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Characteristics of Bacteriocins by Lactic Acid Bacteria Isolated from Kimchi
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Abstract: Kimchi is a traditional Korean fermented vegetable product, which is fermented by various lactic acid bacteria
(LAB) including the genera Lactobacillus, Leuconostoc, Weissella, and Pediococcus. Until now several bacteriocins pro-
duced by LAB from kimchi have been isolated and described. Most of these bacteriocins were screened using Lactobacillus
plantarum as an indicator strain probably due to the application of bacteriocin to control acid-producing bacteria during
kimchi fermentation. They were active against Gram-positive bacteria including LAB and foodborne pathogens, such as
Staphylococcus aureus and Listeria monocytogenes. Interestingly, however, some bacteriocins exhibited the antimicrobial
activity against E. coli and Salmonella Typhimurium. On the basis of their biochemical properties and low molecular weight,
majority of the bacteriocins could be classified into the class II bacteriocin. In this review, we summarize the present knowl-
edge on the classification of bacteriocins and discuss the characteristics of bacteriocins produced by LAB from kimchi.
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N = E AT 2 A% AR AFEel 88 nE U
ok ollg} ZEulo|QEAg T o]REHT o“ﬂ-(Schillinger

T UEte] g ARSI AA e Y F and Liicke, 1989; Lindgen and Dobrogosz, 1990). 5-2Ho]
o] frihto] EY e X9 A - FAsETH ‘?:115101 o] Fajgd vAE B WHAA vAE diste] ASA|
‘?—_}EH\:} AX W@ o= Leuconostoc, Weissella, Lactoba- 228 Zr= AL W JER] fAkFo] Zhe tiAFE Rl EA]
cillus 2 Pediococcus % 5 1009 % olel fakaEel  uhgolck, A, fakol RIS A4 B 24 g

Hofgitiar A gloH, ZHdE 2L FEEol = RURRe T4 B A F Sk mAdEe] o
Wekalel olate] BEAR T Ath(Lee er al., 2012; Kim ez 3} bactericidal 282 7FA 733 dt3A-S veR
al., 2013). o5 fHES BFdlaS F7IF 0= olgst th &4, fFAkte] £71F X34 S5 9l flavo-
ZALS 2o AAA]S AT, 21Eo] dhu]o} Z3] protein oxidasel} NADH peroxidase®] 4ol w2 ik}
S Mg EAES Fol] AHE A PR 749 AL catalase 4% 2] TESC tet It
FUE T AU oA A Hol B vAE S Zeth A, fARE BEAEe] gEd P A
o] As) B A3ARE, Hedgdo] 31, of WAES A, & FY U] diacetyl pHOF FEARESt] 19 54
A ek AR 4] A T ST EC B2 T v AR diste] sk ASAE YERATH(Dahiya and
S b b RS SA S wEEta §A1E, SA Speck, 1968; Daeschel, 1989). WA, GAkt EE Alolo]

2] 23250 AL = HElgl Al GA] ] A
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uhel|g] @ Alo] wo| 2], HuE3 Q1o v & Konisky(1982)
+ Heg|eslo)d g dA] Edoln, Aikeke Bagvt
Aol A= D AS FAdste] 2300 o) APEEA|
e EAE oA AEXUA. LukAl A e} v
2419] o2 AR, FAYA7E 22 AR 1] Bkt
2] 24l ARl AR AR A= Ao
Th(Jack er al., 1995). WebA] BHEE] Q419] 749 F-34F &
A g 22 Fot A FEelx Y ALkEs Hoist
shet] 8old ¥Rk ofue} #4124 ¥olE Sate] 540]
O g wE| g 0Als T o ok A, A9
735 AbollAl o A] FAR80] vk ©o] glon B
g2l 2Ale] 9 Hd e d 2 Alge] Aslr]o|
EAskE T JigE Al ot wal, S5ETh
+ Zlo|t}. o]yt SHA E wf v A1 232 A

