Korean J. Microbiol. Biotechnol.
Vol. 39, No. 4, 390-396 (2011)

Lactobacillus sakei %

KOREAN JOURNAL
OF
MICROBIOLOGY
AND
BIOTECHNOLOGY

(© The Korean Society for Microbiology and Biotechnology

MEXHEN B Leuconostoc mesenteroides? }

MAMSH= Bacteriocin® S

o|&
d7|chef

Received : August 7, 2011 / Revised : October 27, 2011 / Accepted : October 28, 2011

Characterization of the Bacteriocin Produced by a Leuconostoc mesenteroides Strain Inhibiting the
Growth of Lactobacillus sakei. Lee, Kwanghee and Jong-Hoon Lee*. Department of Food Science and Bio-
technology, Kyonggi University, Suwon 443-760, Korea — Lactobacillus sakei is known to be the most populous
lactic acid bacteria in over-ripened kimchi. Twenty three strains of Leuconostoc species inhibiting the growth
of Lb. sakei were isolated from kimchi and amongst these the Leuconostoc mesenteroides strain CK0122
exhibited the highest antagonistic activity against Lb. sakei. The culture supernatant of the strain CK0122 was
fractionated by a molecular weight cutter and lyophilized. The fraction with a molecular weight of less than
3,000 Da showed antagonistic activity against Lb. sakei. The antibacterial activity of the active fraction was
sensitive to proteinase K treatment, confirming its proteinaceous nature (bacteriocin). The crude bacteriocin
was active in the pH range of 4 to 7 and extremely stable after 15 min of heat treatment at 121°C. The crude
bacteriocin inhibited the growth of Bacillus cereus, Listeria monocytogenes, Staphylococcus aureus, Alcali-
genes xylosoxydans, Flavobacterium sp., and Salmonella typhimurium.
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FAkTo] AAFSE= bacteriocine EA1=F 2.5-40 kDa2] H]
A ;<1—° S‘I—ﬁ/ﬂ 1;]-\3]4;(15 —F_Lq:l_ﬂ-x]] o]] 9\}\_‘:_ Gram Obﬂ A-]]
ol Hal] A=l ez ASA 28-S 3kaL, pepsin, chymo-
trypsin, trypsin 52| =43l Tﬁﬂ&ﬂl oM 2=l o
Aol F-al5}7] vl 2t H7EE A Fshs An|A
QFE wEAZ 4 9l A ATHEAZ QA= g}
[4, 8]. 19539 Escherichia coli2 €] n|AE2] AES o
AR TAE F2]3te] colicine|2t 3 o] F Hofst
] A& 9] bacteriocine] 3= 3L 3] 2™ Lactococcus
lactis7} AV nisin o] Ygll|A] AEREA 2 AR

3} HglcHd).
clerat frAktel QAL Fefshs Ao B
whe} A2 S AFAEA AZE F1eHE B A

8 vAES] sdo] Hogkom], =g AFHIA
=& FXEZ 8 9] bacteriocin A7} A= E
coli }SA & 5S X3 bacteriocin XA Lactobacillus
brevis7} ¥-2] = QA 31[5], Leuconostoc, Pediococcus, Lacto-
coccus Y Lactobacillus 4 FATS2YK€] Listeria mono-
cytogenes?] S-S A 33l= bacteriocin®] 27} 1= 3]
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©™[14, 16, 17, 32, 35], Enterococcus faecalis, Clostridium
perfringens, Helicobacter pylori 52| $1eiAld S-S #]3)
3= bacteriocin A4 2] f=l Aol BAlEIEH 18-
20, 22, 33].

AA = ’:%‘E*’"‘é el F8E7] Wil FEIdAdAME
R A8 EE 548 7L 9ol JdAs F2e AlE
ol o=+ W}E}/ﬂ 4 £F3ke} A P70 A2
ZddAdx e A E frerIskt A3 AR 2 AL
2 AFERL[15], AHH AR AAte] A sfEmA 7 7‘4
WE| Fefehs rAES EH R Aofdle] FHE 3
712 71717 AAAIT I Aot Al E 31‘;}.
‘”’\}/‘4 ZAL, A, sk} 22 EEH wile] A%
=L, AeEA FEEH 22 A FEEH A FEEA,
714 58 A7 ARl en, FdE o4 AR
Alolel gt A= v 213 = AT 26)].

