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Bacteriocin-producing lactic acid bacterium having antagonistic activity against Bacillus cereus, was
isolated from Kimchi. The selected strain was identified as Lactococcus lactis by the Bergey’s manual
and 16S rDNA analysis, and named as L. lactis ET45. The bacteriocin was stable in the pH range
3.0-11.0. The bacteriocin was active over a wide temperature range from 40°C to 121°C. Optimal
culture condition for producing bacteriocin was obtained by growing the cells on MRS medium at pH
7.5 and 30°C for 18 h. Antibacterial activity of the bacteriocin was completely disappeared by
proteinase K, and this means that bacteriocin is a proteinous substance. The molecular weight of
bacteriocin was estimated to be about 4.5 kDa by tricine sodium dodecyl sulfate polyacryamide gel

electrophoresis (TSDS-PAGE).
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olefgh vt 2] @413 Hdste] At vhe|E] @419 B,
AEA, 28 71, 72 AR 229 3 g e
WS &3 A ad A, i AL e s 22
olAe] &8 Hagt AFEe] N&FHOE o]fojx|1L
(7, 29).

AF7HA] HER vHEE Al FolA] AFREAZA A
Aoz A83l=a 9= P24 Mattick and Hirsch
(24)7} Lactococcus lactis subsp. lactis T4 W3} nisin
olt}. Nisine 24 F7do] glaL, iAol &stasdl ¢
3l A ZalElar, A2lF pH ®9] wolx s, =4 A
A Aol oJaf gk EAglo]l AFEATE, E3F W= FDA
(food and drug administration) Z%-E] GRAS (generally reco-
gnized as safe)Z AFEH| dA| < 507)=olA 7FH=, I
d B ookEEd, HaEf AE SR E ool AFEEA
22X AREE I YRS, 9, 10, 13, 32).
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7HA] BAEE EIsled HEAA THE ATEEAFOITH?,
19). o] AX= S9N T AE doAge] st
AAF o2 LAEEE AFOZA, o]g HX| Felle fAk
o] o] =] UTh34).

E AFoe AedaaEe] AXZHE AF ¥
Z9] 321 Bacillus cereus®l| 3t St =
TS #2 2 Fgst¥en, B2l Lactococcus lactis
ET457} Aikehe whe2] 4ls Fat AAlste] Aspaelel <F
A4 a8l BAES AR

M= H

0%
I3

E ATl A8d g ER AT 7S 2 A

ToERE FEaon, daegde S AR
H 7eAdTE vAEAY AlE(Korean Collection  for
Type Cultures, KCTO)olA £ 2 XFTTE ARSI
o} 2k a9 A]E MRS Broth (Difco, USA)$} Ao
Hj %2 Nutrient Broth (NB, Difco)E ©]-83}c] nljfsliTh

HiH|Z| 241 i il 22|

& AAANEE DAZ S E 3|45t MRS LAlR|ol| =
T3lth 30°CellA] 48A17F B Ykate] At colony FollA] B
& 3271wt dolgt dFE JoFoF MYs T MRS
HA A AA] 30°CollA] 48A17F FF Bl Wi T
A5 Y41E](15,000 rpm, 25 min, 4°C) 2 membrane filter
(0.2 um, Dismic, Advantec) 24 3} Hisle], A5AS 3
819tk 25 ml NB soft agar (0.8%, w/v)oll 774 o=
(B. cereus KCTC 3624, 1x10° CFU/mD)E o] &3sle] 11
AiA] Zdellx] AsigE B3-S ZARIATE A sk
e g5 st Bl el A ARtk

utea|oAl ZE U B &l

HEETE] BHEE| Al AAF oJF-= well diffusion assay
WS ARgsle] shdslgThls, 31). AE fAS 1847
o]’d MRS HjA|o|A] et ol YAEE](15,000 rpm, 25
min, 4°C) % membrane filter (0.2 pm, Dismic, Advantec)Z
o3} st FAS 3)Ek3Ath 100 m19] NB soft agar
0.8%, wiv)oll 254 T3HB. cereus KCTC 3624, 1x10°
CFUmDE #olA 331tk 3 wiA&d-E 25 ml¥
EFsle] 98] 22 3, ArE tipS ol838ked 7% 5 mm

