin
A : Control
B : Heat treated (100°C for 10 min)

{(Numerals indicate pH values)
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The ammonium sulfate érecipitated bacteriocin of P.
pentosaceus 34 was also found to be heat stable at p=
values from 1 to 7 with loss of activity being detectexs
at pH 8 and complete loss in activity at pH 10. I
contrast to this observation, loss of activicy oI
ammonium sulfate precipiltate of leuco c¢in A-UALIZ7 was
detected at pH & and was very severe at 8 when boiled for

20 min (Hastings et al., 1991;.

The activity and stability of P. pentosaceus 34
bacteriocin over a wide range of pH and also itz
thermostability at or near neutral pH wvalues may make
this bacteriocin serve  as an effective natural

biopreservative.
4.8.8 MODE OF ACTION

. The results regzrding the mode of action of
bagteriocin on the ‘cells of ILb. plantarum NCDO955 is
‘depicted in Fig. 4.14., It mav be discermed that addition
of higher concentraticns of bacteriocin brousht about
complete destruction o©f Lb. plantarum NCD0OS55 in less
than 30 min as no survivors could be detected when 0.1 ml
of undiluted sample was spread on TGE plates. The
bacteriocin added at lower concentrations viz. 200 and
2000 AU/ml resulted in about 3 and 3.2 1log cycle
reduction, respectively in the first half-an-hour of
addition reaching to 4 and 4.3 log cycle reduction at the
corresponding concentrations at the - end of 4  hr
incubation period at 30°C. The control sample without
any bacteriocin showed a 0.7 log cycle reductien in the
viable c¢ell counts at the end of the 4 hr incubation
period. The difference in the viable c¢ell counts between

contrel and experimental {bacteriocin added at a
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Fig. 4.14 Effect of the Pediococcus pentosaceus 34 bacteriocin
on the resting cells of Lb. plantarum NCPO355 at 30°C




concentration of 200 and ZQOO A/ml) samples was obsgrved

to be 3.3 and 3 log cycle after 4 hr of incubation.

To find out any lysis or leakage of the susceptible
cells due to the activity of the kacteriocin, changes in
the absorbance values of the cell suspension (5 x 10°-
cells) were monitored at two diffsrent wavelengths viz.
260 and 600 nm during the 4 hr incubation period at 30°cC.
It may be seen from the Table 4.21 that optical density
values of the bacteriocin in phosphate buffer (20,000
AU/ml} remained constant (0.05 and 1.71 at 600 and 260
nm, respectively) at both 0 and 4 hr of incubation. The
cell suspension in phosphats buffzr alsce did not show
ceither decrease at 600 nm or incresase at 260 nm in ths
optical density values. The Q.D. at 0 hr was 0.57 ang
after 4 hr it was found to be C,53. Similarly, the
values Of O.R&t26ﬁf§ére 1.93 and ;.94 at 0 and 4 hr of
incubation, respectively. The cell suspension in
phosphate buffer'containing bacteriocin showed an ¢.D.
value at 600 nm of 0.€4 in the becinning and 0.6 at the
end of 4 hr incubation period. The 0.D. values at 260 nn
were 3.25 and 3.37 at start and end of the incubation
period, respectively. - Thus, there were no detectable
changes in the 0.D. 260 and 0.D.630 values of all the
three samples during the incubation period for 4 hr at

30°C.

.The bactericidal action ‘was cobserved within a few
minutes (Fig. 4.14} after the addition of the bacteriocin
as revealed by a 99% reduction in the viable cell counts
in the fifst 30 min, At the end of 4 hr incubation
period, the viable cell counts in the bacteriocin added
samples were 0.02-0.04% of the control samples. It was
alsoc observed that cell death was rot accompanied by the
lysis of the cells (Table 4.21) since there were no

changes in the absorbance values at 260 and 600 nm at the
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Table 4.21 : Changes in the optical density values of
Lactobacillus plantarum NCDOS55 incubated
with bacteriocin in phosphate buffer (pH €)

at 2Q°C

Senple C.D, at 600 nm ©.D. at 280 nm

OHr 1 Hr 2 Hr 4 Hr|0O Hr 1 Hx 2 Br 4 Hr

Phosphate - 0.05 0.05f1.71 - 1.721.71
buifer + 0.052
bacteriocin

Phosphate  0.57 0.56 0.54 0.53 :1.93 1.94 1.96 1.94

busfer +
cells

)

Phcsphate  0.64 0.63 0.62 0.60 3.25 3.25 3,37 3.37

buifer +
bacteriocin
+ cells




end of 4 hr incubation period even in the presence of
very high concentrations (2,00,000 AU/ml) of P,

pentosaceus 34 bacteriocin. It may be concluded that 2.

pentosaceus 34 bacteriocin exhibited a Ybactericidal

non-bacteriolytic mode of action on the sensitive L.
plantarum NCDQ955 cells. The indicator cells that
survived the bactericcin treatment were, however, found

to pe sensitive to the bacteriocin.

Except for a few exceptions, bacteriocins of IAB, in
general, are bactericidal in their mode of action. In
some strains, the bactericidal effect is associated with
the lysis of cells. The bacteriocins of LAB exhibiting 2
pbactericidal, non-bacteriolytic mocde of action include
pediocin AcH (Bhunia et al., 1988}, pediocin SJ-1 (Schved
et al., 1993}, helveticin J (Joerger and Kilzenhamnmer,
is84¢), helvelficin ~ V-1828% I(Vaughan et - al., 198z},
diplococcin (Davey -and Richardson, 1981), bacteriocin S50 -
(Ko*ic ot al., 1991) etc. Some tacteriocins such as
leuce cin B-Talla bring about the killing effect by
lysing the cells and thereby exhibiting & bactericidal,

baczeriolytic effect (Felix et al., 1994).