7WA1717F RS 98 bacteriocin A TS 2831 27|
o] AFolME TE ATl d3l FdZAS KAk
ol ARA o] Y2 bacteriocin A FAHTFFE Als)od
o= L3198, 9]. vt AA LR whE Akt
Holol] tigt Azpr} Barglel we} W F7]e0] ¢33l 3]
2] Ak o] itz IMNEUR Lactobacillus plantarum
o] A4AHZ $13t bacteriocin AAFFFL] Anbe] z18) 5]
31120, 23, 39], Lb. plantarum RSN ZA S HF3F



bacteriocin 234 Enterococcus < 57} E=]=|o] 7127zt
AR}l 83 H o= B EQTH[29]. 22Y Enterococcus
& Akt ZIAEES] $AFo R QA FA] kom, ¢4
=4 WA ost #52] KA o] =Rhe] H Il 9l 1A
HEE 98 SR AR o A o= AEET30].
ZZoll= Lb. plantarum®] AB5-& A 31= bacteriocin A
A Leuconostoc & TF5 A 2HE] Ha]sled bacteriocin
o] EAS 793t oS, 15 Leuconostoc citreum GI7
< A7Bsle] Azt X9 A B4, 7717 QA A
71et Fe] WRIIZF F AEAH e AR AAAHA
ATAI7E BaEe2, 3, 39].

g, 168 rRNA f5#H(16S tDNA) 9711 9& o83
AT 7t dubslEa, AR EE Es A
43t wioF vle|EA 712 v|AE 3 A7t 2] o
2}, Leuconostoc S50} o2} Weissella <5 frAkTo] 73]
HE Z7)9} H57)e| S ARFAL glom M7 o] F
o= Lb. sake} $A3 e A7 HaEdo}24, 25,
34].

olglst AXE I3 w|AE AL Aol & - Tl
gt Heebsde] Wbl = Bslal, MR F7]o AAsH=
HEA AT Lb. sakeis GAIER= bacteriocin AAHTT<]|
I3t AT A Askh FE3] Lb. sakei BFTT
(type strain)E A|A|FFE AE3le] bacteriocing A=
Leuconostoc mesenteroides T2 A3 A 1710] B
A g, 7HA717F dAbe] E3E 7} o, bacteriocin A Ak
Leuconostoc 4 752 AWFS Ex= 3t A2 g
[1].

2 AR FT o] MR 719 $AHFTeE dEiAl
Lb. sakei®] 5L A3t = Leuconostoc L Weissella <
TFES Asle], ©]F hetero EY fFAHFES] A
B4 FHORS M8 /eSS Bt vt slvh26]. & o
TFol M= ARE Leuconostoc & 23 5 5 5, 7B =
2 b sakei SA MBS Yebdl Le. mesenteroides
CKO0122 757} Akl ASAsE4e] 548 A=slsdc.

Lc. mesenteroides CK0122 @F29| HiQF AMZlol Z& ol
ZeREE M=

30°C u] 7] 271 2447 F<F MRS sl Al A mlj <
g CKO122 w5 wioFl-& 42 (6,000xg, 20 min)3}ed
3]4=3t AFAlelS- 0.45 um membrane filter(Gelman Science,
USA)Z A3t v}2, Amicon Ultra-15 centrifugal filter
devices 3K(Millipore, USA)ZS- o] &3} E2}3 3,000 Da
o[t olste] wE o2 Vo] Eakelct.

