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ABSTRAK

Dy dalam pediosin Ach yang dihasilkan oleh bakteni Pediococcus acudilacncs, kedua gen untuk
produksi pediosin dan kekebalan terhadap pediosin dikode oleh plasmid pSMB74 pada 8,9 kb, Dengan
hilangnya plasimid i dapat menghilangkan kemampuan bakten untuk menghasilkan pediosin AcH,
tetapr beberapa masth bertahan terhadap podiosin. Bakten yang bertahan adalsh jorus antaia ymitu
diperoleh pada saat sel yang tdak dapat berproduksi ditumbuhkan padas media yang mengandung
pediosin AcH, tetapt hilang ketika sel ditunbuhkan tanpa adanya pediosin AcH.

INTRODUCTION

Bactenocin  productien 1 lacte  aad
bacterial strains in  encoded ecither by
chromosomal genes or on plassud  (Ray
1992ab.c). The cells or producer stann are
unmunity to ther own bactenocn due to the
pmcnccaspomﬁctmmmtygmc In several
strains in which the bactenocn production
phenotype in plasmid-linked, genctic analysis
has shown that the genes both for production
of and unmumity agamst a bactenocin are
located close to each other (Hasung and stiles
1991; van Belkum ¢f ol . 1992). Loss of the
bacteriocin  plasmid in some strains has
produce vaniants that have lost both the
production of on specific immunity ngainst the
bacteriocn (Daeschel and Klacahamer 1985,
Ra, at al 1989, hasting and Stiles, 1991)
However, i some other strains, loss of the
bacteriocin plasmuds has resulted in variants
that no looger produced the bacteriocin but
retain the immunity (resistance) against the
specific  bactenocin.  Possible chromosomal
linkage of the specific immunity genes in these
strains has been suggested (Jimenez-Diaz e/ ol
1993 Schved er al 1993)

Factor influencing immunity and resistance (Yurliasni)

Our plasmud vansfer and geonetic analysis
studied for a bacteriocin, pediocin AcH,
produced by Pediococcus acidilacuc! stram H
have conclusively shown that the 8377 bp
plassmd, pSMB74, encodes for both pediocin
AcH production (Pap’) and immunity (Pai’)
aganst it (Ray ct al. 1989b, Johnson et al
1992) However, our wmnal swudies with
another three pediocin AcH producingscorain of
Ped Acdiactics, EF and M, all carying
pSMB74, have resulted in the 1solation of non
producer variant that are resastance to the
pediocin AcH (Kim et al. 1992).

We investigated the reason why loss of
pSMB74, that encodes both  Pap” Par’
phenotypes, results in some vaniants which are
sensitive (Pap’) and other which are resistant
(Pap) to pediocin AcH. These results are
presented here.

MATERIALS AND METHODS

Bacterial strains and pediocin production
Five pediocin AcH producing Ped
Acidilactici strain, consisting of four wild-type
strains (H, E, F, M) and one transconjugant
(LB42-923), were use from our stock




collection.  The pediocin  AcH  production
phenotype in these five strains 1s encoded 8.9
kb plasmid pSMIB74 (Motlagh ¢t al  1992)
SIrans were grown in trypticase-glucose-yeast
extract (TGE) broth at 37°C for h and heated ar
985°C for S min. The heated culture broth were
centnfuged and the supernatant hquids were
adjusted  to pH SO0with  stenile  sodium
hydroxide and use as sources of pediocin AcH
The preparation had about 18000 activity units
(AUYmML against the indicator  bactenum
Lactobacdlux plantarum NCIXO 955 (Biswas
elal 1991, Yang er al, 1992) In some studies
A plasmidless, pediocin AcH sensitive wild
strain, Ped. Acidilacticn L1342, was used (Ray
et al ‘08%)

Isolation of pediocin nonproducer variants

Imtially a single colony, forming a big zone
of inhibition agamst a lawn of lact Plantarum
NCDO 935, was solated for each pediocin
ACH producing stran. Each striin was grown
n TGE broth at 37°C for 16 h, and 20 <1 from
each was moculated in 5 ml of TGE broth
containing 20 <g/ml acniflavine (Ray o1 o/
19890 Kam er ol 1992). After 16 h at 37°C, 20
“/ml acniflavine and the process was repeated
three times. At the end of three transfer, the
culture broths were serally  diluted and
aliquots  from selected dilutions were pour
plated with TGE agar (TGE broth « | 4%
agar). The plates were incubated for 16 h
37°C and plates with 40 to 30 colonies were
selected  from  isolaton  of  pediocin
nonproducer colonies. For this each plate was
overlaid with $ ml of melted and tempered
TOE soft agar (TGE broth + 08 % agar)
moculated with § <1 (about 10" cells) of an
overmght culture of lact Plantarum NCDO
55 (Ray et al. 1989a, Kim ot al. 1992). In
another experniment cells from  spontaneous
nonproducing  vanants were smmilarly plated
and examined for pediocine AcH producing
cells

