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x| MAIXol|M Listeria monocytogenesE ™|t
lactococci®] #2|2f 16S rDNAEAMoj o3 S8

TEE R E RETE
Qshh St o) ok AEHFEE, TR AAA IR G A B A

A Q: 71X Wi 27\ bacteriocin 4 F37S FH2A dATt £ FAES A, lF L A
2|83 ol EA3} 165 tDNAY BEFQ G/IMARRY Lacrococcus lactisZ FZHAY. EeFF71 4
A3 bacteriocin® Listeria monocytogenes, Staphylococcus aureusSt 722 2% ¥4 W94 A3 22 #
Ao} fE Gl AR, 2FSAHFQ Yesiniadl® B30l A bacteriocin®} #/3-2 protease,
protease X IV, a-chymotrypsin¥} pepsincl] thsiA] &4jo] 24 =R 2, lipase, trypsin, lysozymesl) th 3} A
£ Ao $AH A} bacteriocing] #4& pH 2~11414 B Folv] 100TAM 1027 AN A=
wslA] Qgreh. wrebA L. monocytogeness WEZ 7|9 L. lactis®] ¢]5te] 4AIE & Ut

ZMO|: 71X, Lactococcus lactis, Listeria monocytogenes, Bacteriocin, 165 IDNA €714 &.

o E

AAFE A8 FHY oHHE 423 Fo AdFHE
BEAZ AFoln}. Y(1991)L JxXE AXNE vAE A
T2 2HdN 99 vAFAY Al vYEF
#7330 AAE FE3= model systemO 2 FE F 9l
€L AN olE Falo AXUS PYEFFY FR
Fo pxst v|AE FI9 B F HolHRE AT
Aok J2d AN HI e HF5IQ Listeria
monocytogenes7t Aol LAHUE d, o] Foll &3t 7
Afadze ol L mstn Y = JeAt 4%
A8 F Qo

AN A F F9A Leuconostoc  mesenteroidesS}
Lactobacillus brevis bacteriocing ¥u|3o t}& 79 &
48 9AE 4+ ke 2327 YHCha and Ha 1996,
Ha et al. 1994). 28 o] Aol A #3729 &
olAd] viXE Y% FEE v} |l

g B A7 L. monocytogenes?t AN F20)
dAE 4 JeAE FAHIA FAY. AFE 539 4
o)A o] AFEFL JAY F e fAEE £
3. Bergey's manual(Hardie 1986)cll 9]@ o|¥ERH(Y
1991)3} 16S rDNAMY &40 28t Lactococcus lactis
2 FRHAY. 283 o] e HoFAY ) F
AHug X NAAE Wolshs wv¥L 23 Jdx ¥
& 9tk go2 o7l Uig A7t A4E Folt

Mz oy

Bacteriocin 44 fAk2e] 22
AAe 2 d7ddA AREHZ de Wi 9sid A

Zatgoui(% 1998), 15CoA LEANIIEA 2447 24
o2 AgE AHSAA. A3 MY AEE MRSHHE
wiAe] =i gE2st FAd FAFFE EAHIAS
A g FF(indicator)Ql  Listeria monocytogenes ATCC-
191160 )§ bacteriocing A= A+ S £E&H7]
9J3ted, agar well diffusiomndg ARSI & 0.7%$
o] ¥g9 BHIMifco) MINE 121 CAM Ad Fo uf
AE 45cAER YN F ANEFE 9 10°CFU
ml=A BE39. o] ¥ix] 10 mIE v]g] FHE MRS
gRaAAd F3HPct. 21 O BWRAE cork
borerZ YL B3 71¢) A¥EFY bacteriocing- 4 &
ol 25CeoA 24A17t wiokste E §(clearing zone)©)
AA= e Age Adte MRS HHuA NN 5 23
HtHHa et al. 1994, Tagg and Mcgiven 1971).

olEEEY

Bergey's manual(Hardie 1986)9] &3} ZAE ol&F
A g AR en(g 1991), BFFEL 8P, A
Y, TAPA, s1gAE A ARy AE
gABFE, 2 94 & pH, &%, NaCl x4 4%
N¥, 4484, 72484, arginine®2 ¥E NH, 44 2
7M8s, dextran A4, esculin 715EHAYE Fsio
Aal 2 A3 AL ZAEUNGerhardt et al.
1994).