Lc. mesenteroides CKO1227} Mirsh= ghaEZlo| 2X12F
CK0122 FF7} Akl aEde] Baleks agar disk
diffusion method[3915 AH&-3lod ZAEs3Act. <F 10° CFU/
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mL ¥X2| FA|FF Staphylococcus aureus ATCC 12692
vijoFed 200 uL=- nutrient agar(Difco, USA)l| =23t ¥ ¥
Al 8ofo] Z1Z=m A%l paper disk(@ 6 mm, Whatman,
UK)E 2=ttt 415 3,000 Das 7|52 533t u)
oF AL 100 F=5ted 217t paper diskel] 20 uL A7}
g o, 30°ColA] 244]7F wieksle] A543 % (clear zone)
S shelskgleh. 3,000 Da o3 23S ARE Aol
spAlgt ASA )7L vehgARE, 3,000 Da o]Ake] £3S A
7t ASole AgA N ol ehbAl sko}, CK0122 F
Foh AR ASANEAS 2AF 3,000 Da olshe]
AR FA G (Fig. ).

ZSIFEE0| 28t Lb. sakei MSKeHEM

wjoF ARl S Balak 3,000 Da o) AF} o]ske] BEos
vhre] AR 2EAS 47 001 gmlé] FEE
A7FE MRS ¥iA] 50 mLol| 30°Col|A 24A17F Aufekst L.
sakei CKO155 w9} FEFF Lb. sakei subsp. sakei
KCTC 36032 Z}7} 1%(viv) =2 AHE3) o2, 30°C9]
A weFsbaA 23EAL Aol i AsA e 554
E(600 nm)E =43} Th CKO155 57 & AFA1E0]
AsyATolA] A 2H5E sl T4 Tl 26], &
5%+ Korean Collection for Type Culture(KCTC)ZE 5
B 739w 3,000 Da ©]3le] £35S 3713 Afele
g AEA307F YepdAIgE, 3,000 Da o]Ake] #3283
718t 73-gelle Z3EAS AR 2 dExTs 2 A
o] 2 vehf|#] ¢katch(Fig. 2). 3,000 Da o|3}e] F3EA

<= AN E2Jgk CKO155 ¢ a2 AS5S =

Below 3,000 Da

Over 3,000 Da

Fig. 1. Growth inhibition of Staphylococcus aureus ATCC
12692 by two cell-free fractions from Leuconostoc mesenteroi-
des CKO0122 separated by 3,000 Da molecular weight cutter.
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T AAlsl= Aoz FolEo] Le. mesenteroides CK01227}
A= Lb. sakei A5A 3 €A A 3,000 Da ] 3}
o] EAR opA] shi ElE gl 3,000 Da o] &t
AE ofgt A E el o], = 9 ASA S EA S
EAE wiAIE o glAIRE, 22 o] shsHAl AsYEA] F
gk Zlo] Yelez FAHY, ZrEAC] H7EE CKO155
T} BT AAe] =27 Frlsle Ao Kol &
Z2F 3,000 Da ©|3}e] 222 bacteriocides}”| Rol= bacter-
iostaticgt =2 FHF),

Lc. mesenteroides CK0122 @37} Mitsh= stREE9|
ordH

CKO122 57} Ak iAol 4 9 pH, 2%
ol Wtk PAd2- EAlek 3,000 Da )3} ZIFEAE o4
8} Bacillus cereus KCCM 113413} St. aureus ATCC
126925 A A2 2 3t agar disk diffusion method[39]9]]
o8] Hrpstela 2 ¥5= KCCM(Korean Culture Center
of Microorganisms)3} ATCC the global bioresource center
25H F8)8eh. Nutrient agars 1A T2] Sl AHE-
star, AsA &> AsA e 272 S50
Paper diskell H7}8h= A8 Y3 2271 0E A %3}
o] 20 uL A7kt

o) oJst e QIS doliy] 98ty
gk ufeF Ao 5N NaOHE A7l $AC= 243
S, WEAEst 0.5 gmLe] s "l S o]
A 5 2T A T 50mM JAREEE
(pH 7)ol =<l a-amylase(EC 3.2.1.1 type VIII, Sigma,
USA), lipase(EC 3.1.1.3 type VII, Sigma), proteinase K
(EC 3.4.21.64, Sigma), catalase(EC 1.11.1.6, Sigma)S 3
7VBRAL 37°Cel| M 24A17F A2Jst o, Z3REEA ] Ao
u)X)E F40] 9GS HAESG. CK0122 #57} BAkst