Lactococcus lactis ET45 §-2) dg|g]ele] EA 75

o] TS Wi, Y 759 45 100 WwE FETSAch
4°CollA 2-3A1ZF A= WREte o] SbsA g & 7
T o AS HA 2xoA] 18AIRT ot et A3
3 AAARE ERIEIGITE AEhe AskE 5] v
ZoA A Fole S-S proteinase K (20 mg/ml)E 3]
gale] gelsldnt BHElE Al 971 = AU (activity unit) 2
FAISA NS wAH oz 2u)y s|M5te] A3 &4
2] 95 Hslay, o] el 1 mlol g

AU/mlE YER{{TE

TS HS

£

e

HiE2|24 it FF S

vl Al A 7] 542 Bergey’s Manual of
Determinative Bacteriology2] ®Wiiol| we} Jejetz], Aslst
2 545 2ARINTH12). 4 A5 2% O 94, &5
A, catalase test, CO, A 55 IS FHEHoz
16S tRNA genes F3F3le #e TF5 G5k
Genomic DNA= Walter ‘5] *%(33)0l] w2} &2jst5i o,
primersZ+% 27F primer (AGAGTTTGATCMTGGCTCAG)
2} 1492R primer (TACGGYTACCTTGTT ACGACTT)E A}
£33, PCR Z7L initial denaturation 5%, 183l 94°C
olA] 45%7F denaturation, 55°Cell4] 6037t annealing 2
72°ColA 60%3t extension?] cycle2 353] 3}tk 16S
RNA 714G RIS SAEF)AL of=jete] FRlatch
.

Zehdd 39 M=

B2 dF L lactis ET457} AAksks vhee] e A1e 234
Ast7] $15ke] 200 m1e] MRS HAERA] oA 30°CellA] 124]
7 A Hjeks & MRS HlA] 2 Lol 1% (viv)E AE3s
30°CollA 24713 2 HiFS S wigdS A2
(15,000 rpm, 30 min, 4°C) % 0.2 um SH2E o]&3}o] A
#3ank Addt JedH A oE SulE 1:39 ¥lE
2 Este] -80°ColA 103t WAIFE - daEe] 3 et
TFetk 549 ARE T2 1xsko -70°CellA Byst
WA e 32F SRl Sallste] 5 AP AR AR

Es

Hiej2|2410] £E4 =il

Be|d5F L lactis ET457} Aaksle vh|g]eale] 54
Rl17] 9J8te] pH, &, 7180, 7Esl aaAy 28t
A FEAS EIskAAck

pHO th FAA: pHell tig Hele] 4l Hds =
A7 €8k pH 3.0 (0.1 M citrate buffer), pH 5.0 (0.1 M
acetate buffer), pH 7.0 (0.1 M phosphate buffer), pH 9.0
(0.1 M borate buffer) 2 pH 11.0 (0.1 M carbonate buffer)
o] -8} gHE A S 1019 HEE &7
sho] Z2(25°C)llA 2421 WA 3F § AESHE vhEl2] 4]
o] s 3788tk

doll g ¢ABA: Boll gk HPe] Ak Alxd Bt
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Bl2) 24l 848 40°C, 60°C, 80°C, 100°C % 121°CellA 2}
7} 308 B 603 GA Y 3 & AESh HElg ] &
T2dE S8 ATh

Fr718wel] i QHZAg: fr718ufol gk kA AP
chloroform, isopropanol, hexane, ethanol, acetone %
acetonitrile 5= A|ZE 24 41} 22 HI] HlE=
3t 32(25°C) oA 1Ak BA|gE &, FEShk= vt
gl2leAle] daddS SHFeEA o] #7188l uig
elg] e le] HF8AEES AT

2 TRl g 9% 242 bufferol] = 3
% % 2 mg/mlE %= trypsin (13,500 U/mg, 50 mM
Tris-HCl, pH 7.5), protease (1.0 U/mg, 50 mM Tris-HCl,
pH 7.5), o-chymotrypsin (83.9 U/mg, 50 mM Tris-HCI, pH
8.0), pepsin (800-2500 U/mg, 10 mM citrate, pH 6.0), o
-amylase (519 U/mg, 0.1 M sodium phosphate, pH 7.0),
subtilisin A (12 U/mg, 50 mM Tris-HCI, pH 7.5)°] 183
proteinase K (30 U/mg, 0.01 M Tris-HCI, pH 7.9, 0.005 M
EDTA, 0.5% SDS)E HjF3-5 3} 37°CollA] 3213t whg- A]
7 o 80°CollA 283t 7Hdste] a4E 8493t AZith
212831, proteinase K= 45°CollA 12417 ¥RE-A1Z T} BlHe|g]
221 8298 B. cereus KCTC 362491 thgh Asfighe] A4
T2 RISt S FUS oA FANATRS A 514
AL U272 ARSI