Some bacteriocins that exhibit bacteriostatic mode
of action include leuconocin S (Lewus et al., 1992) and

helveticin CHNREZ450 (Thompson' et al., 1996).

4.8.9 EFFECT OF SURFACTANTS

The ammonium sulfate precipitated bactericcin was
treated with a variety of surfactants. It may be noted
from the Table 4.22 that treatment of the bacteriocin
with Tween 20, ‘Tween 80 and Triton X-100 registered an
increase of 20, 20 and £0% in the activity, res;ﬁectivel‘y.

The bacteriocin ackivity increased by 20, 200 and 300%
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Table 4.22 : Effect of surfactants on the activity of
Pediococcus pentosaceus 34

Surfactant .. Concentra- Activity Units (27/ml)
tion (&)

Surfactant =~  Bacteriocin =+

Surfazcant
None . - - 1,037,000
Tween 20 . 1l.¢ a ‘1,23, 000
Tween 80 1.0 0 1,22,000
Triton X-100 1.0 o 1,635,000
SD& 0.2 Q 1,272,000
0.5 200 : 2,072,000
i.¢ 200 3,02, 000




upon treatment wilh 0.1, 0.5 and 1% 5DS, respectively.
Among the different concentrations of surfactant as
controls, only SD3S at 0.5 and 1% level exhibited a

negligible bacteriocin titre of 200 AU/ml on the

indicator strain.

Bacteriocins of LAB have a tendency to form large
macro-molecular complexes after aggregating with other
bacteriocin molecules or medium components. — Non-ionie
detergents such as Tween 20, Tween 80 and Triton X-100 at
1% level did not result 1in significant increase in
bacteriocin activity indicating that these agents are not
capable of dissociating aggregates of P. pentosaceus 34
bactericcin. However, anionic detergent, 5SDS used at
0.5% and 1% level resulted in a 200 and 300% increase in
bacteriocin activity, respectively. The increase in
bacteriocin activity could be attributed te  the
dispers_mn of bactericocin complex thereby r&leas:.ng more

units for the actlvz.ty

ks

5
» The formation of bactzriocin aggregates has also

been reported in bacteriocins such as helveticin J
(Joerger and Klaenhammer, 1986), pediocin AcH (2hunia et
al., 1988) and lactacin F (Muriana and Klaenhammer,
1991). Whereas, SDS had a favourable effect on the
dissociation and a conseqﬁent increase¢ in the activity
{40%) of lactacin F {(Muriana and Klaephammexr, 1991), it
had a detrimentél effect on the activity of helveticin

V-1829 (Vaughan et al., 1992).
4.8.10 EFFECT OF SODIUM CHLORIDE

It may be seen frem the Table 4.23 that the sodium
chloride upto' a concentration of 0.4 M did not have any
deleterious effect on the bacteriocin activity.

Treatment of the bactericocin with ¢.5 M and 1 M Rall,
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‘Table 4.23 : Effect of sodium chloride (NaCl) on the
activity of Pediococcus pentosaceus 34

bacteriocin
S.No. Concentration of NaCl Bacteriocin aczivity
(M) in 25 mM Tris-HC1 (AU/ml)
Buffer; pH 7.2
1 0.0 - 20,000
2 0.1 20,000
3 0.2 20,000
4 0.3 20,000
5 0.4 ‘ Z0,00b
6 0.5 14,000
7 1.0 14,000
é 2.0 8,000
9 3.0 8,000
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however, resulted in 30% ‘loss in the activity which
increased te 70% with an increase in the concentration of
NaCl toc 2 or 3 M. The salt solutions as control failed
to exhibit any inhibitory activity on the indicator
organisms. It seems that WNaCl at relatively higher
concentration exerts & toxic effect “on the bactericcin
molecule and thus, leads to loss of the antagonistic

activity.

4.9 PLASMID PROFILES OF SELECTED PEDRIOCOCCAL CULTURES

It may be seen from Plate 15 and Table 4.24 that the
number of plasmids in pedicococcal culturss ranged from
nong in P. pentosaceus 37 (Lane I) zZ2 a meximum number of
8 in three cultures wviz. P. pentosaceus 36 (Lane J),
Pediococcus sp. 38 (Lane H) and P, acidilactici 45 (Lane
E). The size of plasmids ranged frem 1.6 to 49 MDa. The —
plaSmid‘profile of P. pentosaceus 36 and Pediococcus sp.
38 were identical while six of the eight plasmids found
in “P. acidilactici 45 shared an identical size to those

found in P. pentosaceus. 36 and Pediccoccus sp. 38,

cut of the':three pediccocecal cultures viz., P,
cerevisiae NCIM2171, P. acidilactici NCIM2292 and P.
pentosaceus NCIMZ296, the latter two, cultures 1i.e.
NCIM2292 and NCII;&ZZSB were found to contain 5 plasmids
identical in molecular size, while the third culture
NCIM2171 contained 6 plasmids, thvee of which differed in
size from that of the plasmids present ;p the other two

cultures.