3
LA |

0.D.g¢9

25 4
2.0
1.5
g
kd
Q
=
Lo
0.5
0.0
0 6 12 18 24 30 36 42

Time (hr)

+ A 3,000 Da o]3le] Z3rEA2 A Raj g
proteinase Kol 2J3F &34 Ailo] Eelxe] thilzlAg
= sle}o] =4 bacteriocin®Z Q1= ¢l (Table 1).

ZerEAle] Aol B|XE pHE| oJdkS dolrr] 9
sto] 233k wjok A AL 5 N HCI =& 5 N NaOHZ
ARE-Ete] pHE 2014 11747 Aoz 24333, 4°C
of| Al 24|17t WA thg, WEAE3RT 0.5 gmle] TEE
Fell 5] pH P84 ATl ARSI A AT St
aureuss AHE31] pH A BRIt 73, pH 20014 11
7k 2] ool A gEAdE 1T 4 9l pH 4 |3}
2 pH 9 ool M= 73t ASAsEAd o] Fel=et. L
A} St aureuss /3 pHOlA HHAAS LEP AL 4 o
3 9l 9 o]Ake] pHE AAHLAE Blejus Hlo= duiA
o 12]. wfebA Bld w2 pHollM AAS= B. cereuss
Ao ZE Z3rEAe] pH S HESE A, § ©]3}
o] pHelAMRE A Al B8t A 84S VERSITE. pH
4 o]3le] Aol A R AIqHe] AAe] 417 vt A&
3P, CK0122 757} AAFSH= bacteriocine pH 49|
Al 7 AL oJ oA HHBALE e AR AlEEHY
(Table 1).

2Iof 3t A HAES $I8te] 338l W xst
Z2FTEAL 0.5 gml BEZ 75 Fo 4°C, 30°C,
50°C, 70°Cel|A] 24A17F, 100°Col|A] 532 = 308, 121°C ¢
A 1582 AEsisdeh. ZerEAlS 121°C, 155 ARPAE
o oAM= EAdo] FHav) el A] g Aog Hel =
2 o QAAE FHAT 9= AR JeRgeh(Table 1).

L oc’o=

¢

=

%3

Lc. mesenteroides CK0122 @37} MAilsl=
gt AmER

CK0122 T57} AAksl= z8d-EAle)| o3t 8% bacteria
o] 3t WEA el FA S agar disk diffusion method[39]Z

aEE

2.0 /,»-M

0.5

0.0

0 6 12 18 24 30 36 42 48
Time (hr)

Fig. 2. Growth inhibition of Lb. sakei CK0155 (A) and Lb. sakei subsp. sakei KCTC 3603 (B) by two cell-free fractions from Lc.
mesenteroides CK0122. The culture supernatant of strain CK0122 was fractionated by 3,000 Da molecular weight cutter. The growth of
Lb. sakei was measured in MRS broth supplemented with the cell-free fractions with a molecular weight larger than 3,000 Da (O) and
smaller than 3,000 Da (@). The growth of Lb. sakei in MRS broth without cell-free fraction () was measured as the control. Growth inhi-
bition test was repeated three times independently and the values of each absorbance are mean values of three replicates.



Table 1. Effect of enzymes, pH, and heat treatment on the anti-
bacterial activity present in the fractionated cell-free superna-
tant from Lc. mesenteroides CK0122.

