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Abstract

A new bacteriocin-producing lactic acid bacteria (LAB) which has been isolated from kimchi was identified as Pediococ-
cus damnosus by use of API kit and 16S rDNA sequencing, and designated as P. damnosus INU 534. The bacteriocin pro-
duced by P. damnosus JNU 534 markedly inhibited the growth of some of LAB and Listeria monocytogenes, whereas other
pathogens including Gram negative bacteria were not susceptible. The production of bacteriocin started at the beginning of
exponential phase and reached maximum activity at the early stationary phase. The bacteriocin was stable on the wide pH
range of 2-9 and heat treatment up to 100°C for 15 min. The antimicrobial compound was inactivated by treatments of pro-
teolytic enzymes indicating its proteinaceous in nature. The bacteriocin was purified by 30% ammonium sulfate precipita-
tion followed by hydrophobic interaction column and C,4 column chromatography. The estimated molecular weight of the
bacteriocin using tricine SDS-PAGE was approximately 3.4 kDa and the identified N-terminal amino acid sequence was

NH,-ILLEELNV.
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F BEA e IEE AFEC] HA SUHEL e
FA|°]tk(Nes and Johnsborg, 2004).

Bacteriocine P|AJEo] Aikeh= A FEA W
AZ FEED Qe A didoln Ald] HHH
W AsPy|Ee] il ArEe s ofdl EsEo =M,
A F=3tar zhRAdo] flk= FolA AF 59 &
A HEARA BEAo] FHEIL UTK(Tagg e al,
1976).

A G7HA G#F bacteriocine G4 oJFo] lom,
ot &9 YA EE 244 M9 AR bE
Ej 2] bacteriocinS AAFS= Ao 2 deix Ut H2
TR0 23} bacteriocing AYAFSFE  Lactobacillus
acidophilus 30SC] genome EAZA¥ 5709 LR
bacteriocin RS 2t Q= Ao E IRIFHITHON et
al., 2011).
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o $ka1, =, v, T, o|gEo} T o] yetollA
2% AR 385 JUHKim et al., 1993). 1}
U AE nisino] FAAR EFE] o] nising EFH
3l =573} bacteriocin®] AEFH 7= dAAF o2 B35
T} 131} bacteriocing AAFehE ikt v o] AL
< 3&3tar Q7] wiiEol AFS HA BEAZEA G
bacteriocin A7} Bo| =1 .

2 A7 o] dd Aol EElst eSS Ui
© 2 bacteriocin AAF fAHTS A bacteriocindl] T
Sk gt 9ot QP F B opp|A ES B
Agro g Z4kAE W AE MGl A8 TS &
etz skt

A, WEA, X SO AF AR B IS SRl

Sl FEANI S vAEEE A
cHE S teE 88 =
ATt f-2HTS MRS brothol], Gram %4 % Gram <
Ao WA H-& tryptic soy broth(TSB; Difco, USA)e]l
HEsh 22 2702 wdsath

HHE2| 24 MikgFo| MU A -

Bacteriocin A34Ht2] Ak 7} ikt wlj et A
SHAS I3 al o]= 242} pH 6.5 FAHI T 045
um-pore size membrane filter(Advantec MFS, USA)Z &
F3te] bacteriocin S FR1e17] 913 AlRE ARS8}
Aot vlFE AA TS 1% FEZE HES tryptic soy soft
agar (0.85%)= MRS AR FZ3}] Z} F2k Y
Fholl gk gt 24S Hrlsvh. I8 37°C
Al 18AIZE Bt wike § Uehe oAIgke] =714} 3
Aujget T3l AT AS A ARE TSt
bacteriocin &3-S 4 = (Arbitrary Units, AU)Z
FAISFAT

HEzZ oz Mty fAHFES Gram staing 53 Fe)st
& EA-S &<213}al API 50 CH carbohydrate test kit(Bio
Merieux, France)E ©]-83F rais FALeIgdch =3
16S IDNA £413 sl HFHog A S 5
AR om EAo] AFE-H 16S primer 5-TAC GGG
AGG CGA-3'(341H)3} 5-ATT ACC GCG GCT GCT GG-
3'(534r)°]t}.