§2
flo

3

2T L. lactis ET457} AXksl= vhe|g) 9 Ale] 344

00k
T}
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Leu. mesenteroides KCTC 3100, Leu. carnosum KCTC
3525, Leu. lactis KCTC 3528, L. plantarum KCTC 3099, L.
plantarum KCTC 3104, L. confusus KCTC 3499, L.
parabuchneri KCTC 3503, L. viridescens KCTC 3504, P.
dextrinicus KCTC 3506, P. pentosaceus KCTC 3507, E.
faecium KCTC 3095, L. monocytogenes KCTC 3444, B.
cereus KCTC 1013, B. cereus KCTC 1014, B. cereus
KCTC 3624, S. aureus 209 KCTC 1916, S. aureus R209
KCTC 1928, S. typhimurium KCTC 1926, E. coli KCTC
1924, E. coli KCTC 2191 ¥ C. albicans KCTC 1940 &
o telel FreEe BANAY. 7 ANFF HH A%
S50l A 24A13F o] et Ao HA oRE &}l

Stk

HiQEEZ10| HiE|2| 241 AMof| O|X|= ek

g 2x9] J3k EldFo| A8 (growth) @} v R =7}
dheglAle] Aibe) viX= FERS golry] 93 A wjd=
BEYdFE MRS dAEIA] 1.0% (v/v) FESkL 25°C,
30°C, B 37°C9] & ujgrIelA 48117 Bt w st A
GAGgt AIRE AR ik ATAE 3lgate] el &
47 FHE(O0D 600)E At o] A5 43 Ho 3
TEES Yelle WY 225 ZAAck

Z7] W pHO| 9% WiAe] 27] pH7} T A
3 e Al Akl mXle dEs dokRy] 98 1 N
HCI®} 1 M NaOHZ pH 3.5, 4.5, 5.5, 6.5, 7.5, 8.5 ¥ pH
9.50% Bk MRS ARl H wjgFs EEHEFE 1.0%
(v/v) BESAL HE8kL 30°ColA 24413F vl g F- ufj gy
O ZHE Feds Fgstd v el E43% FFE0D
600)5 SAsto] o] =43 Hd FHEds veils
Hiz1¢] pHE ZAsIATh

Tricine—SDS—-PAGEO]| oI$t SFEZlo| BXIE 1
FaERe] EAEFE S At oMlE M=
2 A WEE Al AlEE ARESY tricine-SDS-PAGE
2 AANEATH28). Gel FEE 165% 2 AHSSIGa, EFE
}F E2o7 BIO-RADAF] precision plus protein dual
xtra standards markerE ARSI T FE GAS AEE
tricine-SDS-PAGE sample buffer9} 1:19] H&E2 &35}
B BA 387 714Eete WrI9ssiatk dr1ds 4%
SNOZ anode buffer (0.2 M Tris, pH 8.9)¢} cathode
buffer (0.1 M Tris, 0.1 M tricine, 0.1% SDS, pH 8.25)% A}
L3139tk A7|9F o] E gel2 Coomassie brilliant blue
R-25002 AAE 3193, thE gel2 50% methanol ™} 10%
acetic acidol|A] 3087t TAA|F a1, DHSFE 4A)7F B¢ A
23t g ©] gelS plate ol FHoZ AR 1 &
Z)XTHB. cereus, 1.0x10° CFU/ml)°] Z3E NB soft agar
(0.8%) 10 ml& F53 U5 30°ColA 339k St wigst

F, Aol tsf AAgko] F/d5= bandet HAE gel 4

N

Table 1. Morphological and biochemical characteristics of
strain ET45 from Kimchi

Characteristics Strain Lactococcus lactis
ET45 subsp. lactis

Gram stain/Shape + /C +/C
Spores > -
Motility - -
Growth in air + +
Growth anaerobically + +
Catalase - -
Oxidase - -
Glucose (acid) + +
O/F° test F F
Growth at 40°C + +
Growth with 4% NaCl + +
Arginine hydrolysis D’ +
Carbohydrates, acid from