Asay of pediocin sensitivity of nonopro-
ducer varianmn

The cells from the nonproducer colonies
were punfied by streaking on a TGE-agar
prepoured plate and a single colony ws culture
i TGE broth. This culture was then used
propare & soft agar lawn ax above and
moculated with  10<1  of pediocin  AcH
preparation. The plates were incubated mt 37°C
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for 16 h and examined for the absence
(resistant) or presonce (sensitive) of zones of
prowth mhibition

Plasmid DNA analysis

The pediocin AcHl producing  stramns and
therr nonproducing  vanants were grown at
37°C in TGE broth contning 20mmol/1 DI
threonine 1o an O. D at 600am of about 0,5
The cells were harvested and used for the
isolation of plasmid by lysozyme-mutanolysine
lysis procedure followed by punificanon by
CaS1-density gardient centnfugation (Ray et
al. 1989, b). The purified preparation were
run in agarose gels, stained with EtBe and
photographed.

Conversion of pediocin  sensitivity and
resistance of cells

Five pediocin AcHl  sensitive  vanants,
wolated from four pediocin producing straims
and the strain LB-42, were grown in TGL
broth contmning 2000AU/ml of pediocin Ach
at 37°C for 16 h for three successive transfers
Each time 10<1 of culture was transferred to §
ml of fresh broth. Controls were grown in the
absence of pediocin Acll After the thud
transfer the cultures were streaked on 1G) -
Mgar plates and the plates were incubated w
37°C for 16 h Twenty-five colomes from each
plate were tested for resistance of sensitivity of
pediocine AcH as indicated by the absence o
presence of zone growth inhibition. Similarly,
pediocin. AcH  nonoproducing  but  resistant
variant cell from five strmns (M, £, 1, M, and
LB-42) were grown successively through 10-
transfers by wansfernng 10<1 to Sml of
TGEbroth and incubating at 37°C for 16 h
After each transfer a loopful of broth was
streaked on TGLE agar plates, the plates were
incubated and 20 colomes from each were
examined for their sensitivity or resistance 1o
pediocin AcH

RESULS AND DISCUSSION

All five pediocin AcH producing strains
were immune to pediocin AcH (Pai’) and the
colonies inhibited the lawn of the indicator
strain Lact Plamiarum  NCDO 955 (Fig 1)
Previous study have report that the pediocin
AcH production phenotype (Pap ') is encoded
in 8.9 kbplasmid pSMB74. When these strain
were grown in the presence of acniflavine,
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plated for rsolation and examined agamst a
lawn of Lact Plantarum NCDO 955, some
colonies were not surrounded by zome of
growth nhibition and considered as pediocin
AcH nonproducer

FIG | Pediocn AcH  of Pediococcus
acidilactici H colonies produced zome of
growth of mhibition on a lawn or Laq tobacillus
plantarum  NCDO 955 used as indicator
Similar obtain with strains E, F, M and LB42-
923,

Among the five strains, strams F yielded
higher percentage of nonproducer vanants and
strains M gave the least (Table 1) Also among
the nonproducer vanants most were resistant
(Pap’) to pediocin AcH, but a small percentage
from each strain was sensitive (Pap') to it In
previous studies, solation of pediocin AcH
sensitive variants was reported only from strmn
H (Ray et al 1989, Kim at al 1992) The
mability to tsolate sensitive vanants from other
strains could be due to examimng only a few
colomes of nonproducing vanants. This could
also account for the falure by others 1©
isolated sensitive variants from the pediocm
producing strains PAC 1.0 and SJ | (Gonzales
and Kunka 1987; Schaved et al 1992) A

comparison of the palsmid profiles of the
pediocin  AcH  producer stamns  and  ther

nonproducer vanants revealed that falure 1o
produce pediocin AcH was due to loss of the
2.0 kb plasmid pSMRBR74 (fig 2. Ray et ol
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1989a, 1992: Kim et al. 1992; Motlagh et al
1992)