Mg g2 2410 S
A bacteriocing AAkee fAkFS ¢F 10° CFU/mML
FEE MRS HiR|ol] HESF & 37°Co|A 48417 B¢t )
) 343 oz e} phE ZAedT. E

17t o] vjFdS 7] W SdskAl AElste
s A-S 0]8-3F] critical dilution method(Hoover
and Harlander, 1993)°] 2|3} bacteriocin &Al2] WH3}=E =
A3}, Bacteriocin®] /42 JA|gko] YeRd ] g
AE AR FHote] AUR E ST

HiE|2| 2] M|

P damnosus INU 5349] A5 dS 343 tF2 30%
ammonium sulfateZ FHHA|A Qo7 &4 bacteriocin &
O3 20°Co] REIR ALESIITE Oh S(2003)8] Y
o uje} FAXZHo 2 ZF7)5}= ethanol gradient(0-75%)°]
o3 A3 AFAS Uele dilde] &5 e dEE
olgsel SYskrh. o1F Fo) Qe Fao) Thstel 214
nmo| X 9] FFEE SAsIL At gk FAEE A
B ojRg 91 F FRBAS epd Rone 355
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o Z47}9o] bacteriocin B3-S AR THE =&
bacteriocin 4L HQ RIS T AAXAA theuAY

AN SR ARSI
M7|AHS, Western blotting % N-terminal 00| =&k A

Schiigger2} Von Jagow(1987)2] BIH O Z tricine-SDS-
PAGEE AAlstalom 7|95 0] ¢5¥ gel Candiano
5(2004)2] WO 2 A Z3F blue silver micellar solution
(0.12% Coomassie Blue G-250, 10% ammonium sulfate,
10% phosphoric acid, 20% methanol)2.2 G435} poly-
peptide SDS-PAGE standards(Bio-Rad, USA)$} o] 5 =&
Hlwste] EAMS AT

A719%5°] 45 % gel2 Mini Trans-Blot Cell(Bio-Rad,
USA)S ©]8-3}e] 4°CollA 50 V constantZ 3A]7F F<F
polyvinylidene difluoride(PVDF) membrane®l] blottings}$3
t}. Blotting®] ¥5 ¥ membraneS Blue silver micellar
solution® 2 M3l & FAMEE membraneC EHE] ZF
ZhHo] Edman degradation(Worobo ef al., 1995)1 23+ N-
terminal o}F):=AF A GEAS SH3ATH
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959 Akt TFE tPoE AATE Ui etd
23S Hryst A3} pHoll #AIgle] QFEZ O 2 bacteriocin
< Arkske d5E AU 5 AJATHE R vAA]). Gram
staing B3 Gram 49 7 FHIE gRIstiom T
Wbg S ZASE A3K(Table 1) P damnosus$t 96.8%2] 7
& YETE 16S 1DNA A AT T 5L vy
52 Vel P damnosus INU 5342 HH st}
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Table 1. Carbohydrate fermentation patterns of the bacteriocin producer on API 50 CH kit

No. Substrate Inhibition No. Substrate Inhibition
0 Control - 25 Esculin +
1 Glycerol - 26 Salicin +
2 Erythritol - 27 Cellobiose +
3 D-Arabinose - 28 Maltose -
4 L-Arabinose - 29 Lactose -
5 Ribose - 30 Melibiose -
6 D-Xylose - 31 Sucrose -
7 L-Xylose - 32 Trehalose -
8 Adonitol - 33 Inulin -
9 B-Methyl-D-xyloside - 34 Melezitose -
10 Galactose + 35 Raffinose -
11 Glucose + 36 Starch -
12 Fructose + 37 Glycogen -
13 Manose + 38 Xylitol -
14 Sorbose - 39 Gentiobiose -
15 Rhamnose - 40 D-Turanose -
16 Dulcitol - 41 D-Lyxose -
17 Inositol - 42 D-Tagatose -
18 Mannitol - 43 D-Fucose -
19 Sorbitol - 44 L-Fucose -
20 a-Methyl-D-mannoside - 45 D-Arabitol -
21 o-Methyl-D-glucoside - 46 L-Arabitol -
22 N-Acetyl glucosamine - 47 Gluconate -
23 Amygdalin - 48 2-Keto-gluconate -
24 Arbutin - 49 5-Keto-gluconate -