The bacteriocin producing cultures of P. pentoséceus
12, 16, 21, 26 and 34 (Lane P, N, ™M, L and K,
respectively) contained 5-7 plasmids ranging in size from
1.6 MDa to 49 MDa (Table 4.24, Plate 15). The largest
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Plate 15. Agarose gel electrophoresis of plasmid
DNA from selected pediococcal cultures

- E. coli V517/Marker DNA
- P. pentosaceus NCIM 2296
- P. acidilactici NCIM 2292
- P. cerevesiae NCIM 2171
- P. acidilactici 43

- P. acidilactici 43

- Pediococcus sp. 40

- Pediococcus sp. 38

P. pentosaceus 37

- P. pentosaceus 36

- P. pentosaceus 34

- P. pentosaceus 26

- P. pentosaceus 21

- P, pentosaceus 16

- Pediococcus sp. 13

- P. pentosaceus 12

- P, pentosaceus 8

Lane
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Table 4.24 : Plasmid profile of seleated pedioccocgal isolates

Isolate No. of Size of the plasmid (MDa)
plasmids
Pediococcus sp. 8 2 45 10
P, pentosaceus 12* 6 49 10 4.6 3.6 3.2 2.
Pediococecus sp. 13 5 35.5 .27.5 10 & 1.8
P. pentosaceus le* 7 49 11 4.6 3.6 3.2
o £ pentosaceus 21% 6 49 10 4.6 3.6 3.2
™ P. pentosaceus 26+ 5 11 4.6 3.6 3.2 2.1
P. pentosaceus 34* 5 11 4.6 3.6 3.2 2.1
P. pentosaceus 36 8 41 32.4 11 6.5 4.9 2.
P, pentosaceus 37 Q
Pedioroccus sp. 38 9 41 32.4 11 6.5 4.8 2.
Pediococcus sp, 40 3 4.3 3.5
P, acicilactici 43 4 40.7 32.3 11 7.2
P, acicilactici 45 8 49 21,5 i} 6.5 4.8 - 2,
P. cerevisiae 2171 6 35.5 12.3 8.1 6 3.8 1
r.oacieiifaclici 2292 7 3h.Y 11 A4 3 1.7
P. 'pentosaceus 2296 5 35.5 11 4.3 1.7

* Bacteriocin producers



plasmid of 49 MbDa was found in P, pentosaceus 12, 16 and
21 while the smallest plasmi'd of 1.6 MDa was found in P.
pentosaceus . 16 only. it may also be observed that the
size of the 5 plasmids present in all the five
bacteriocin positive cultures was 1identical and the
approxim&te molecular size ©f the five plasmids was

calculated to be 2.1, 3.2, 3.6, 4.6 and 11 MDa.

The first evidence of plasmid DNA in pediccocci was
reported by Gonzalez and Kunka (1983) who observed the
presence of one or two plasmids in the strains of &
acidilactici and P. pentosaceus. Later, Graham and McKay
(1985) observed the presence of three to six resident
plasmids ranging in size from 4.5-39.5 MDa in each of
five parental pediococcal cultures examined. In the
present investigation, the number and size of plasmids
obtained is quite similar to those 'repbrted by Graham and
McKay (198‘5) in different pediococcal cultures.

Five bacteriocin producing cultures . of P,
pentosaceus isolated inm the study were found te contain
five identical plasmids in them, indicating that they are
different strains of the sanme 'speeies. Similar
observations have been made by Hoover et al (1988} and
Ray et al {198%a} in different species of~ Pediococcus and

three different strains of P. acidilactici, respectively.

4.10 GENETIC DETERMIMANTS OF BACTERIOCIN PRODUCTION

The results pertaining to the curing; experiments are

presented in Tabples 4.25 and 4.26.
4.10.1 CURING BY CHEMICAL AGENTS

Pediococcus pentosaceus 34 was grown at 37°C in TGE
broth containing different concentrations of various
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intercalating agents such as acridine orange {50—2@0
pg/ml) acriflavine (10-30 p%/ml}, ethidium bromide (10-40
pg/ml) and the antibiotic n.ovobiocin (10~70 pg/ml). The
effect of these curing agents 1in generating cured
variants lacking bacteriocin production is shown in Table
4.25. It may bé deduced from the data that ncne of the
960 colonies screened for bactericocin production were Bac”
thereby indicating the ineffectiveness of these curing

agents in the generation of Bac™ variants.

The reports concerning the effect of different
curing agents in the generation of Bac™ variants of Bac’
pediococcal strains are conflicting. Whereas Graham and
McKay (1985) reported the ineffectiveness of acriflavine
and acridine orange in yielding Bac’ variah:s of P.
cerevisiée FBB63, Hoover et al (1988) were successful in
isolating Bac®™ variants by growing the bacteric:zircgen:tc
Pediococcus spp. in-the presence of the very sams agents.
Other workers (Ray et al., 198%9a; Daba et a.., 19%i;
Schved et al., 1993) have also reported the effectiveness
of acriflavine in obtainiﬁg bacteriocin negative
variants. Graham -and McKay (1985) and Ray {1289a)
reported a favourable effect of novobiocin at various
concentrations in curing pediococcal cultures of Bac”
phenotype. Similarly, sevefal other workers have
reported the ineffectivenéss of acriflavine, acridine
orange and ethidium bromide to yield Bac™ variants of
various bacteriocin producing'lactic cultures - . . _°

Cey (Scherwitz et al., 1983; Joerger and

Klaenhammer, 1986 and Daeschel-et-al., 1990},
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Table 4.25 : Effect of wvarious chemical agents on the
curing of Bac® phenotype in Pediococcus

pentosaceus 34

Chemical Concentration No. of colonles No. of Bac

agent {ug/ml} screened for cclonies
bacteriocin
production
Acridine 50-200 224 0
orange
-Borifiavine 1G6-30 182 4]
Ethidinm 10~40 - 224 0
brpmide
Novobhiocin 10=70 320 2]
Total ' 960 O