Treatment Relative activity (%)
a-amylase 100
catalase 100
Enzyme A
lipase 100
proteinase K 0
pH2 100
pH3 100
pH 4 100
pHS 100
pH pH6 100
pH 7 100
pH 8 10
pHO 0
pH 10 0
pH 11 0
4°C, 24 h (control) 100
30°C,24 h 100
50°C,24 h 100
Heat 70°C, 24 h 100
100°C, 5 min 100
100°C, 30 min 100
121°C, 15 min 100

The culture supernatant of strain CK0122 was fractionated by
molecular weight cutter and the cell-free fraction with a molecular
weight smaller than 3,000 Da was used for activity determination.
Bacillus cereus KCCM 11341 and Staphylococcus aureus ATCC
12692 were used as the indicator strains and antibacterial activity
was measured by agar disk diffusion method.

AHesle] AES T oF 10° CFU/ML 559 FA1T 200
uLE A Aol =g & FA| Sfo] Az At
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Table 2. Antibacterial activity spectrum of the cell-free fraction
from Lc. mesenteroides CK0122.

Indicator organism Antibacterial activity

Gram-positive bacteria

Bacillus cereus KCCM 11341 +
Enterococcus faecalis KCTC 2011 -
Listeria monocytogenes ATCC 19111 +
Staphylococcus aureus ATCC 12692 +

Gram-negative bacteria
Alcaligenes xylosoxydans subsp. xylosox-

ydans KCCM 40240 *
Escherichia coli O157:H7 933 -
Flavobacterium sp. KCCM 11374 +
Salmonella typhimurium KCCM 11862 +

Antibacterial activity was determined by the appearance of growth
inhibition zone on agar medium. Cell-free fraction with a molecular
weight smaller than 3,000 Da was used for antibacterial activity
spectrum test.

The tested strains were purchased from KCTC (Korean Collection
for Type Cultures), KCCM (Korean Culture Center for Microorgan-
isms), and ATCC the global bioresource center. E. coli O157:H7
933 was kindly provided by Prof. Jong-Hyun Park of Kyungwon
University. Ls. monocytogenes was cultured in BHI (brain heart
infusion) agar (Difco, USA) and others were cultured in nutrient
agar (Difco) for 24 h at 30°C.

¥ paper disk(A|5 6 mm, Whatman)g 2213}c}. 22l
3,000 Da ©]3}9] 553t 5 gmlsEe] ZIHEAS paper
discol] 20 pL H7}8F v, 30°CeA 24417F wiofsle] A&
] &l 8k(clear zone)S &Heldt A3}, B. cereus, Ls. monocy-
togenes, St. aureus, Alcaligenes xylosoxydans subsp. xylosoxy-
dans, Flavobacterium sp. 2 Salmonella typhimuriuml| o
sle] &4t AL el A9, E coli O157:H72} Ec.
Jaecalis*l| B8t &t G- vehA] dSkek(Table 2). ozt

Table 3. Characteristics of the bacteriocins from Leuconostoc mesenteroides.

Source Molecular Stability Indicator strain Reference
weight (kDa) pH Heat

Kimchi <3 4.0-7.0 121°C, 15 min  Lactobacillus sakei This study
Spoiled black olives 2.7 2.0-12.0 121°C, 30 min  Escherichia coli, Pseudomonas aeruginosa [37]
Fermented sausage 2.5-3.5 4.0-9.0 100°C, 60 min  Listeria monocytogenes [38]
Goat’s milk 2.5-3.0 4.5-7.0 100°C, 60 min  Listeria monocytogenes [11]
Kimchi 3.5 2.5-9.5 121°C, 15 min  Lactobacillus plantarum [39]
Cheddar cheese 4.5 NT 100°C, 30 min  Listeria monocytegenes [6]
Processed meat 4.6 2.0-7.0 100°C, 30 min  Listeria monocytogenes [31]
Kimchi 6 NT 100°C, 30 min  Listeria monocytogenes, Lactobacillus sakei [1]
Raw milk <10 4.5-7.0 100°C, 15 min  Listeria monocytogenes, Enterococcus sp. [28]
Wine 32 NT 100°C, 5 min  Lactobacillus fructivorans [40]
Boza NT 2.0-12.0 121°C, 30 min  Listeria innocua, Lactobacillus plantarum [36]
Fermented sausage NT 2.0-8.0 100°C, 60 min  Listeria monocytogenes [27]