Lactose + +

Mannitol w*° -

Raffinose D -

? C, Coccus

b Negative, -; positive, +

¢ O/F, Oxidation / Fermentation

d D, Different reactions in different strain
¢ W, Weak reaction
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A= ’\]Ei’?—ﬂ eIkl 52l wet Aolgh 200+
9] FAHTS £ 31590, well diffusion methodS ©]-83}
o] B. cereus KCTC 36249 w3l +34S =335tk B.
cereus®] A5 Ao 7Y 973 dFE HTHoR A
g3le] ET45%2 Wysiay 2 Ay A8tk Bergey’s
Manual of Determinative Bacteriology2] Wl we} L. lactis
EZ,:;LZFQ], /@5].6_}7(4 _E./HQ. H]J‘]I_. Hz\-ls]. ﬁjl]_ mannitoliq-
raffinose ©]-§ &% 2 arginine hydrolysis ||t tFE-2
FEaTet Y 5495 vehS ERIsAtHTable 1).
FZ S 2, NCBI¥] BLAST program= ]85l ET459] 16S
RNA @71X Qo) tigh 45738 43 A7, 99% 9] A=
2 Lactococcus lactis subsp. lactisZ F3% ATk

gig|2|A19] Oolststd EM
BETF L lactis ET457} ALkl gad] E49 o
Ay gRE RIS fsle] S0 ZHs di AR ELs

Table 2. Stability of bacteriocin against various treatments

Treatment Residual activity unit (AU/ml)
Control 160
Heat treatment

40°C, 30 min 160
40°C, 60 min 160
60°C, 30 min 160
60°C, 60 min 160
80°C, 30 min 160
80°C, 60 min 160
100°C, 30 min 160
100°C, 60 min 160
121°C, 30 min 160
121°C, 60 min 160
Solvents®
Hexane 160
Chloroform 160
Acetonitrile 160
Ethanol 160
Acetone 160
Isopropanol 160
pH’

160

160

80

80
11 80

* Final concentration of solvent was 50% (v/v)
® No pH treatment; 160 AU/ml, Bacteriocin samples were treated with
buffers at each pH, 25°C for 24 h.

Lactococcus lactis ET45 52 dtgjg]| oAl E4 77

2 mg/mle] F=7} HEE HUlstd WRSAIZ] & FEEAAS
=743 A3}, proteinase K, trypsin, chymotrypsin,
subtilisin Aol 9J|ME FrEigo] AHEHCH, pepsin,
SHrEA]o] AR A ot

iAo AL iz Ao]

protease, o-amylaseoll 2|s)A =
(Table 2). Ut HLEﬂE] LAl LR

7] o] el Fafaiol s ==t ET457F ALt
3= vbe) 2] 2418 pepsin, proteaseol] THalA] <HEEH AL
e 28]3 a-amylase™= 4300 3] e 2] &
© ZoF Hol gslE Fito] vl 4 ol §
A 3= B33 Aoz AZET Lactococcus sp. 1-105
7} Aitske BHElR] 2419 73-9-ll= peptide w3l E 4 ZF pepsin
o ofajrnt o] ARtk 9 0m(18), L lactis
WNC 20°] Aikst= ¥HH|2] 2412 papain, pepsin, trypsin,
lipase, a-amylase®l| Jsl|A= F&ido] PFs B Xt
proteinase K, a-chymotrypsin®ll 234 &r&/do] ~AHTH
I 3FFTH26). B3 L. lactis NK347}1 AAkes uleg] 049
A% BlwF peptide w3 aiol BlwF oHYsHIch

pHell thigh P84 AR5 A7) St F3iE A 3
TEE g 48NS Jlete pHE 24T F IS8
% —f— g5t 29, ®eE 757 Adeke el eAle pH

0ol A ojmgt &4de] A4 flo] gt 1wl H
H°ﬂ"1t Azt o] Fashkes Ads vERiIoY o 24
o] A LAHA= RTKTable 3).