16S rDNA2| 47| uljge] &4

B2 F3E 10 ml MRS JAIAZ 30CAA 2047 )
F3el tigrlel =ed FAE DNAFZC ARt
DNAZ2S Ausubel et al.(1995)2] W] &t AAJs}
9o, PCRAXNE ARR3ted AX DNAFIA 168
IDNAZH S ZZAZTh. Primerye 5-GAGTTGATCCT-
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GGCTCAGS} 5-AGAAAGGAGGTGATCCAGCCE A}
£3151cHSuzuki and Yamasato 1993, Vogel et al. 1994).

zZZA7]1 16S DNA9 H7|WiEE4e T7 sequence
PCR product sequencing kit(version 2.0, UBS)E AMg-3}
o 23Ae AHAM(protocols sequenase ver 2.0 DNA
polyrnerase for sequencing PCR products, 2nd Ed. UBS)
o] we} dideoxy chain termination Yo 2 A|¥sAt. *
=9 g7}uj¥e BLAST search programo] &% g71ujd
# visle & FAUG

Bacteriocin®| $-=3H|

2g Fge MRS 94F wixle] AFS F /14 W
grlof ol 25T F27)oA Mgty FA719] gy &
484 2F 5000 rpmo)A] 1087 94 2 s A
EE Ao wjggg Ao A Fea3d wed F 3
A ammonium sulfateE HA3] FHIMAFIEAN G
0% (wiw)7tX XA F 4collA] YR A3 E3
HA 3 T AAE d"dE 4T 10,000 rpm 9
A 208 B 94EY @ 3 A3de v g @
Y3y 5 mM QA 8 (pH 6.6)) Wol w5on &
449 2 Z7] wigde 10%7 HA IdAY. 2F
Spectra-Por £42HMWCO, 3,500 ; spectrum)o] ¥oj 7
S 4F8A 1 QoA 4o RAFAA AW FAIHY
t}. £494L gt (pore size, 0.2 um)3t F 4ol B33}
o AMEEGTHPiard et al. 1992).

Bacteriocin2| S448

Y284 A BEAAE bacteriocing 5 mM 4k
F840pH 6602 2wz IANFH LA thalo] agar
well diffusiontd 2.2 AYFFE 17708 25T, 30CoA 244
g F HLGARAE JYehd o9 HuFE F
o], miZe o &9 AU(arbitray unit)2 YFEHYEE
vehyolg.

47 XY : B2 F3 PLIo| o9& AAY bacteriocin®]
& 73S Golws] $idte] BHI Aol vl &
A48 9 L monocylogenes ATCC 191162 4.5x10°
CFU/ml 7 HE8 ¥ 22 AAY bacteriocin(1,280
AU/mD& A7kt 25¢ "‘J&ﬂ"ﬂ W FSRA 1470}
O YFIHSE 1004 s4se BHI A o) 2749
VEEE Tdle] AF4E 2AST 610 nm A F8
YEE 3389 cHSchillinger and Liicke 1989).

pH P44: 28 A48 bacteriocin® 0.IN NaOH$} 0.
IN HCIZ o]&3lo] pHE 2094 1274 pH 17422
ZY ¥ Qg3 pore size: 0.2 pum)Ete ALANM N2
WY ¥ gy WS 2WIUY.

W B8 AAY bacteriocin® FWE o] L3 100C
AM 10, 30, 60%:7F stz 121CHA 10, 30, 60T
AU F vz Ago] B UL bacteriocing] FHE
S HHa et al. 1994).

B el bacteriocin®] HANEAlY 84 W

@59 - 9133

e 33 A A22d A1z

& ZAME) Y8l a-amylase(Junset Chemical Co.), «
chymotrypsin(bovine pancreas, Sigma), lipase(porcine
pancreas, Sigma), lysozyme(chicken egg white, Sigma),
protease(Streptomyces  griseus, Sigma), protease XV
(Streptomyces griseus, Sigma), trypsin(bovine pancreas,
Sigma)2 5 mM U 4389, pepsin(porcine stom-
ach, Sigma)2 0.02N HClo} ¢ 3 ¥EAA|E bacter-
iocin®ll W3} AFF%7t | mg/mly}t E]E§ A7Vea gz
T2 ¥%29 5 mM QPAFEAS AU F, a<chy-
motrypsind} trypsing 25ColA YA &ae 37CAA
AN AR 2oy pepsin AEAL FHIL &
o ¥ AL AA] Sistel 100CoAA SET #Y ¥
24< AT 1997).