225



4.10.2 ELEVATED TEMPERATURE WITH OR WITHOUT CURING AGENTS

The results relating to the efficiency oif elevated
(45°C) temperature of incubation and combination of
elevated temperature and chemical curing agsznts in
curing the bacteriocinogenic test strain P. penftosacaus
34 of bacterioccin production are presented in Table 4.26.
It was observed that the incubation of the parent strazin
at 45°C was not effective in ganeiaticn of Bac variar-s,
Incubation o©of the parent test strain. at 45°C in <zhe
presence of different concentrations of intercalating
agents such as acriflavine (5-15 ng/ml) and ethidium
bromide {10-20 ug/ml; alse failed to vyield variaznts
lacking ability to produce bacterioccin. None c¢f the £72
colonlas screened from the zbove treatments wers Bac in
nature. Although growth at 45°C in TGE broth containing
30 and 35 ug/ml novobiocin could not cure the parent of
Bac’ phenotype, novobiccin at higher concentratioms (19,
45 and 50 ng/ml) was effective in the generation of.a Zaw
Bac™ variants. A total number of 15 cured variarts in =211
“were obtained which failed to inhibit the growth of zhe
indicator strain P. acidilactici LB42 in the simulfanecus .
antagonism method (Plate 16}. The combined éffect of
sublethal temperature (45°C} and different concentrations
of novobiocin viz. 40, 45 and 50 ug/mi yﬁelded i, 6 ancd 8
Bac™ variants, respectively and'fhe ccrrespoﬁdihg curing
efficiencies were calculated to be 1.67, & and 3,76%.

The inability of the cured variants to produce
bacteriocin was further confirmed bv growing them in MRS
broth at 37°C for 18 hr and assessing the iba:teﬁiocin
activity of the heat Xxilled culture broths againét 2,

acidilactici LB42 by spot-on-lawn assay (Plate 17V,
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Table 4.26 : Effect of elevated/sub-lethal temperature
(45°C) with or without chemical agents on
the curing of Bac' phenotype in Pediococcus
pentosaceus 34

Chemical Concentrati No. of No. of Coring
agent on {(pg/ml) colonies Bac” eificieng,
screened for colenies %)
bacteriocin
production
- - 32¢ 0 -
Acrifiavine & ‘ 32 0 -
10 32 0 -
15 ‘ 96 0 -
Bthidium 10 32 0 w
20 128 0 -
Novebiocin 30 41 0 -
' 35 72 0 -
40 60 1 1.057
45 100 6 5
50 iss 3 3.76




Plate

16.

+

Screening of colonies of Bac
Pedioccoccus pentosaceus 34 exposed
to curing agents for bacteriocin
activity by simultaneous antageonism

method.

Arrow indicates variants that have been cured of
bacterioccin production. B

Plate 17. Antibacterial activity of parent (Bac')

cured {Bac’} - variants of

- Pediococcus pentosaceus 34.

P

- Parent

Cl to C7. - Cured ‘(Bac") variants
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Bacteriocin negative variants could not be isolated
even after growlng P. pentosaceus 34 at 45°C in the
presence of acriflavine or ethidium bremide (Table 4.26)
indicating the highly stable nature of Bac® gene.
However, growing the culture at 45°C in the presence of
novobioc-in resulted in the generation of ;rariants lacking
bacteriocin production. W®While Gonzalez and Kunka {1987)
and Schved et al (18%3) were successful in isclating Bac
variants of different strains of p. acidilactici by
growing the cultures only at elevated temperature, Daba
et al {1981y failed to obtain 3ac™ wvariants of P.
acidilactici ULS even at 50°C, Graham and McKay {(1985)
reported that growing P. pentosaceus bFBBGS in the
presence of novoblocin at its optimum growth temperzature

resulted in the generation of Bac™ variants.

4.11 CHARACTERISATION OF BAC™ VARIANTS

The Bac variants obtained in tXe curing exberlments
.were characterised for their plasmid prefile, resistance
to parent bacteriocin, carbohydrate fermentazion and
antibiotic susceptibiiity pattern in relation to the
parent culture P.- pentosaceus 34 and the results are
presented in Plate 18, Fig. 4.15 and Tables 4.27 and

4028.

4.11.1 PLASMID PROFILES AND BACTERIOCIN RESISTANCE

The plasmid profile of the parent and all the 15 Bac”
variants is given 1in Plate 18. The parent culture
contained 5 plasmids and molecular sizes of the
individual plasmids were: 2.1, 3.2, 3.6, 4.6 and 11 MDa
{Plate 18 A). It may be observed that some Bac variants
were deveid of none (Lane ) to all the five (lane D and
E) plasmids present in the parent (lLane B), whereas some
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Plate 18, Agarose gel electrophoresis of plasmid
DNa

& : Bac® Pediococcus pentosaceus 34

Lane A - E. coli V517 (Marker Plasmid DNAa)
Lane B -~ Bac¢’ Pediococcus pentosaceus 34

{Molecular weights in MDa}

b : Bac® P. pentosaceus 34 and its cured

variants
Lane A ~ E.coli V517 (Maskér Plasmid DNA)
Lane B - Bac' Pediccoccus pentosaceus 34

Lane C to O - Bac™ cured variants (Cl1 - C185)

(Molecular weights in MDa)
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jost one {Lane J-0} while some other Bac”® variants logt 3
{Lane F-I} plasmids found in thé -parent culture {Plate
18h) .

The grouping and designation of the cured variautg
is given Table 4.27. The cured variants were assigned to
four groups on the basis of the plasmids Cihey retained,
The cured wvariant designated Cl contained all the five
plasmids found in the parent and assigned to Group-I.
- Group-I1 consisted of the maximum number of cured
variants, designated €8, (9, €10, Cii, C12, €13, Ciz and
C15, all of which had lost a single plasmid of 3.2 Mba.
The four variants designated asg C4, €5, €6 and C7 in
Group-I11l were devoid of 3 plasmids found in the parent
strain. The molecular weights of the three missing
plasmids were 11, 4.6 and 3.6 MDa. The cured variants
desigpnated as Cc2 and €3 lost all the five plasmids
present in the parent strain and were assigned to

Group-1IV. |

It may also be seen from the Table 4.27 that all the
15 cured variants were resistant to the bacteriocin
produced by the parent strain P. pentosaceus 234.