¥ AE-H A (biopreservative) WA= Wa23E2] AEA|
oJA]| (bioregulator) 2 1 &-80] =4 7= Ao}, 2]
RAlo] At AE-S Zhe AL AlEE pores B35}
proton motive forceE %3, o}7|=A}F transportE A3, 1
23l AE Yol SA4E opriedks AE Bro = WEAF
ozx nE] Y88 A= Zo|th(Abee, 1995). A
7] fihte] AikslE vl 24000 tigh A= cheese
starter T2 Lactococcus lactis subsp. lactis7} ABAVS|=
nisin®] Mattick®} Hirsch(1947)0l] 2]&}e] R & HAHE
A &0 7 AHRA Lactococcus, Lactobacillus, Pedioco-
ceus, Leuconostoc, Carnobacterium % Weissella <A TF
&3t Fo vHHg] 24le] 8], B ESITHDe Vuyst and
Leroy, 2007; Srionnual et al., 2007; Papagianni and Anas-
tasiadou, 2009). & FA|X= BHgE] A1e] B, AX|dl
Al EEE frikto] Aiksks vl eAlY TR B olE
o] Aslehd, §A87 EAS 7wt} gtk

giHZ| 24l B/

MI

frikro] Ailste vHElg) Al A 7 FAE
4] 7le] B4 Aol wek $4 ago] ool
t}. o]& Ed|Z 3o Klaenhammer(1993)= ko] A4t
She vHE|g] A4S BAH B4 whet o) 2ol 4714
Z E73t} Class 2 lantibioticsE serine & threonine®]
cysteine®} $H7] S F W o] (post-translational modification)
o st BAEE F535 ofv|=4kR] lanthionine™ -
methyllanthionines $H-51= HHE| 2] Q418 B35, t3E %
B 2] @419 nisine] &}7]ef 4:3t}(Jack and Jung, 2000;
Gunder et al., 2000). Class II= lanthionineS $H3}4] &
= AFe] 10kDa WPl A& AF71A] Bl @
g 24lE0] o7]dl] &3t} o]52 vlawA gl HY
st 545 7o, oAl 471RA] AR class= WA TH(Nes
and Holo, 2000). Class a2+ Pediococcus acidilactici7}

A2¥s= pediocind} FAFSE BHE|R] QA1 =2 Listeria®l T
st gt daEA3S UeERM, N-ge opr|i=it A Fo
-Tyr-Gly-Asn-Gly-Xaa-Cys-¢} 22 355915 7FItHEn-
nahar et al., 2000). Class IIbe 3HtZ-8-0] T 7}A]9] pep-
tide7} M2 FRAQ 28-S T3l Vel dHEE S
o)u)8bH (Jimenez-Diaz et al., 1993), Class llc= Hlnl% &
ol EelH vleleslo s vuld F27} 88 (circular)
S zh= d|g] Q410] of7)ol] 43K (Masuda ef al., 2012).
HI7HA class 11 HHE|E] 2219 79 N-2ed op|=Ak oF
0] X< (leader sequence)ll Gly-Gly2] motifE 713 Zo.
2 dHH o, ol vHHE]4le] Al 9 EH] A] ABC
transport system’} #odl= Aoz HuHYY. 12}
divergicin A(Worobo et al., 1995)2} acidocin B(Leer et al.,
1995)2] 73-%- Gly-Gly motifS ZtA| %oH, E coli®] T
A 78] AIZHIQL sec-o]E EHISF FrALRE sec-SEA 4l
& X ¥ (sec-dependent signal sequenceyS Zt= 7o) B g
of we}, o] F HHHE] 241S vl WA subclass class 11d
2 Rtk 2y AR B class 11 HHE[ 2] 24]
o] £, HiEWA 919 SAdE &3] = AdA}
Zro] wh|g) 415 0] BeEHd wet class 1IdE class 1la,
class 1Ib 2 class Mo E £317] &+ vhHlEAE BEE
o] A class IId2 E73A = AHNes and Holo, 2000).
Class 1II= #A=F0] 30 kDa ©]/d?1 <ol &< S heat-
labile) BHE|B] 2A101H | class [V HHE|E] QA1e] &4 B
7} ol g8kE e Ago] Z3tE dhElg|Ale®
plantaricin S(Jimenez-Diaz et al., 1993)7} &7]o] S35},
v AF7HA] A7)0 Eshe BhElg] A1 wAE i
& BFEg AdEjolH, plantaricin SO 7-¢- BAE 535t
22| peptideZRF 7JE B2 2419S ER1g | wet
Nes 5(1996)2 class 1V 2H|g] 2412 75 ERFsl=d] U
oA AAEZL ojof ghrhar 2| st sEAIRE H]a A
A2 Bacillus subtilis7} AJ2F8= sublancin®] 73-3- =}e)E]
Al Bz}o] cysteine 27|71 =T S-ASHE Ao U
Elto ™, oJ7]oll= S-glycosyl transferase’} 35} post-
translational modification® Yo 7] Ao E HIZJTH
(Oman et al., 2011).