Choi 5(5)°] B3¢t L. Lactis YH-107} A3%bsh= v
2219] 79 pH 2.0-11.0714] Y& HYAM= HA3sttar B
13Tk WHA L lactis WNC 207} AAksh= dheg] 9219
7% pH 2.0-7.07HA= ¢FE39.21} pH 8.0-10.0001A41= 1|
2ol Fdo] ERPstar Bard nt 2lvk26). webd, & A
o|X At wlg|E|eAle & AFAlE o3 Rig v
A= Bls) HlwA pH o] 73 2o = Yepsith

gurA oz ZF frako] Aikshe vhElgele] E Qb
de . FRA wEt Aeld AeE gEiA e
Noonpakdee 5] B3} L. lactis WNC 20 &7} ksl

Table 3. Effect of various enzyme treatments on the
bacteriocin activity of the bacteriocin partially purified from
L. lactis ET45

Treatment

Residual bacteriocin activity
Control® +

Proteinase K -
Trypsin -
Chymotrypsin -
Pepsin

a-Amylase
Subtilisin A -
Protease +

* Non enzyme treated sample

B. cereus KCTC 3624 was used as an indicator.

Degree of clear zone by growth inhibition; +, positive; -, negative
Culture supernatant was mixed with enzyme solutions at a final
concentration of 2 mg/ml.
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uhEE] 419 B9, 121°C, 158 @ A Aoz 1 ey
o] ePAstRT B E O K26), L. Lactis YH-107} A3AF
she hE|El A9 A9 100°C, 6027 & ATl oF 50% 9
FEAAS JERIT L BEtgIrks). 7 Aol gt L
lactis ET457} AJ2keh= whee] 2418 40°C-121°CollM & A
PAlE w9 oFgElaTKTable 3). 22l vheglAle] 7
25 X9 22 AETH 54E ¢ fEiMe FUHE
Aol Had Ao= AztdTh

F718mfoll o3k <oFPAe] A% hexane, chloroform,
acetone, acetonitrile, isopropanol, ethanolS % F= 50%
(vvE A 75 Aol Hel) gle AeZ Hol f
7] &ufell wl-g- PgRkS &Rl & 4 UATKTable 3).

ok

THHelEtel

2T L lactis ET457} Akshe vhe|g] e419] gt
S Lobiy] S8l AFfd HaAT B o xE=dF
L. mesenteroides KCTC 3100, L. carnosum KCTC 3525, L.
lactis KCTC 3528, L. plantarum KCTC 3099, L. plantarum
KCTC 3104, L. confusus KCTC 3499, L. parabuchneri
KCTC 3503, L. viridescens KCTC 3504, P. dextrinicus
KCTC 3506, P. pentosaceus KCTC 3507, E. faecium KCTC
3095, L. monocytogenes KCTC 3444, B. cereus KCTC
1013, B. cereus KCTC 1014, B. cereus KCTC 3624, S.
aureus 209 KCTC 1916, S. aureus R209 KCTC 1928, S.
typhimurium KCTC 1926, E. coli KCTC 1924, E. coli
KCTC 2191 ¥ C. albicans KCTC 1940 5 % 21719 %%
TF5 o838t 3t B4 SRIg 23k Table 49F 22o] L.
monocytogenes KCTC 3444, S. aureus 209 KCTC 1916, S.
aureus R209 KCTC 1928, S. typhimurium KCTC 1926, E.
coli KCTC 1924, E. coli KCTC 2191 ¥ C. albicans KCTC
1940 AlQJgt Tkt mlAEol gt gEAdS eIt
53] waAFe F8 AFRelTeE ¢#lFl B. cereusol o
X et At BAES UEhd o w5 AFAIE A
HEFEREAEA S S8IsAEE 7S 5 JS Zlelth

HH=Z10]| HiE2|241 it O|X|= Het

B 259 g8 EE7F L. lactis ET459] A8 2 v}
HZ Al Aol gt A vt =s 2837 Hste,
ok 52 25°C, 30°C, 37°CE 3} 48417k ek njokalgirh
1 AFE Fig. 19 YERIATE 25°C, 30°CollA vkt
welli= 18A13F o] FHE o] Yeh)r] AlRFEte] 484
F 7R GRS BAES FASHATE 37°ColX= 12417
B ggAo] Yehr] Alztste] 49417 wi7hR] dAgh 24
S FASAAT, 25°C, 30°ColM 2] HHE g oAl HUlgrte
°F 50% TF= YERIATH

Moonchai 5(25)°¢] B3t L. lactis C7 d57} AAksl=
uhEE] 4le] B¢ 22°C7F HH =Rl Aew veht vl
7 vke 2noA vl el HoEds JEMItaL B
3193, L lactis YH-100] A2kshe vlggl921e] Qo=