The loss of all the piasmids in the twe Bac™ variants
indicates that any . of the missing plasmid wmight be
involved in the Bac' phenotype. Whereas the loss of a
gingle plasmid (3.2 MDa) in ‘the eight wvariants (group
III) narrowed down the possibility of involvement of that
plasmid in Bac' phenotype. However, the presence of 3.2
MDa plasmid in four variants of group III shows that this
plasmid is devoid of genes necessary for bacteriocin

production. Moreover, the lone Bac® variant CL of group
I contained all the plasmids present in the parent
culture. No physical evidence, therefore, could be

cbtained -for the plasmid involvement in bacteriocin

production by the test culture. Al)l the 15 Bac™ variants

retained their immunity to parent bacteriocin. The

retention of immunity by Bac® cured variants to the parent

bacteriocin suggests that the mutation responsible for

Bac® phenotype affected the gene for bacteriocin
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production or for the excretion of bacteriocin but did
not affect the immunity. A similar profile of Bac-~
variants retaining all plasmids found -in the parent
culture, was observed in the curing studies of Lb.
plantarum C11 ({Daeschel et al., 13990). However, ths
retention of immunity by the wariants lacking all the
plasmids clearly (Table 4.27, Group IV} indicates the
chromosomal linkage of the bacteriocin immunity.

In contrast teo these findings, a direct physical
evidence for the involvement of plasmid DNA in
bacteriocin production by different strains of padiocceoci
has been obtained {(Gonzalsz and Kunka, 1985; Ray et al.,
198%a; Schved et al., 1993). The loss of Bac” phenotype
sometimes assoclates with the loss of immunity. Thus,
the bacteriociﬁ plasmid pSMB74 of pediocin AcH aliso
carried the génés for bacteriocin immunity in the »£.
acidilactici H {Ray et al., 1984a). But the otheér two
bacteriocin plasmids of pediocin PA-1 and pediccin So-1
did not contain “":3 genes for immunity t€ <the host

bacteriocins (Gonzaler and Runka, 1987; Schved et ai.,

1993} .

4.11,2 CARROHYDRATE FERMENTATION = AND ANTIBIOTIC
SUSCEPTIBILITY

The association of any of the lost plasmid with the
carbohydrate fermentation phenotype was investigated by
assessing the ability of the parent and selected Bac
variants representing all the 4 major grdﬁps to ferment' a
number of carhohydrates and the data obtained in the

experiment are. presented in the Table 4.28.

It can be seen that out of the 17 sugars, 10 sugars
viz. arabinose, ribose, xylose, dextrose, galactose,
mannose, fructose, maliose, salicin and csllobiose were
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Table 4.27 : Grouping of cured variants on the basis of
their plasmid DNA content

Group Bac¢® cured Sensitivity/ No. of Si:za of rlasmids*

variant Registance plasmi {MZa)
to parent ds
bacteriocin
Parent Bac 5 11 4.6 3.5 3.2 2.1
) S ok N Resistant 5 11 4.6 3.6 3.2 2.1
I 8, C9, Resistant 4 11 1.6 3.8 - 2.1
clo, cii, '
¢ciz, €13,
cl4, C15
III C4, C5 Resistant 2 - - -~ = 3.2z.1
ce, C7 ‘
iv cz2, C3 Resistant Nons - - - - -




Table 4.28 : Carbohvdrate femen tation_ pattern of
' bacteriocin _ producing Pediccoccus
pentosaceus 34 and its selected Bac
variants
Carbohydrate Parant/cured variants
34 Cl Cc2 C3 c4 o CB Co
Arabinotse + + + + + + + +
Ribcse + + 2 + + + + +
Xylolse‘ + + + + + + + +
Dextrose + + - + ¥ + = -
Galactose + + - + + + o+ +
Mannose + + = + + + & +
Fructose + 4 - + + + " +
Lactose - - - - - - - -
Sucrc;)se - - - - - - - -
Rhamnose - - - - - - - -
Maitose ¥ + * + + + & +
Sorbitol B - - - - - —- - -
Dulcitol - - - - - - ND ND
‘Mannitol - - - - - - - -
Salicin + ¥ + + + + + +
Cellobiose + + ~ + + - + +
Inositol - - - - - - - -
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utilised by the parent strain as was observed by the
appearance of yellowish zones around the sugar discs in
the BCP-sugar-fermentation basal medium agar plates. "It
was alsoc observed that all the selected Bac™ variants viz.
Ci, €2, C3, C4, €5, €8 and C?2 were also able o utilise
all the sugars which were fermented by the parent strain.
The parent as well as the cured variants failed to
ferment the remaining 7 sugars namely lactose, sucrose,
rhamnose, sorbitol, dulcitol, mannitol and inosiZzol.

The antibiotic susceptibility o©f the parent and
selected Bac¢™ variants is represented in Takle 4.2%. A
total number of 14 antibiotics were used. There was ﬁo
difference in the antibiotic¢ ~ susceptibility pattern
between the parent and Bac variants. All the cultures
were resistant to polymyxin (50W,;, 300 Uz, nalidixic
acid. {30 pg), vancomycin (30 ug) and kanamycin (3 wg) and
all were sensitive to ampicillin {10 pg), bacitracin {10
pgl, erythromycin {10 ng)., streptomﬁrcin 10 pg),
chlorampherizol {5 ug), clindamycin (2 ngi, tet:acyclin'e'
(30 pg} and novobiocin (5 pg).. The most =ffective
antibiotics were clindamycin (2  ng}l and gchloramphenicol
p (10 pg) that gave a zene of inhibition of .abeut 30 * mm
dia. followed by erythromycin (10 ng), bacitraci=z (10 ng)
and tetracveline (30 py) with a 20 mm dia. of zone of
inhibition. The dia. of the zone of inhibition was about
15 mm for ampiciliin {10 ug). I'I'he antibiotics novobiocin
{5 pg) and Xanamycin {30 pg) were Ifound to be least
antagonistic showing a 10 mm dia. of zone of inhibition.