71238k ne} o] thekdl faktol oJste] warl Xajy
22 1990 dt) o]FE | AFAEol ofste] uiEE] Al
S Akl fahto] B - BaEr] A1k
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Lactococcus & BtH|2| 2 2]

Lee 5(1999)y= 7|04 wHEg] 2412 AAksl= Lactoco-
ccus lactis subsp. lactis H-559-2 #-2]55.0.H, vHe|2] 24l
o| Listeria monocytogenes 2 Staphylococcus aureus®l
sl dhteAde JeERN A, HlwE B pH~11) 2 212
(100°C) M= E4& FAFAL BstTt. g & vt
H 2241 SR AU o]eudA] A2rfET
23] 2 HPLCZ “gAI$t 3 EA}%S MALDI-mass spectro-
melry=. 245 23} 3343.7 DaO.% Lhepsic). sk e
g 22le] N-Ett ofu]i Al A4{E8-S- Edman degradation *'H
0 2= AAsIH O U A HA olm]i=Ato] isoleucine® 2 7
SHAS B 2o o ike] AE-2 Edman degradation
HhH o 2= AASH 4= ok AEAX ). o]= nisin®] A
A3 FARE 22 nisin® 2 HA] ou|=2k] isoleucine
o] & Ao]dl olm]| A1 dehydrobutyrine®] FwE 1L )]
HE Edman degradation W 0 2= o}n|=At S AA
g 4= QY. Wb XA E28l3) Lactococcus lactis sub
sp. lactis H-559 757} AAksh= vHE1 2] 2418 nisind} o)
5 AV AN olsk RAA 1A Rl 75
Lactococcus lactis subsp. lactis A1647} A2¥s= 2] L
Ao FEFHAE PCR HOoZ 4% A% nisin Z AH4F
T2 YEPFTHChoi ef al., 2000; Cheigh et al., 2002). ©]
gt ATEE "R B W, Xl nising AAke=
Lactococcus lactis subsp. lactis 77577} A1 (Park et al.,
2003), o]5°] HXY WHol| Ao R Hofgrial A
Z}ET}. Choi 5(2004)y2 A ZH-E] uhe]2] @413 kst
= Lactococcus lactis subsp. lactis YH-10 55 #-2|3F%
= ol fAkrERt olUg} a33/3w1?] Pseudomonas
synsantha 2 Acetobacter aceti®] S-S Ad|E= AL
LRt & BhEE] e A10] EAlS SDS-PAGER. 2 g
A7} oF 14 kDaol3l oM, HHE|g] 24le] E4do] amylase]]
oJate] AAE O R WFo] Hol nisind= thE 54 U
Elfjo] A5t BHelg] @4 lacticin YH-100.2 Hal3ict. 3}
A ol Helah] stels vejel o As] A,
A%t o] Wastch BEETH Park S004E 2R
X B8]t Lactococcus sp. CU216 -7} AAksl= v 2]
L2lo] Gt} 2kl Ag}o] o IS A= Alicyclo-
bacillus 5 g 15 ddel tste] =2 3 &
XS Uehdtiar B89 ™, Lactococcus lactis subsp.
lactis KC24 457} AAE= dHe|8) 219 B9 Listeria
monocytogenes| el nisindt} A =& EAdS
YERJ2 2 bacteriocin KC242} W37 | = sl TtHHan ef
al., 2013). |29 Lactococcus lactis subsp. lactis BH57}
A= BH| 2] 24191 lacticin BHSZF 57| % 0
W(Hur ef al., 2000), BFel|2] @ A12] olu]iatk < 2 {4
2] 3 o] Fol XA BTt