2 =

Bacteriocin 44 fihte] 22| ¥ 53

15T EEAD AAAN NEEFA L. monocyto-
geneso] 3] FHEL FA3= FFE W 447HA 4T
ZF71 EeEoy Bald g WigE siged A9
A bacteriocing F-EAA Sl FFPAL A A, &
2 FA 228 5o JMT 8ol SAHHATKTable
1). 289 ¥lgE 7.8X105 CFU/ml $ 1.3x10% CFU/ml
2 % 17% A= AW pHE 50010 FAEE
18%9}31t}.).

A3 YA, ajgsta, Asiety 54L& Table
13 7t} ol AHAL EFAYUY 9o FHF A
137] BEFFE B5 LactococcusB 2.2 SR HJUT. 1374
B2adFF Aol 2 V] ¢FE €3t 16S tDNAY
7144 2 300 bpE direct sequencing'§ol] &Jste] ¥4
3l Genebanke] A2} ¥ ZBAS A3} Lactococcus
lactis®} 100% YA FtHFig. 1). o]8|§ A= Bergey's
manvale] 9% &£FAAIS} dAsen wety Eeld
FEL B5 Lactococcus lactis2 FARHJYT. o5&
Lactococcus lactis PL1 @532 B9y 3sigrt.

Bacteriocin®| ¥

PFA: o533 AR A 14719 2 FYFFS
e ageAd @Fd U g7 gL A A
Table 29} 2t} L. lactis PL1S H{A47FA L.
monocytogenest S. aureusd] TiEIA JATL YN
o g A4 WAF Y. enterocolitica, E. coli$t 3+t
9 L. citreum, L. lactisd] WA= AARL JehiA &
Rk}, o= S. aureus, Y. enterocolitica, L. brevis, L.
mesenteroides®] YN FFEPE VeERIA gt o
M B AFME g S8ol.6 $& L. lactis PL19
o8 A bacteriocindl] th3 54 A
pH: Bacteriocin®] @40} pH 204 871 & ¥z a A
9oLt pH 9~1174-e Ao| A Z4stdrt pH 12
dXe 4% 43 2A8AHFig. 2). olv H:EH
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Table 1. Morphological and physiological characteristics of
L. lactis isolated from kimchi and L. lactis subsp. lactis
KCCM 32406

L. lactis PL1
(13 strains) KCCM 32406

Cell shape cocci cocci

Cell arangement pairs, chains pairs, chains

Gram reaction + -+

Spore formation - -

Motility - -

Gas production - -

Dextran formation - -

Catalase

Growth at 10T
at 40¢C
at 45¢

Growth at pH 4.2
at pH 7.5
at pH 8.5

Growth at 4%

NaCl

NH; from arginine

Esculin hydrolysis

Arginine  hydroly-

sis

Acid from

Arabinose

Cellobiose

Fructose

Glucose

Gluconate

Galactose

Inulin

Lactose

Mannitol

Mannose

Maltose

Melezitose

Ribose

Rhamnose

Raffinose

Sorbitol

Salicin

Starch

Sucrose

Trehalose

Xylose

Characteristics

4+ A+
+H++ FAF A+

Lo+ 4+

I+ 4+

|

R e I S
|

+++ 1+
[

Symbols: +, positive: -, negative

e ¥9le pHoA REFFe 840 IFAHYL By
FAc}.
44 10T 108 NP A$ bacteriocing B

L. monocytogenes& A 81 lactococcis) B2 4

L. lactis subsp, lactis

47

L. lactis 124 GTGGGAATC TGCCTTTGAG CGGGGGACAA CATTTGGAAA CGAATGATAA
L. lactis PL1

L. lactis 1295 AAACCATTCT CAGTTCGGAT TGTAGGCTGC AACTOGCCTA CATGAAGTCG
L. lactis PL1

Fig. 1. The aligned sequence of 298 bp segment of the
16S ribosomal DNA for L. lactis PL1 which was isolated
from kimchi fermentation at 15C. Dots indicate the ident-
ity to the sequence of L. lactis.