Identical patterns of carbohydrate utilisation
[{Table 4.28) and antibiotic susceptibilitv (Taklie 4.29)
of the parent and the representative cured variants of

each group reveals that none of the plasmid controls

sither of the two properties indicating the cryptic

[E8 ]
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Takble 4.29 : Antibiotic susceptibility of bactarioccin producing Pediococcus pentosaceus 34 anc
lts selected Bac™ variants

Antibiotic ‘ . Diameter- of zone of inhibition {mm)*
(Concentration) Parent/cured variants

34 Cl C2 c3 C4 o] cé C8

Ampicillin (10 pg) 15 16 16 15 15 15 15 15
Bacitracin (10 ©) 20 20 20 21 19 20 20 20
Erythromycin (10 pg) 22 22 22 23 23 23 21 22
%?olymyxin B (50 U} - - - - - - - -
_ (300 U} - - - - - - - -
Streptomycin (10 pg) 11 11 11 11 11 12 11 11
Ralidixig acid {30 ng) : - - - - - - - -
Vancomycin {30 ng) - .- - - - - - -
Chloramphenicol (10 ng} 30 28 27 29 30 31 28 30
Kananycin (5 pg) - - - - - - - -

(30 pg) 10 10 10 11 10 10 11 11

Clindamycin (2 pg) _ 29 30 29 27 30 31 29 30
Tetracycline (30pg) 20 20 20 20 21 20 19 21
Hovobiocin (5 ug) 11 1 11 11 i1 i1 11 11

* Diameter of the disc : 8 mm



nature of all plasmids prgsent in the parent culture L.
pentosaceus 34. However‘, plasmids have often been
associated with the utilisation of various sugars such as
sucrose {Gonzalez and Kunka, 1987; Kim et al., 19382} and

raffinose (Gonzalez and Kunka, 1886} in different strains

of P. acidilactici.

4.12 CONJUGAL TRANSFER OF BAC" PHENOTYPE

The observations made during conjugal transfer of
Bac® phenotype experiments are recorded in Tazle 4.30.
Screening of a large number of recipients / suspecced
transconjugants developed on MRS agar plates Zor
bacteriocin pro_duction failed to yield any transconjugsant
which could inhibit the indicator strain P. acidilactici

1LB42 in the simultaneous antagonism method. .

Conjugal tramnsfer o©f Bac phenotype using Two
-di\:ff_erent methods of conjugation was not successful in
transferring the Ba¢™ variant to a Bac® transccniugant,
thus providing evidence for the chromosomal location of
genes- in bac:teric;cin synthesis by P. pentosaceus 34.
This .also substantiates the earlier observations made
while comparing the plasmid profile of tllze parenz cultzire

and its different groups of Bac™ cured variants.

Although bacteriocin production has been reported to
be encoded by varicus plasmids in different species of
pediccocci (Daeschel and Kiaenhammer, 1985; Gonzalez and
‘Kunka, 1987; Ray et al., 1988a; Schved et al., 1993), the

conjugal transfer of Bac’ plasmid to a Bac™ pediococcal
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Table 4.30 : Conjugal transfer of Bac® phenotype from
Pediococcus pentosaceus 34 to its plasmid
free Ery* derivative

Method Doneor : No.of No., of Conjugal
Recipient* recipients,/ c¢oonies transier
transconjugants showing ZIrequency

screened for Tacreri-

bacteriocin ocin
production  prcducti
T oon

Filter i1 128 s -
paper .
mating 110 216 3 -
Soiid Tl 288 J -
surface
mating .1 : 10 384 2o -

* ¢fu/ml : Domor : 1.8 x 10°
Recipient : 1.4 2 10°
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strain has been reported only with pSMB74 plasmid

encoding pediocin AcH production (Ray et al., 1992b).

4.13 EFFECT OF BACTERIOCIN ON THE GROWTH OF LISTERIA

MONOCYTOGENES MTCC657 IN STERILE SKIM MILK

The growth of L. monocytogenes MTCC657 in sterile
skim milk in the presence or absence of the P,
pentosaceus 34 bacteriocin was measured during sterage
for 15 days at 5°C. It may be seen from the Fig. 4.15
that cell counts increased by approximately 2 log cycles
after 15 days' in the contrel sample but decreased
substantially by 3 and 3.4 log cycles, respectively in
the presence of 200 and 2000 AU/ml bacteriocin, during
the first day of storage. The survivors were able to
multiply and eventually increased oty 1.6 log cycles at
both the levels of bacteriocin employed in the experiment
after 15 days of storage, A difference in cell counts of
3.§*3.7 log cydles between he control and expérimen:al

samples was observed after 15 days of storage at 5°C.

