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Characteristics of Bacteriocin Produced by a Lactobacillus plantarum Strain Isolated from Kimchi.
Chung, Jae Hyuk', Yunsook Bae’, Yeonjoo Kim?, and Jong-Hoon Lee'*. 'Department of Food Science
and Biotechnology, Kyonggi University, Suwon 443-760, Korea, “Myungin F & B, Kwangju 464-863, Korea —
Lactobacillus plantarum strain KK3 with tannase activity was isolated from Gochunipkimchi (red pepper leaf
kimchi) and showed a high antagonistic activity against five kinds of food pathogens. Strain KK3 secreted
antibacterial compound into culture medium and 24-h culture in MRS broth at 30°C was enough for the anti-
bacterial compound production. The crude antibacterial compound prepared from culture supernatant inhib-
ited the growth of some Gram-negative bacteria and Bacillus cereus but not Listeria monocytogenes. The
antibacterial activity was sensitive to proteinase K treatment, confirming its proteinaceous nature (bacterio-
cin). The crude bacteriocin was active in the pH range 3.5-8.5 and extremely stable after 15 min of heat treat-
ment at 121°C. The strain KK3 produced equally active bacteriocin in Chinese cabbage juice as it produced in

MRS broth.
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Korean Collection for Type Cultures(KCTC), Korean Cul-
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infusion) ¥jX|(Difco)E AFE-3}H X, UHA #F5
nutrient ¥} %] (Difco)s AME-3IE}. LA u) 2] 2] A 2ol 8
HE 1.5%(wiv) H7FFAAL, FAIREe] vk 30°CA
i), wieF sl o3t 9F FAITe] ASAEE agar
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19]. < 10° CFU/mL X2 FA|7F 200 uLE Al R] o]
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mm, Whatman, UK)YE 221231t} Paper diskel] A]ZE 40
uL 718 o5, 30°CelA 244171 vijokste] ABSA]sli3k(clear
zone)e IS 1 37|15 =A 3l vH(Table 1).
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£ Ak I3 A o= vt FEANE F3le] L
plantarum®] A= whe|g] @Al 9|3t B cereus$t Ls.
monocytogenes®] AEA3NE AelslE A}, wheE] 24l A

Table 1. Sensitivity of bacteria to the bacteriocin produced by L.
plantarum KK3.

Bacteria Indicator strain Inhlbmona
zone (mm)
Enterococcus faecalis KCTC 2011 -
Streptococcus mutans KCTC 3065 -
Gram-  Bacillus cereus KCCM 11341 12
positive  Listeria monocytogenes ATCC 19111 -
Staphylococcus aureus ssp. aureus ATCC 13
12692
Escherichia coli O157:H7 933 14
Gram- Salmonella typhimurium KCCM 11862 15
negative Flavobacterium sp. KCCM 11374 18
Alcaligenes xylosoxydans ssp. xylosoxydans 14
KCCM 40240

“Bacteriocin sensitivity of indicator strains was determined by the
size of inhibition zone on their cultured agar plate (average values
of three replicates).
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TR velsiet. aebr s AL A wiekzE A
A gl ARE B4 el St aureuss AATEE ARSI

SRBY Mol AN YA

KK3 757} A= srEale] §4 el A st
=4 AR HA A S HAES] Bl 30°C w5
Z710 4 Al eFgt KK3 755 100 mL MRS =]l 1%
AHE31aL, 12, 24, 36, 48A|7F viakale] doizl wioflS ¢
Al22] 2 membrane filter(Millipore)Z. #l|t3lo] | FAME
AE Ao o|FA deiAl mi P S AR AAke
A WAzt AA S 98t Z3EA SH 0T ARSI
o} 7 A7t doA Z2F}FEA LN 5SmLES nutrient
broth 30 mLel| A713F 3 X A|AF St aureusES 1% <3}
of AT AES TR SAEAL, 3 st Alg
o] BEE =2 eplisdek(Fig. 1). 12417 wfeste]
A z3HrEA $9S AHI_E 7ol = A AT ASA]
7} WA sl e o] AJARS KK3 72| AR sHt
sle] AJAbE = Hl o= et 24417 wieksle] A2 =
e 42 1247 wieksle] A2 49 din] XA
RS 20 o] A AalBIRAAIRE, 36A17F B 48] 7F wljeFsted
A2 A §9] e 244 7F wijeke] 7352}
2ol 7b Sl A= vjelte). whebr] 244]7F ek S

Table 2. Characteristics of bacteriocins produced by L. plantarum strains.

TR

Source Strain Growth inhibition p H He.a.t Reference
Ls. monocytogenes  B. cereus stability stability

Gochuipkimchi L. plantarum KK3 + 3.5-8.5 121°C, 15 min  This study

Baechukimchi L. plantarum 19 NT 3-10 121°C, 15 min [8]

Baechukimchi L. plantarum DU 0247 - NT 100°C, 10 min [2]

Dongchimi L. plantarum K11 - 3-9 100°C, 30 min [6]

Dry-fermented sausage L. plantarum lp 31 + 4.5-6.5 100°C, 30 min [14]

#Antibacterial activity of bacteriocins was referred only against Ls. monocytogenes and B. cereus.