+, positive; -, negative

demFo| gaile

Table 2= A @55 o83l 34F9] w|AE<] tigh
A5 AgdS 7k 295 e Zoloh iR
2t 2 L. monocytogenes®}t 2 Gram gdwrol thsiA
= TS JePl oW E coli, Salmonella Typhimurium,

Klebsiella pneumoniae, Enterobacter aerogenes -5 Gram

=3 A5 AsshA] E3h.

Aukx 0 2 {2t bacteriocins-2 Gram 24312 A3l
3t ZotH ol Gram Hdvd 344w AlEZH Fx
o] W E] Aoz HuEI QIti(Ray, 1992). Bhunia &
(19912 Gram <4379 = pedocin AcHel| thgk =847}
ZA5}A] E=rhal B st Gram 2431F¢] bacteriocin®]]
el AFAS 7= ol Y shHE AZE Ao
(Kim, 2002). &3+ f-2Hto] AAFsl= bacteriocin proton
motive force®] FHE fiste] Alete] A4S At
= outer membrane®] EA}= Gram A3oll= 2835}
A Eal= Ao g d#A JAtHBhunia ef al., 1987). ¥HA
o] EA3 AT bacteriocine A|SHE S E Gram A4
ol dis] A5 oA &4S Yehdte EisEx Ut
(Bhunia et al., 1991). Iutdo g2 FAkto] AYalkst=
bacteriocin AH2lT} FAZRAI7} 717k Altel tisl €4
S Yep2 2, B8 {4t bacteriocin® Listeria®} -2

Gram Fd1te] ASS JAE 4= JYTHOh er al, 2003).
L. monocytogeness QA= bacteriocins AJ4Fs= -4k
9] T8 HaAFE Ul ¥l 7o AolE g divt
o] & 4= Uth(Moon et al., 2002). o= class Iaol
43}= bacteriocin® SHFRHY 7} FA T Listeria=2] Al
< AFEAIZIE | EFolge A7 Ayt Bad bl
At(Jack et al., 1995).

HHQIA|ZHE MIZo| & A HHH2| 241 it

Fig. 1= P damnosus INU 5345 37°Col|lA 48A]7F
QF wjkebAA pH, A4, bacteriocin B3-S H713k
o]t} Bacteriocin®] 242 Ao A Aol 2
WA o] Fo|A e 3AIRE o] FHE FTtslr] AlEtsted
Z|7] ZK1 9-122]7Fel] (200 AU/mL)ol| ©]& H
Z3te] FA)7] o]FoE 100 AUMLE A3 5
A3sict.

Green 5(1997)2] B 1ol w2 pediocin PD-12] A4k
< 7] Zukel] A|FrEo] 7] Stol] Hujjol] o]&
S A7l FEEN M plantaricin C(Gonzalez et al.,
1994), pediocin SJ-1(Schved er al., 1993) ¥ reutericin 6
(Toba et al., 1991) SIMNZ FAISE o] el o]
gk A2 g Edo] dddo]l AR AH|A ALt

Jo oY ox alk gy o
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Table 2. Inhibition spectrum of a bacteriocin produced by
Pediococcus damnosus JNU 534 against pathogenic
bacteria and lactic acid bacteria

Indicator strains Inhibition

Listeria monocytogenes +
Listeria monocytogenes KCTC 3569 +
Listeria ivanovii -
Listeria innocua -
Staphylococcus aureus +
Escherichia coli O157:H7 ATCC 43889 -
Escherichia coli O157:H7 ATCC 43894 -
Escherichia coli O157:H7 ATCC 43895 -
Salmonella Typhimurium -
Klebsiella pneumoniae -
Enterobacter aerogenes -
Lactobacillus plantarum