Table | Frequency of pediocin-resistant and
sensiine vanants among ‘ll\'ﬂpl\lllll;Cl\
followmg cuning treamment of pediocin AcH
producing Fediococcus acididaciicl strins®

moducmg | Number of! Number  of | % of sensiti-

| strains | nonproducin | sensitive oul | ve out  of
| colonies out | of nonprodu- | total
oftotal (%) |cer(%) |
H 251436 (1.7) | 425 (16.0) 03
E | 221994 (11) | 22291 01
‘ F 57/1128 (5.1) | 1730 (3.3) 0.1
M| 12722050 %) | 3112(25.0) 01
| LB42-923 | 6/677  (09) 26 (333) | 03

* Strains were grown at 37°C for 16 h TGE broth
containing 20 < gml of scriflavine thiee successive
transfer 10 tsolated the sonproducing vanants

FIG. 2 plasmid profiles of pediocin AcH
producing Pediococcus ac wdilactics strans and
their plasrmd  cured nonproducer  vanants
Producer strans H, E, and (lanc 2 ¢ ¢
respectively ) have the small plassd, pSMBT74,
along with other large plasmud In thew
nonproducer vanants (lanc b, d {
respectively ). pSMB74 15 not present, Strain M
and 1LB42-923 also had plasrud pSMB74
which was not present in their nonproducing
variamis (esther resistamt or  sensive 10
pediocm AcH). The numbers represent
molecular weight of the two plasmid in kb. Ch,
Chromosomal DNA
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the producer stramsand the nonoproducer
vanant, This was because only a few
harboured pSMB74 but all obtained the large

plasmid

Fig 3 Colonies for a spontancous pediocin
AcH-nonproducing vanant from Pediococcus
acsdilactics H agmnst a lawn of Lactobacillus
plantarum NCDO 955 One colony (indicated
by the arrow) had a clewr zone of growth
inlubinon The &ffusion zone around other
colonies 15 due o acwd produced by Ped
Acdilacney H Non producing vanant from
other strmns also gave sumilar results

Fig 4 Palsred profile of pediocn AcH
producing strain Ped. Aadilactic: H (Lane ac,
d) and its spomtancous nonproducing vanant
(laneB). Palsrid pSMB74 was present i small
amount m the nonproducer. For other
explananon, sec Fig. 2

Factor mfluencing immanity and resistance ( Yurliasni)

We suspected that because only a few cells in &
colony were producmp pedhocin AcH, it could
not be detected by the normally used procedure
of testing 5-20<1 of a broth culture agamnst a
lawn of indicator bactena However, cells in
this population were constantly bemg exposed
to a low dose of pediocin AcH, resulting in the
survival only of the Pap Pap’ cells

Pediococcus  acidilactici strmns can  be
resistant to pediocin AcH due to several
factors. A producer stram m mmmune to it
(Pm’) due 1o production of specific immunity
protein produced by a gene encoded n
pSMB74 (Johnson et al 1992. Motlagh et al,
1992). The nonproducing vanants can be
resistant to 1t (Pap’) due to non-specific reason
The vanam cells bind pediocin AcH on the
cell-wall surface like the producer cells Theur
resistant could be due 10 the mabality of
pediocin AcH to pass through the wall. which
is a pnor requirement before pediocin AcH
comes in contact with the cytoplasmic
membrane 10 destsbilize the structure n the
sensitive cells (Ray 1992¢ 1993) In addition
Ped Acididactice cells have mtraceilular
protease(s) that canhydrolyze and mactivate
pediocin AcH (Johnson et al, 1992). However
the mechanism(s) by whach many other Gram-
positive  bacterial  strans  are  resistant 1o
pedioctn AcH 1s not known Causes of
resistance to nisin immumity protemn, (b) non-
specific  immunity  protein{c)  growing
sensitive cells in the presence of msin and (d)
production of nismase enzyme (Ray 1992b).

The result of this study have explained why
n nonproducer vanant, obtained following loss
of specific genes, from a producer strain of
ped acidilactic: became resistant to prediocin
AcH while growing in the presence of pediocin
AcH The result also have shown how &
resistant  vaniant produced by growmg a
sensitive strain in the presence of pediocin
AcH, reverted to sensitivity when grown in the
absence of pediocin AcH. The last observation
has important implication if bacteriocins are to
be used as food bopreservatives It suggests
that the acquired resistance of bacterial cells 10
a bacteriocmn that 1s produced by growing them
in environment containing that bacteniocin, is a
temporary trait. It is lost soon by growing
them in an environment free of tha
bacteniocin
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