Table 2. Antimicrobial activity of the bacteriocin produced
by L. lactis PL1

Activity (AU /ml)

Indicator strains

PL1
Lactobacillus brevis KCTC 3498 20
L. plantarum KFCC 11322 160
L. virdescence KCTC 3504 &
Lactococeus lactis KCCM 32406 0
Leuconostoc citreum KCTC 3524 0
L. dextranicum KCTC 3530 1,280
L. lactici KCTC 3528 640
L. mesenteroides KCCM 11325 80
Enterococcus faecalis KCTC 2011 40
Pediococeus acidilactici KCTC 1626 40
Bacillus subtilis 320
B. macerans 320
Listeria monocytogenes ATCC 19116 40
Staphylococcus aureus ATCC 65389 80
Yersinia enterocolitica ATCC 9610 0
Escherichia coli KCTC 1116 0
E. coli KCTC 10793 0

Bacteriocin activity was measured by agar well diffusion
assay against indicator L. dextranicum KCTC 3530.

AL adz fAsgeH 100CoA 30, 602 AT 73
S PAo) 50% 7Zradgch 121CAA 102 A= A
2= 5%, 08 HIyF H= 8%, OF A F¢
94%9) FAo) 7ABYcHTable 3). & AF Ao 9
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Fig. 2. Effect of pH on the activity of partially purified
bacteriocin produced by L. lactis PL1. Bacteriocin activity
was measured by agar well diffusion assay against indi-
cator L. dextranicum KCTC 3530. Each pH was adjusted by
0.1N NaOH and 0.1N HCI,

Table 3. Effect of various enzymes and heat treatments
on the antimicrobial activity of partially purified bacter-
iocin from L. lactis PL1

YeF - gEd - WL

. L. lactis PL1
Pepsin 0
Trypsin 100
a-Chymotrypsin 0
a-Amylase 50
Protease
Protease XV
Lipase 100
Lysozyme 100
Heating at
100C 10 min 100

30 min 50
60 min 50
121°C 10 min 25
30 min 13
60 min 6

The number refers to the percentage of an activity of
partially purified bacteriocin after treatment. Bacteriocin
activity was measured by the agar well diffusion assay
using L. monocytegenes ATCC 19116, L. dextranicum KCTC
3530 as indicator strain.
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Fig. 3. Bactericidal effect of partially purified bacter-
focin produced by L. lactis PL1 against indicator 1.
monocytogenes ATCC 19116 (4 : optical density at 610 nm.
@ : viable count in BHI media). Initial cell concentratio::
was 4.5x10° CFU/ml. Growth temperature was 25T.

A BeldF bacteriocin® HZF Fo] g AARA
£ BqF. .

FAAAe): 288 baceriocin® protease, protease YN, «
-chymotrypsin, pepsinq2]A] #4do] L4=A2Y tryp-
sin, lysozyme, lipases] SN E AF FTHL oA ¥
tHTable 3). Protease, protease X IV, a-chymotrypsindl
s Aol 24E RAoE Hol o] EXL WA B
A & bacteriocing & AAY F AU

L. monocytogenes®) ¥ FF: Bacteriocino] FHE
BHI Hajullo] L. monocytogenesE AE st A28 A
ot YA (0OD)E 23 Y Ade Fg. 33 2ok &
e F43] ZAidtd JqF SN olFde AdTt
40 CFU/ml °J82 99.98%7t 7Asgen ODUL: 72
2819} o] Axz B ol EFF L. lactis PL14 9
8 AA=E bacteriocino] AHFAYL ¢ + AT

I 3

AR R 7)Y EE LEFFELS WY, ¥H 3,
Ay EAL AN ZA3 Bergey's manual of system-
atic bacteriology(Hardie 1986)& 7)%2 WEo)7 o]&E
AR s Streprococcus 0.8 FRHYLH, FALS
AAASB 2 Lactococcus £2.8 FRFHIHHolt er al.
1994). FF3L 93 16S IDNA9 HE Y71MEL ¥4
g Az BeFF BEE Lactococcsu lactis2 FRHA
1= 3
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2 doA bacteriocin BA L. lactis 5 AX @&
Z71o] EAHJEH Lactococcus sp.= UiF-E A @
oA AEHe ¥4 Adez 984 deon YE 3
A 0 AR wae] Fesia gl 2y AX] GE
o} A3 Lactococcuss F4 To2 AN A4%E
o] $A Rt F 1990, A 19%4). wWaky & ATl
AR AR e 15ToA EEAFIEA AYE] bacterio-
cin A4 Lactococcus7y 27199t 2ZQ Aoz AlRE)