Lactobacillus plantarum 1167
Lactobacillus acidophilus NOCKS
Lactobacillus plantarum 1.165
Lactobacillus helveticus CH1
Lactobacillus gasseri KCTC 3163
Lactobacillus acidophilus KCCM 32820
Lactobacillus helveticus CHS
Lactobacillus crispatus KCCM 41620
Lactobacillus brevis KCCM 35464
Lactobacillus plantarum 1155
Lactobacillus acidophilus GP1B
Lactobacillus plantarum KCCM 11322
Lactobacillus casei YIT9029
Lactobacillus plantarum 1117

+ 4+ + o+ o+ o+

Lactobacillus rhamnosus GG

Lactobacillus paracasei ssp. paracasei P113
Lactobacillus casei

Lactobacillus casei YIT9018

Lactococcus sp. HY 449 -
Lactococcus lactis KCCM 40104 -
Leuconostoc mesenteroides KCCM 35471 +
Pediococcus pentosaceus KCCM 40464 -

+, Inhibited; -, not inhibited

+ +
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Fig. 1. Growth kinetics, pH and antibacterial activity of P
damnosus JNU 534 grown in MRS broth at 37°C. - A-,

bacteriocin activity; -4 -, pH; -l -, log numbers of viable
cells
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Fig. 2. Effect of temperature on the antibacterial activity of
the bacteriocin produced by P damnosus JNU 534.

tH(Kawai et al., 1994).

Fig. 32 pH ZA9l W2 bacteriocin®] ¢FYA]-S- H7)sh
Aztolt}, pH 2-92] HeloA= Y9 bacteriocin B4
FABIF LU pH 10914 50%, pH 1191XE 25%% 7+
23190, pH 12014 bacteriocin®] E4Jo] YERYA]
29ttt pHell o3ty tEdo] 84S Fsh= olfie
pH7} =& 79 hydroxides ions, deprotonated amines %
deprotonated hydroxy group=©°] A1 H<=d °|&3}
M Z HhE-3to bacteriocin®] 22 WHelE QIs SAA
317} Vel Al ti(Liu and Hansen, 1990). whebx 2 <
FolA] A bacteriocin® TFE AFAFS] o8] B
H bacteriocins°l B3} H|lZ pH ¢HFAI0] =3+ AO.
2 e

A wheof whE bacteriocin®] HEAS B3 Ade=
Fig. 49 YEhd vle} 2o} MaEye] tdfi AES 23
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Fig. 3. Effect of pH on the antibacterial activity of the
bacteriocin produced by P damnosus JNU 534.

gl= &4 lysozymeo] 2J3jA4= bacteriocin o]
A= Qo) T 7GRS G421 trypsin, pepsin, protease,
2 proteinase Kol 2J A= bacteriocin /do] A|AHLS
24 gdd B G0 o Ul

2 A7 A vepd 7Hhel gk g e e dEe s
Ao tfgt AL class 11 bacteriocin®] A3 Z <1 A2
o]t} (Klaenhammer, 1993). Elegado 5(1997)2 HPLC®l| 2]
3 A" P acidilactici M- Z5-E] AAE pediocin pH
2-129] W9, 121°CollA 1583 2 =g dAgdl
M= Hgsitkar Bargh ub ok ol ¥ FAE
pediocin® ILEE FAE FH} FiH oz st
= S AARI w3t FA|E pediocin T2 = 7191
TZol 7108k S| pH, AL2ol®= Hslth(Elegado
and Kwon, 1998). Random coil Wol|X= o] WA
H 72 GA] Aol S| pHe e 3N E o
Al random coil& F-AZC} Wb 22]3 -F= pediocin
o] ] pHe} IME S-S FAIshs U1 E A
otxlo] Stk (Kwon er al., 2002). 3HH, Bhunia (1991
HPLCO )3 HAE pediocinoll Bla] 2] ke AL
oFgAlo] Yrlal Hagth o= bacteriocin® FA| =0
7100%= Ao E Holn, FE HAH bacteriocin | &
TEOIY TE gilde] oe vl P25 fAs=