NT: not tested by the authors.
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Fig. 1. Growth inhibition of Sz. aureus by the crude antibacte-
rial compounds produced from L. plantarum KK3 according to
culture time. The growth of St. aureus was monitored in nutrient
broth supplemented with the cell-free supernatant of L. plantarum
KK3 culture. The culture times of L. plantarum KK3 in MRS
broth were 0 h (@), 12 h (O),24 h (V¥),36 h(V), and 48 h (H).
Absorbance was the mean value of three replicates.
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HoR AT o, WEAEs 10w sSeIH 553
w o FAFS N el Feke] 50 mM QIAFEEE-N (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 A 7}3F F, 37°Cel| A 244]
7t A=Ig o, AARE St aureus®] ASA3S agar disk
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A A Rl el ofsle] FafEE DA 2
Heto] =4 welz] eale 2 FlFgio).
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L | N HCl 992 pH 3.5-852 2Adte] AlLol|A] 2
AIZE ¥R gt -, JE7dEste] 10 55319, agar disk
diffusion methodE AM&-3e] pHell wh A e] A4 s
£ ZAEsIAH. Nising ¥IE3E fAkte] AAksh= vlelz] e
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Fig. 2. Effects of pH (A) and heat treatment (B) on the antibac-
terial activity of crude bacteriocin produced by L. plantarum
KKS3. The pHs of crude bacteriocin were adjusted to 3.5 (a), 4.5
(b), 5.5 (c), 6.5 (d), 7.5 (e), and 8.5 (f). Heat treatments of bacteri-
ocin were done at 4°C, 24 h (1); 30°C, 24 h (2); 50°C, 24 h (3);
70°C, 24 h (4); 100°C, 5 min (5); 100°C, 30 min (6); 121°C, 15
min (7). The size of growth inhibition zone of St. aureus on nutri-
ent agar indicates the antibacterial activity of bacteriocin.

A2 vk pHellM BdE Wol v}, =3kl W9]9] pHellA
Tk qHAsk Ao R ¥ aea gl ont KK3 #5571 A=

2 pH 3.5~8.59] Ak=el|A] v|S=3t F719] A At
AEA 2SSt AR n]Fo] Y2 pH FZkellA )
$- oFERS oF 4~ 9ldth(Fig. 2A). wl2bA] KK3 7571 A
Ak wte2] @412 Thofst pH o3 AlFe] XE77 4
Zol| A4 7lsd Aoz FA=G.

5o & eFAA =3} agar disk diffusion methodZ
A8t B3I 53 KK3 vk s dxjee
4°C % 30°C, 50°C, 70°Coll A 24A]7F =38} 3, 100°C
o ME 5% 2 30 A28kl autoclaveE ©]-8-3}e
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MRS iz e} 22 JuiA] S ARStE AduiA] T2l AF
02 AN EVIet Aol 23E 7SS TIAIAL 9le] 9
A 2 ok e] SHel| A EAIZE A 4 glen, avle] &
AR 7PAE Z3AA SHANAME vl EA] ok AlgAl
o| A ARESl= FAuiA|S] 82 frakte] A Ak 4 9l
+ AEFSAE o] &3t w2 24lS A Fel 83k
Ao A7|E = FARS HAask 4 s g We] €
T et MiF e Eedo] FF o F of 2% A =S WE
7Fest B2 T8kl Qlo] BRO| A AAlel| H-8-5 u}
om, oju] ZAA|A He]El frakre] AR W A Ay
A B4 vlae)| wiFsge] AREETH 11, 17]. whetA] wiS
o o83t wteE| Ale] A 71eAS HEs] Bl
Aol A 78t wiF=2] RS A 5, w5 A
o} Y3t kol E5 Hrlsle] MMz Bastar, A4Ee
(7,000xg, 20 min)3te] W FFS 339, WFF
autoclaveZ H#ale] KK3 752] wieke ¢85t wix|Z AR
slglet. Fas viS52 MRS Wil KK3 #5%5 1% A
Ftel 30°CellA 24413 whekgE B, AR (7,000xg, 30
min)dte] AN 3|pdlal W zEste] WA M B3t
sttt WEAdxste] A& ubd | 24l 1 g8 30 mL
nutrient Wi R]ol] A7FEF 3 A ATF St aureussS 1% JZ3}
o] 30°Col|A wieksbHA F-de= RS SAs, 31
Feyst Algle] ks 1= e JJeplek(Fig. 3). Wi
F2 °]83t 737l vls] MRS WjAE o]83le] Akt =
whe|E] e4le] A2 AAFS =31 9le], MRS uiA|of|A] KA
= zatejg| eAle] Arbel wiR] AA S F3=7F =4 e
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Fig. 3. Growth inhibition of St. aureus by the crude bacterio-
cins produced from L. plantarum KK3 cultured in MRS broth
and Chinese cabbage juice. The growth of St. aureus was moni-
tored in nutrient broth supplemented with the crude bacteriocin.
Crude bacteriocins were prepared from the cell-free supernatants
of L. plantarum KK3 cultured in MRS broth (O) and Chinese cab-
bage juice (V). The growth of St. aureus in nutrient broth without
crude bacteriocin was also monitored as the control (@). Absor-
bance was the mean value of three replicates.
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TAES] #AS] diAte] Ha slek AF7HA] ekt fAE
o el rbeE] eAle] digt A7t S @]el A A=
A9k, iAoz AakEle] AlFAH7ER ARSEA gl A
2 Lactococcus lactis 2] nisinel] 3132 [5], -2yt
of| A= nisin®] A7P7F 7FEA =W 250 mg/kg ]3] F
2 F4EI JHAFAETA). wEk kst fAA
o] mrelg]eale] AFol AH4=7] aMe M2 1)
HEeAle] a9 B4 7T ohd el Al FAR ol A9
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