Table 4. Antibacterial spectrum of bacteriocin produced by
L. lactis ET45

Antimicrobial
activity

Leuconostoc mesenteroides KCTC 3100 +

Strains

Leuconostoc carnosum KCTC 3525
Leuconostoc lactis KCTC 3528
Lactobacillus plantarum KCTC 3099
Lactobacillus plantarum KCTC 3104
Lactobacillus confusus KCTC 3499
Lactobacillus parabuchneri KCTC 3503
Lactobacillus viridescens KCTC 3504
Pediococcus acidilactici KCTC 3101
Pediococcus dextrinicus KCTC 3506
Pediococcus pentosaceus KCTC 3507
Enterococcus faecium KCTC 3095
Listeria monocytogenes KCTC 3444
Bacillus cereus KCTC 1013

Bacillus cereus KCTC 1014

Bacillus cereus KCTC 3624
Staphylococcus aureus 209 KCTC 1916 -
Staphylococcus aureus R209 KCTC 1928 -
Salmonella typhimurium KCTC 1926 -
Escherichia coli KCTC 1924 -
Escherichia coli KCTC 2191 -
Candida albicans KCTC 1940 -

Degree of clear zone by growth inhibition: +, positive; -, negative

+ o+ + + + o+ o+

ot o+ o+

+ + +

25°ColA 7F H& 498 Yeplrkal Bashdrks). o
2 Ao} vlws) 2 o vlelgale) TR0l wel HF wj
257} Aolstdtt. olgA Zol7t Y= olfe HiEz] 2419
A AR 2 72 5 e 549 dar] g
Aoz 4HA AUTH23).

¢

o

7| WY pHe| HE

ETF L lactis ET459] A5 2 212|241 Aakel] of
3 HZ o] 27] pHE ARSI 9)3ted, MRSE 7|Eujx|=
st HjA|e] =7] pHE 212} pH 3.5-9.52 Z43s}al, 30°Ce
A 24A17r R wjekEtah #Ae S48 pH 9.5904 7
E9kon TS0 = pH 8.5, 7.5 F Vet vl
o] &4 pH 7594 7 & 84S YEMIItHFig. 2).
w2bA L lactis ET459] w2 2419) Hof &4 MRS &
AHiA] Z7] pH 7.508 ZA3}] 30°Col|A] 18-24 4|7t vk
ke B¢ Ui Aoz Elssich

Parante 5(27)°] ®.113} L. lactis 14O0NWC 57} A4ks}
£ dhEgeale] Aol pH 55904 Ho &AL 7Rt
Huste] B A3 d5oe thh Aol Ank Ezh L
lactis A1647} A2¥sk= BH|2] @412 pH 6.0 7 =&
o] Yelgtiarl s199314), Lactococcus sp. J-1050] 244k
aFe whEE] 24 BA3S pH 8.0 H-2olA 71 Egktin B
SIATh(18). oo} Zo] WH|g|eAls Aikehe dFES HA
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Fig. 1. Cell growth and bacteriocin production of L. lactis
ET45 at different temperatures. One milliliter of culture was
sampled at 6 h interval. Optical density at 600 nm was
measured and the rest was centrifuged to recover supernatant
from cell culture. The symbols: # cell growth; - bacteriocin
activity unit (AU/ml); -~ final pH. The temperatures: (A)
25°C, (B) 30°C, (C) 37°C.
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Fig. 2. Effects of pH on cell growth and bacteriocin
production of L. lactis. One milliliter of culture was
sampled. Optical density at 600 nm was measured and the
rest was centrifuged to recover supernatant from cell culture.
The symbols: - cell growth; - inhibition activity: =
bacteriocin activity unit (AU/ml).
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Fig. 3. Tricine-SDS-PAGE and detection of antibacterial
activity of the partially purified bacteriocin from L. lactis
ET45. (A) Coomassie blue stained tricine-SDS-PAGE gel.
MA, The size marker (precision plus protein dual xtra
standards marker, BIO-RAD #161-0377); Lanes: 1, Nisin
(Sigma #N5764); 2, purified bacteriocin (B) Gel overlaid
with 0.8% NB agar containing indicator organism, 1% of B.
cereus KCTC 3624. Lanes: 1, Nisin; 2, purified bacteriocin.
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