100
90
801
70F
601
501
401
30f
201

Realative activity (%)

g #el7t 2 4 AdokKwon, 1992). Elegado 5(1997)S
1==2 AAF bacteriocinol] B3] F-E AA|F bacteriocin
o] BrEo] At ahgol FgZRl dFS xHstia B
3%k vp Uk

g2 2412 M|

Fig. 5= Z9H|8] 241 8948 hydrophobic interaction
column chromatographyZ #2413t Zzjo|c}, 7} 138 H=
bacteriocin &4 H71ek Ay, 2719 A peak’} e}
%o o]F 400 AUMLE Hole HIS 35sle]
column 4] A|ZE ARESIATE C)y columno 2 H-23k
Ay} A peakz FIFAIL(Fig. 6) 2702 peak Iroll=
Hol7h Gtk webA ol T peakt Balel FA
Z A F opu|=gk MEEA A8 ARE-SISITE Hydro-
phobic interaction column chromatographyt}epRd 27]2] &
4] peak= post-translation ¥} Fo| A W3 o] A7 Ao
2 FA51 AAZ N-terminal oM =2k AL EU3}1HA

Yebth
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Fig. 5. Elution profile of ammonium sulfate precipitate of
ihhibitory activity produced by P damnosus JNU 534
on Octyl-Sepharose CL4B column. -M-, bacteriocin
activity; -€-, Ay 14um
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Fig. 4. Effect of various enzymes on the antibacterial activity of the bacteriocin produced by P. damnosus JNU 534.
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Absorbance 214 nm

Time
Fig. 6. Elution profile of purified bacteriocin on reverse-phase

chromatography using RPC column. Elution with
0.05% TFA at a flow rate of 1.0 mL/min
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3 wEgezE Gehd Qo 1ot AEE F
e A7 e FH Y AsAAME=ES g1 = AN
on Bxjeke oF 34 kDa2 FHEUCKFig. 7). =3+ pH
6.5= A% vt s Holx HA 71 L. monocyto-
genesoll 3l FE9E I8l W7|FES FAS &
soft agaroll HEH L. monocytogenesES S53%+ ZAY} band
oF 22 fIx|AA o] AsfE = Ads YEITHE
H|AA]). & AFlA E2]E bacteriocin THiE W=
Ao &L peptideol] &5HH AGA] ofn|=gto g T
AElo] 917] Wil CB dMo] A-slA] gL Aoz F
AE Ak GHFE Q] Class 1la bacteriocin®] #A}&Fo] 12
kDa ©]&}o]al 53] tFE-2 3-5 kDa Mo 430
ListeriaS 738174 Assitl= AT BEAA 2 o 2

26,625 —
16,950 —
14,437 —
6,512 —
3,496 —
1423 —

Ay (B

Fig. 7. Stained gel and inhibition on tiricine-SDS-PAGE of
purified bacteriocin produced by P damnosus JNU
534. (A) Gel stained with Coomassie Brilliant Blue G-
250; lane 1, low molecular mass protein standards (Bio-
Rad, USA); lane 2, blank; lane 3, purified bacteriocin.
(B) Gel overlayed with cells of an indicator strain
(Lactobacillus plantarum) inoculated into MRS agar

Aol A AA|SE bacteriocin Class Ila groupol] & %
02 FAEUTH(Bhunia et al., 1987). ©]= Green 5(1997)
o] pediocin PD-1& ©]8-3}4] tricine-SDS-PAGEES- =34+
A} AL 37§9] band Sl A Algtol] thEE inhibition
zone®} YX)EH= bande] EAFERE ¢k 3.5 kDao]thal X
3%k vpe} w9 fARgE Aol

SHH gelol] YERt W=7} EalkElE S-S bacteriocin
EA}pe] 733t 444 (hydrophobicity)oll 71918 o]= t}&
=2 bacteriocin®} FAFSE 54 TH(Green et al., 1997).
O2] 3t peptideE-2 AAH] MEETe] A2k
S Y F UEF sk AL Y AFES W
itk @8 tA peptideEol] o8 YElY = A4
membrane-related interaction¥} FAE A2-S ST
(Ennahar et al., 1999).