NT: Not tested.
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A CK01227} AAFsR= FHEAL Gram Aol So)H
o= z2k8s= 7o) ohd F(species) =X T(strain) o]
A9l gHEAS VRl Ao FAHT

1]

a

AF7HA Bargl g AR, 2=, 9]l Ba) 5o o
kgl g AE FAle] Le mesenteroides?t A AF8L= bac-
teriocin®] 5415 Table 3¢l A3t} Le. mesenteroides
7} AAE= bacteriocine 2.7-32 kDa =7]9] vfekar ¥}
FE 7L A, HAIZ 6 kDa ©]31e] ##A} bacterio-
cine] FEF o]FaL 9lvh. BF =& A S 7 3
a2, vy w2 W 91e] pHell Hisir e A S veRlE
ez gl=Eglet. 28yt AAFoZ AMS3E Ls. monocy-
togenesS] A pH7} St. aureus 2} B]523t 4ol|A] 9 A==}
+ AS aEsPE[7, 13], 73 2 7] 2710049 24
2 pHoll o8t oJgkor FA =, o] Fo] TS fepll=
392 pH 4ol|A 8 A== FA =)

o] 5 bacteriocin 3, Lc. mesenteroides E131 &7} A
AF8F= mesenterocin E131-2> ¥A12F 2.5-3.5 kDa2] #]Ex}
bacteriocin® 2 Ls. monocytogenes %5t obJ 2} Lb. sakei,
Lb. plantarum, Lb. curvatus, Lb. paraplantarum 52| ©+
¥t Lactobacillus 4 fAHE A5-& JAISHA9, E. coli®]
AEA AL 9l A2 B UEGHH38]. CKO122 FF
bacteriocin®] 7-$-o| = Lb. sakei %1t oz} ZAAdE ¥
71| A vl = Lactobacillus 4 frAbEE2] 52 #138)
A=k, E. coliol] At ASA S A e A kol
mesenterocin E131-2 CK0122 73-2] bacteriocin} 7}7}
AR 5448 7R 3L 9l bacteriocin® & FAE ).

CK0122 #57} AAFSE= bacteriocine ¥ 4 eFAl=}
B> W9l pH S 7L 9l Bk ope} W &
T ~HERSE 7R AL gle] HRkst AlF Al xR AAREA
He 2 A4 7hss e E FAEd =3 CKo122 #5571
AYAFS= bacteriocine T2 AE SJsiAl 2] B8-S A
3|33, Gram TR ol STl = 2H8-3517]
ol o AN A4, A I HRAFY] M43 F
A2 A7 FeAd o] FobA AL Sl $lsiAlre] #3ts} 9l v
A5 Aol = a3} 9le Aoz oAk=H 10, 21].

o OF
il =

AAEE F7]9) AFo =7 AHA Lactobacillus sakei
o] A2 AsNdl= Leuconosotc < 23057} X 2 HE
e HR, ol F M =2 ASANELE el
Leuconostoc mesenteroides CK0122 7} A= A8
e EAe] EA4S A=A CKo122 T5-2] Wik 3A
NS F21FF 3,000 Dag 7|52 B33l FEZES £

A} 3,000 Da o|3te] EAEFAZHE] Lb. sakei 54
37} 2Hel =911, proteinase K ] 2]oll 2]3] dFo] 44
=7] Wtell, CK01227F Akl At 2 EAb
3,000 Da ©]3le] thii=lA) 3E2 (bacteriocin)2E 4%
o}, ¥x1% 3,000 Da o|3}e] Z3FFEA-E pH 404 7 A
0] ella] HHEAS ML, 1210C, 153 AREA
el M= o] FAHE w2 IS el
o Bacillus cereus, Listeria monocytogenes, Salmonella
typhimurium, Alcaligenes xylosoxydans, Staphylococcus

aureus Y Flavobacterium spoll H&lod 3+ XS el
o] Gram AT W A2 Alolo] HE 753t o=
ehatch.
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