The bacteriocin of P. pentosaceus 34 used at tTwo
different concentrations displayed z strong bactericidal
effect on L. monocytogenes MTCCGE? in milk, and hernce
decreased the viable numbers by almost 3 .log cycles. The
béctericidal effect, was  however, followed by a
progressive growth of those L. monocytogenes cells that
survived the bactariocin treatment. These findings are
in agreement with the earlier reports on nisin inhibiting
L. monocytogenes Scott A in skim milk (Jung et al,, 1992)

and pediocin 5 affecting three different strains of L,

monocytogenes (Huang el al., 1994},

The present investigation was primarily of basic

nature, limited to production, purificaticn,
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Fig. 4.15 Effect of Pediococcus pentosaceus 34 bacteriocin on the
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characterisation ©f bacteriocin and delineation of
genetic elements associated with 1its production in a
selected pediococccal 1isolate (P, pentosacevs 34) . of
Cheddar cheeses origin. Such an investigation is deemed
necessary to facilitate the approval for its use in foods
to enhanece their shelf life and safety by controlling the
growth of spoilage and pathogenic bacteria. Bacteriocins
for ﬁse in foods are required in large amounts, Thus,
there is a need to develop a cost effective procedure
such as pH dependent adsorption-descorption tachnique.
the relatively low recoveries obtained in the

However,
present study necessitactes further improvements in the
method to desorb the adsorbed bacteriocin. Although

foods are manufactured under hygienic conditicns, their
invoivement in the outbreaks of foodborne diseases
suggests that post' PIrocessing contaminants are
responsible for such outbreaks. It, therefore, bécomes
necessary to prevent the entry of post processing
contaminants into processed foods or to find suitatle
means of inactivating such microflora. DResides, use of
pediocinogenic pediococci or their pediocins in dairy and
food industry has also been indicated. Though it was
beyond the scope of praseﬁt investigation, exploitation
of pediocins in food and dairy industry would no doubt

make an interesting and useful study.
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5. SUMMARY AND CONCLUSIONS
\

SUMMARY

The salient findings ¢f the present investigation
enccupassing the isolation of pediococci from milk and
milk products, screening of pediococcal isolates for
bacreriocin activity, optimisation of cultural and
environmental parameters for Dbacteriocin production,
partial purification and characterisationh of the
bactsriocin, genetic determinants encoding bacteriocin
productics and host c¢ell immunity in  the selected
ped.ococezl isolate and effectiveness of the bacteriocin
'in contrcoling the -growth of §athogenic bacteria in milk

are summarised in this section.

5.1 A totzl number of 1030 isolates of LAB comprising 885
(85.9%) lactobacilli, 100 (9.7%) leuconostocs and 45
{4.4%; pediococci were isolated from 25 samples of
different milk and milk products.

1A
§.2 Zactepacilli were the predominant microflora of all
zhe milk product samples and also at all the - stages

5f rirening of Cheddar cheese.

5.3 Zediocsccal isclates were obtained only from raw milk
‘5} and Cheddar cheese {40), constituting about 2.5%
and €.7%, respectively of the total isoclates frpm

chese products.

5.4 Pediccocci appeared rather late in the_.ripening

veriod {6-12 months} of Cheddar cheese.
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5.5

5.6

Oout of the 45 pedioccocecal isolates, only $ cultures
i.e. isolate numbers 12, 16, 21, 26 and 34, all from
Cheddar  cheese, exhibited antagonistic activity

against 2ll the indicator Dbacteria in the three

different bicassays.

Morphological, physiological and biochemical
characterisation of 18 pediccoccal isolates revealed
that 9 belonged to Pediococcus pentosaceus, 2 to P.

acidilactici, whereas 7 could not be assigned to any

cf the two species.

The five pediococcal isolates exhibiting
antibacterial activity against all the Indicator

organisms were identified .as diZferent strains of P,

pentosaceus.

The gulture supernatants of the five strains of P,

pentosaceus retained their antibacterial activity

\ upon neutralisation to pH 7.0 or treatment with

catalase but their activity was lost on zTreatment
with several proteases, Iindicating the role of

bacteriocin in .the inhibifory activity.

Pediococcus  pentosaceus 34 exhibited maximum
bacteriocin activity against | the four lactic
indicator organisms and .., therefore, was selected

for further studies,.

5.10 Pediocogcus acidilactici L542 was the most sensitive

indicator bacteria followed by Ib. plantarum NCD0O955
and, hence, the former was routinely used as the

indicator organism.

5.11 There was no difference in the bacteriocin titre at

the end of 24 hr incubation periocd when the test
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5.12

5.15
Y

5.16

5.17

5.18

culbura was grown at 25, 30 or 37°C, However, aboutb
65% of the total bacteriocin was detected in the
first 8 hr of growth at 37°C &as against 0.25% angd 18%

at 25 and 30°C, respectively.

MRS broth was found to be the most silitable medium

for bacteriocin production.

The initial pH of the MRS medium (5-8} did not have

any influence on the bacteriocin production.

Pediococcus pentosaceus 34 when grown in MRS broth
{(pE 6.5} at 37°C produced abouk 65% of the total
bacteriocin in the first 8 hr of growth whereas the
rest was produced ip the next 8 hr.

The bacteriocin by the test culture was secreted as
a pgimﬁ?y metabolite reaching maximum at the end of
\Fheflogarithmic growth phase with no decline in the
éhtivity during the stationary and death phases.

The purification of bacteriocin by pH dependent
adsorption-desorption technigue resulted in the poor
recovery (13%) of the total bacteriocin in the
culture broth. '

Fractionation of the bacteriocin from the culture
supernatant with wvarious organic solvents such as
isopropanol, wmethanol, ethanol and acetone also
resulted in a very low recovery and purification
fold.

Ammonium sulfate fractionation {(20-60% saturaticn)

resulted in 34.3% recovery with 3.1-fold
purification. '
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5.19

5.22

5.24

The bacteriocin bound itself to the anion exchanger

but not to the cation exchanger.

The bacteriocin adsorbed to the DEAE-Sephadex ({(A-25)

ion exchanger however, could not be eluted with

0.1-0.4 M NaC1l.

The partially purified bacteriocin was found to
exhibit a broad spectrum of antibacterial activity
against numerous Gram positive bacteria wviz. B.

cereus, Staph. aureus, Listeria spp. including

several strains of Listeria monocytogenes,
Enterococcus spp. etc. It was relatively 1less
active against several LAB. None of the Gram

negative bacteria and yeasts were inhibited by the

test. bacteriocin.