8 A" bacteriocin® L. monocytogenes, S. aureus
o} e AFE f 2P HEA Ao daide 94
37t Aoy agSA Aldel delde AR 9
At} ol L. lactiss] &) AAE nisin ¥ WF-E 23
g Aol o3 BAY bacteriocin ©] aF FHAF
ey 9A &3t Qe A 2 2948 2R3

L. lactiso] 93] AAE nisin® pHI} RolA4E L4
3 PNl F7kshe 54 Atk =3 pHrE 22 el
A 1Al gsME Ho A gou pHIT F4 ol
o] HA Ef&Aol Hi Ao gloldda RIHZT
(Hurst 1983, Liu and Hansen 1990). o]d] tjg &3t 7]
AL 4R YA FAT 4149 pHAA nising] 72
o 3%x W¥e Aty FPHL YUoHLin and
Hansen 1990). 28|\} & 7oA ¥2]¥ bacteriocin
nisino] ®}E] vlZA YW WA pHAM 8ol fAHAU
o ol G AFE HEAR 4] AEL EE oUEE
HENM LS ¥ & dg Aoz Jydd. £
100CAA 10827 Gx2A g0 100% FAS o] ¥las
gl AT Aoz Ay ol g uiF (AL
bacteriocin®] X™g FZoJA wFRPrKYildirim and
Johnson 1998).

Ba#FF9 bacteriocin® protease, protease XL, «
<hymotrypsin, pepsin Al Aol AUHISH «
-amylaseo] JAME EAol 50%BT FASHL, try-
psin, lysozyme, lipased] S 9L Wz Jgur}. 2
B o]E ZAIE bacteriocin WS AF ¥4} @F3}E
o] yF@Adle Y%L FA ¥t A2E A4S nisin
< vuld B 549 pepsino] g3 §Alo] AAHA &
o ¥FF9] bacteriocin® Ao AAHANLH EF
L. lactis subsp. cremoriso] 8] AA® lactoccocin R
(Yildirim and Johnson 1998)& protease, pepsin, «
-chymotrypsinol] 917439 lipase, amylase, trypsin 59 A
P42 7HA, & EEEFe 2 42 g 28
U lactoccocin R9} EAFL 2.5 KDaog £ A7dA
bacteriocing ¥ ABASY] A3 ALY EA29 pore
size7} 3.5 KDaol22 #HAol ¥A4e AT B o
293 #3494

Nisin® #3d9 B F7MA AF Arhgos AR
#risz lon A2, £79 pHOAM E8A43 HAY A
$g ¥AHL Zed =29 AA AA nising FrHE A
$ AA ZEd slo Y 45 Asddes L)
BKH F 1990), AA L. lactis7t /3738 bacter-

L. monocytogenesE QA st léctécocciﬂ rae 534 49

iocing A4 & 9le A §4L pH, ¢, 2959
bacteriocin®] A4 FFE & & e WSl FAY
st gdHE oF HAY F e 229 4] &7
gt

ol

[ =]
—_— =
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Isolation of Lactococci Inhibiting Listeria monocytogenes from
Kimchi Habitat and Its Identification by 16S rDNA Analysis

Park, Eun-Joo, Hong-Ui Han and Bong-Hee Min*
Division of Biology and Oceanography, Inha University
Department of Biology, Taegu University*

ABSTRACT: A bacteriocin-producing strain was isolated from kimchi at the early stage of kimchi
fermentation. It was identified as Lactococcus lactis by morphological, cultural and physiological
characteristics and partial sequence of 168 rDNA. The bacteriocin from isolate had antimicrobial ac-
tivity against gram positive pathogenic bacteria, such as Listeria monocytogenes, Staphylococcus aureus
and several strains of lactic acid bacteria but not to gram negative bacteria, Yersinia enterocolitica.
The bacteriocin was sensitive to protease, protease X IV, a<chymotrypsin and pepsin but not to lipase,
trypsin and lysozyme. The bacteriocin activity was stable at pH 2-11 and temperature of 100C for 10
min. Thus, Listeria monocytogenes could be inhibited by Lactococcus lactis at early stage of fermen-

tation.

Key words: Bacteriocin, Kimchi, Lactococcus lactis, Listeria monocytogenes, Sequence of 16S rDNA.