Lactobacillus 2 HtH|2| 22

dubr o g 7IX] vka= Z7)ol| Leuconostoc mesenteroides
7} e s olstEAE A W18 208
WEA Ha, &g 7)o HASHA Weissella cibaria E
= Weissella koreensis7} 5 ©]FHA AA3] pHE ==
t}. Lactobacillus < 7152 2a @7|o pH7} 4.0 oJl=
HoAEAARE Boshed], HAol 2 RIEE EXjse
Lactobacillus < 21 ZE5-5 Lactobacillus plantarum,
Lactobacillus sakei 2 Lactobacillus brevis7} 21, A&
7HA] olEo] Aikshkes HHg] e 4lo] BalE it Kim &
(2004)2 Lactobacillus plantarum 2 Listeria monocytoge-
nesol| ste] SHEA1-S 2= Lactobacillus sakei P3-1 T
F= Boslon, o]59] sl proteinase K *]
oS Al I o] AlAlE Ao R Kol g E
Ho] BHeg] 2 Alolg} slgitt. o)F oA gt A=n}
E7g S o]8sle] i AA5te] SDS-PAGEZ EA|F
< HESH 47 U= 4kDadS & T oA, olE E
2 2 v g AL class 1lad] &3t A3 T
Moon 5(2011)2 X|o}-215 QN2 Streptococcus mutans
o thdt &S Zr= Lactobacillus sakei K75 -2)3}
Fom, gAR g xg] A o] AEHE &
& Yo} datEdo] BHEg| 21dS T EtAT. &
HH| 2] 412 60-100°C7HA] B8 A8t om, pHe} fr
7] &ufell M= BlnlA HYg 34-S JERAITE o
Qo= AX] Ba] A2 Lactobacillus sakei B16 T
< o] g3l tiste] dgAdS UellE v
QALE Ak, EolSHAIE Salmonella Typhimurium 2
E. coli KCTC 14679} 228 Igr-SAtdl tistelx 3
& eI 2 v E] 4139 sakacin PR FAMES
Yol 312} PCRE |2 241 F- A clusterS 5353 2
3} sakacin P9} TLELS & 5 AATHAIN er al., 2012).
Lee 5(2007)2 AXZ5¥] Lactobacillus plantarum, Lacto-

bacillus pentosus, Lactobacillus delbrueckii subsp. lactis =

Enterococcus faecalis®l| TJ3te] A4S Yel= v
YA A 7521 Lactobacillus paraplantarum CTS &
3R, o]5o] Arksl= vHH|#] 2418 DEAE-Sephacel
AY ZzvlEas] 2 CI8 reverse-phase HPLCE A
stod 28709] opw|=it MES AR AT oAt MY
S 7]|%Z degenerate PCR primerS #|2}s}e] Hig|E] 241
TEZAAAE 435 23 Gly-Gly motifS ZH= class 112]
2t HHE R AN & 7 o, w4l Akl &
oJ3h= F-344} cluster’} plasmidZ} P chromosome DNA
of EAgthar Barstglet. ole HXA|NA sk ikt
o] AAiksh= At vHEE] 4l tigh A AF=Fo 2 1
ool7} Atk & = Joh. HAAA 2§ Lacrobacillus

brevis 925A 5= Lactobacillus, Enterococcus, Streptoco-
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ccus, Bacillus R Listeria 45 750l tlste] dtdAdS
EfH, v ] 24 F2ke] $1X]E novobiocing ©]-8-3F
plasmid curing B'Ho 2 A3 A¥} 65 kb =719] plasmid
o EASE AL 2 4 S o b B sl
LAle] Bt ol Ak M Ey) v A4l PR o
71484 BLAST search® H|w 3t A3} Eo|5HA% Lacto-
bacillus plantarum TMW1.25 757} AAksl= vH 2] Q.41
I AAske & 4 JAJATHERrmann et al., 2000; Wada et
al., 2009). Chung 52010y 1FAAXZEE Bacillus
cereusE FEJFFF AT tist] FHEAEES veR=
B e @41 AT Lactobacillus plantarum KK3-& &
ZekdTh & g g] 241 ol 9Hgsko ™ pH 3.5-8.5
o] H97A] 848 Ueile A4S YeidT. wiF5F
& & 9] B2 olgsel Melel2n Bure 3
E3H A3} MRS w9} S8 7o) vhe|2]e4lS ALk
S+ = AA. AN Lactobacillus plantarum KK30] Ak
:‘]—t vhg|g] @ 4le] 71l Ba1E Lactobacillus plantarum
7} Arkee B 241 S AESHE AT X1
=2 gt oledx= FX|wlol| A ®-E]gt Lactobacillus
plantarum K11 77} Aakel= v o219 739 E. coli
O157:H7E X313} A Aol tiske] bactericidal 84S
el Ao ®BuE7]% 3F4tHLim and Im, 2007).
Leuconostoc & % 7|E} gtE[2[ 24

Choi 5(1999y2 AXZXE] Staphylococcus aureus®l| 3t
TEAE Zr= Leuconostoc sp. 12 55 E23150H,
Tricine-SDS-PAGEZ. H}E||2] 9.419] BAle-S SAS A3
oF 2.5-3.5kDa¥S & = AU} T3 Leuconostoc sp. J2
o578 BAshe Zekan|=9] 25kb-EcoRl HAHES E2