The SDS-PRGE gel stained with brilliant blue G
showed 2-3 protein bands in the partially purified

preparation.

. The SDS-FAGE gel overlaid with the indicator strain

showed . a discrete zone of inhibition.

Comparison of the stained SDS-PAGE gel (5.22) with

. that of the overlaid gel (5.23) demonstrated that

5.25

the molecular weight of the bacteriocin is in the
range cof 3,500-6,100 Da.

The bacteriocin produced by P. pentosaceus 34 was
sensitive to several proteolytic enzymes but

resistant to non-proteclytic enzymes such as

f-amylase, lipase, lysozyme and ribonuclease.

The observed sensitivity of the bacteriocin to

a-amylase was shown to be due to the contamination
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5.27

5.28

5.29

5.30

5.81

5.32

5.33

5.34

of the enzyme preparation with certain serine

proteases.

The crude and partially purified bacteriocin
preparations weare extremely thermostable retaining
100% activity after 30 min at 100°C. However, there
was a loss of Z20%8 and 40% activity of both the
preparations after 60 min at 100°C and 15 min at

121°C, respectively.

The crude bacteriocin remained active for 2, 24 and
168 hr at pH 12, 11 and 10, respectively. It was
extremely stable in the pH range 1-8 while the
residual activity dropped from 27.3% after orne day
to 12% after 15 days at pH 9.

The purified preparation was also extremely stable
in the pH range i~8. However, a marginal decrease

_in the activity was observed during its storage for

15 days at pH S.

The inactivation of the bacteriocin observed at

variocus pH. values was irreversible.

Both the pfabarations were extremely heat stable

over a wide pH range {1-8}.

The bacteriocin exhibited a rapid bactericidal; non-
bactericlvtic meode of action agalnst the sensitive

indicater bacteria.

The indicator cells surviving bacteriocin treatment

were not resistant to the action of bacteriocin.

There was 300% increase in bacteriocin activity upon
treatment with 1% 3DS of the partially purified

bacteriocin.
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5.35

5.38

5.38

5.40

The bacteriocin was unstable in NaCl soluticons of

0.5 M or more ignic strength.

Addition of bacteriocin at two‘different levels i.e.
200 and 2,000 AU/ml, in sterile milk inoculated with
Listeria monocytogenes MTCC657 (10° cfu/ml) resulted
in a substantial reduction of viable cell counts by
about 3 and 3.4 log cycles, respectively, at 5°C on
the first day of storage. The difference between
the control and treated samples at the end of 15
days storage at 5°C was about 3.3-3.8 log cycles.

The pediccoccal cultures were found to contain a
maximum of eight plasmids with molecular weights

ranging from 1.6 to 49 MDa.

The bacteriocin producing P. pentosaceus 34
harboured 5 plasmids with molecular weights of 11,
4.6, 3.6, 3.2 and 2.1 MDa.

Growth at 37°C of P. pentosaceus 34 in the presence
of acridine orange (50-200 pg/ml), acriflavine
(10-30 mg/ml), ethidium bromide (10-40 pg/ml) and
novobiocin (10-70 ug/ml) did not yield any Bac

variant.

The parent culture when incubated at 45°C with
acriflavine (5-15 ug/ml) or ethidium bromide {10-20
pg/ml) also did not yield any Bac™ variant.

A total number of 15 Bac™ variants were obtained when
the parent culture was grown at 45°C in TGE broth

containing different concentrations of novobiocin

{40, 45 and 50 pg/ml).
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5.42 Comparison of plasmid profiles of parent and the Bac’
variants revealed the loss of either all, some or

none of the plasmids in the Bac variantg.

5.43 All the Bac® varianks retained their immunity to the
host bacteriocin and carbohydrate fermentation and
the antibiotic susceptibility patterns of all the
Bac® variants were identical with that of the parent

culture.

5.44 Attempts made to transfer the Bac’ phenctype from Lhe
parent to a plasmid free Bac™ wvariant by conjugation
technique were not successful thus iﬁdicating
chromosomal mediated bacteriocin production ané host
cell immunity.

CONCLUSTONS

.The present investigation afforded a potent
bacteriocinogenic strain, P. pentosaceus 34 capable-‘of_
producing high concentrations of pediocin. The pediocin
produced by P. pentosaceus 34 1is unique for severzal
reasons. Firstly, it is extremely antagonistic to
Gram-positive food spoilage bacteria as well as
pathogenic organisms such as L. monocytogenes, yet
relatively ineffective against several strains of 1actic
acid bacteria which are commenly used as dairy starters
in the wmanufacture of ferwmented dairy foods. Secondly,
it is extremely thermostable thereby indicating that it
can be used in thermally processed foods. Thirdly, the\
bacteriocin is not only active and stable over a wide pH
range but it is also extremely heat stable -at neutral pH
values also indicating that it can be useful in acidic
and non-acidic foods. This characteristic is different
from nisin which is wunstable at ox near neutral pH
values. All these desirable features would no doubt make
P. pentosaceus 34 bacteriocin a highly suitable candidate
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to serve as an effective natural biopreservative in dairy
and food industry.

The relative ineffectiveness of P. pentcsaceus 34
bacteriocin towards lactic acid bacteria and poor growth.
of P. pentosaceus 34 in milk would further facilitate the
use of bacteriocinogenic strain as startér adjuncts in
the fermented dairy products. The éhromosomal location
of genetic determinants for bacteriocin production by the
P, pentosaceus 34 strain further shows that this
characteristic is relatively stable and is not likely to

be lost upon repeated subculturing.
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