Oh(2001)= lactococin CU216, acidocin 30SC, leucocin
W65} 20| Classllol] <:5h= H]2] 241528 hydrophobic
interaction columng- AF&-3le] AAE 4= k. B3k

gk,

ki

& o

N-Terminal OO =4 M £4

Edman degradation®l] ]3] ojn:=Al ME-S X3 2
I} #Hzo] ¢/ opv]:=2HE NH,-lle-Leu-Leu-Glu-Glu-Leu-
Asn-Val(ILLEELNV) #E5E1om oHs) X IFEHE=
blocking= o] E4J8}A] Zalth. & AT FAg
bacteriocin®] 2T, STE S, ¥AFF U L. monocyto-
genesOl| TSk A8 JA| &4 52 class Ila bacteriocin®]]
431 pedocin®] 54 LXIPARE 7S] HuE AY
Al class Ila bacteriocin®] A]€<1 Tyr-Gly-Asn-Gly-Val-
Xaa-Cys(YGNGVXC)S] MEs YeRA] &8kt 0|59
A g ob=AI]] T, Leu, Valol E& HIFS 2HA|
st e M2 £ AFolA BAIS bacteriocin®] 25
A Ao] s Aoz FAH

Class IIo] <38} antilisterial bacteriocin(bavaricin A,
carnobactriocin B2, leucocin A, pediocin AcH, mesenteri-
cin Y105, piscicocin Vla & VIbyg&2 YYGNGVH} 2
ofu:= Tt M EE 7R3 dth(Klaenhammer, 1993;
Rheem et al., 2002). ©] A¥€-& cell membrane?| receptor
o] Agst= F- = bacteriocin®] target cell ol H-2}H
e 2 e JS =33HHOh, 2001). YHFA O 2 target
cell -2 negative chargeS 7] W&ol cationic charge
£ A bacteriocin®] 578 F-97F Ax714 A st
celld] F&E= Ao 2 HAtHEnnahar et al., 2000).

Class Ila bacteriocin® 1x}2o 2 thAl vl &E9 &
Faste] Alx W 2429 F53 e o] Edd¥s £
Hol= 28-S sl= ATA peptide©|T}. ©] bacteriocine
Aak gtpol] wet et W97 thas Zpo]E Ho)A|wk, 7}
F F522 542 YGNGVE MES 7171 3= anti-
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listerial activity®]CH(Bhugaloo-Vial et al., 1996; Klaenhammer,
1993).

o OF
) =

o] PHNA B3t fARtS tAe 2 AT bacteriocin
A FARFS Adslar AP 3 a4 16S tDNAS
B28F A3} P damnosus B FAZEO] INU 5342 3}
A}, P damnosus INU 5349] 2]&}] A bacteriocine
9] Akt Lo monocytogenesS] S-S AAISIAA
Tk Grame S X35 U2 HddTES A4S Y
ERHC}. Bacteriocin®] AR t<=7] Zwlol] AJZtEo] A
7] Z7)0) Hf Aol o]=Zt}. Bacteriocin pH 2-9
o] yl& et 100°Col| A 1587ke] Exel tisiv=
S AR Eg 74 Tl Rl gae] oS
S e ZH 2 AFellA BAgE £ &
WAy EAYE EAT 4 RS 30% ammonium
sulfate 23} C,, chromatographyE %3} bacteriocing-
AA & 4 AJT}. Tricine-SDS-PAGE] 2J3l bacteriocin
o] BAFS ¢F 34 kDal 2 FA3IHoH, Al A
S A A%ke] YR|7} bacteriocin band®} YX]|FFRTE A
=l bacteriocin® ZHE] EA13} N-terminal oFF|x=AF F52

219-& NH,-ILLEELNVE Uehgt}.
ZAte 2
o] =2 FH7IEARIY A€¥(2005-0190) F Z=mA
TAG SR8 AH)] A s wol 4= A-(F00051)

2 ol =Y.
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I
o
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