Qa1 E. colidl @RARAZ A)Z1 A} Staphylococcus aureus
o] FHEALS zh= AMZZL E colis B2 5 AT Yang
5(2002)2 Lactobacillus plantarum®)| ts}e] 23S
UERA= Leuconostoc mesenteroides B12 £330, &
2] 24l pH B FePgo] Hoju pH 2.5-9.5 18|ar
4-120°CS] EAEel= %%%WO] FAEE 545 UEh
At el 1] EAE ¢F 3.5 kDao|l o, Solst
A= dH|g] A1) Ao 2 AVE3E Lactobacillus planta-
rum KFRI 464 759} EleF A] Bheg] @41 ko] &
7hE= @2l veht wEE Al AL fE Edo] I
AT Woll SAIgH L Baustdnt. ol9f AVl A
olA E23} Leuconostoc citreum Gl7°] YAksl= vl g]
Q4191 kimchicin GI7 9A] Lactobacillus plantarum KFRI
464 o)) eJsto] Yito] X% SHATHChang er al.,
2007). Shin 5(2008)2 Listeria monocytogenes 2 Staphy-
lococcus aureusdl| k] TEAS JeEh = Pediococcus

pentosaceus K23-25 A ZHE EElstR o,
LAl (pediocin K23-2)9] §4& HES
3L pH, & 2 F718w A2ol=
o vHlge4le BExpgko] oF 5kDag YERY class 1adl
‘:‘rJ— Husilet. AR vhe2] 2419 opw|=it Ad
l—roixlzl o} & w2 419 T pediocin}
T4 o= ZARA] skt A)elA —fﬂd' Weissella
o] *3*}5}‘; a4l gk A= Wl
YA e Aoz Yepstet, 7<]°ﬂ 2 H%
2 Weissella & kTl EAlskE AS & of oz A
T7F X8 ojof & Ao g AT Ax7A] AX|
w2 e 41e] Asteld] 5498 HlulA & wetEQlont, vt
B2 24 Akl Brefehs 184 Aqe Bol o]FolA|
2 & Aog vehtt Ag7hA Eeld e Al
ol Lactobacillus paraplantarum C77} AVel= paraplanta—

oX r°l'
ru[o

r>~

g2 1fr oomy Jp i
Jo 323
O_u

o

ricin C7%FO] A ﬂL HEgesloz BHuEglom, oif
nisin, pediocin 2 sakacin®} FARFAY FL3H ‘i].'EﬂEL‘?_/,‘_]
S 2 YepT). o= fX|olle thekst vEg] 4l AL o

2oh ZAste], oAl AR HElel Qg AR
Aol EARE A% A ghebd DR 1R
S5 o83 At v A ikt ' BlEo
metagenome JRE 53+ A5F 2HE2] 241 322} mining
AT GA] WEEolof & B0 = yAehEh

o (o] 5
) =

2h ZAgAEo g FA7A] 1
25 gefgt fikrEEol] Aikshs v el
o thet A7} 2 E OJ%E]- Lactococcus, Lactobacillus,
Leuconostoc & Pediococcus <5 T5-50] of7]0l] &3hH, &
olgt A2 o5 AHA fraf v Al HA| Ao R
‘”’Eﬂx Lactobacillus plantarums AA|F 0.2 AFE-ske] o

B2 ST o)F Bl Al fAkd  Listeria mo-
nocytogenes= ESF3F 1kl diske] dtEAdS U

Ellon, o5 5 HWE2 E coli @ Salmonella Typhimu-

rium?} 22 Aol tiste® e ds e
EZ o]S50] Ay 3}% 2] 41 O F3E class 110l 4

She AEAbEe] wEg] Ao pH B doll -
E4S YRR}, sEARE ©o]& = Lactobacillus paraplan-
tarum C77} AY2¥SH= paraplantaricin C77H0] 2151 B}e) ]
QAo F O]E HLEﬂa Q Ale] ofr|:=Ak ,\1 7A m HLEﬂ
2] oAl AAL GAA}e] §AEA FHe vlwAd Z I
2| ko), ko = thekst 2579 71X A\ B2 RE AlgF vk
g2 24l Ak F5=o] g2 2l 71%]2] metagenome FHE
7Z2 o A7 wHEleAl 04 S Fe) ) 3
solo} & Aoz Aztect

ekt
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