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HIHIZIQAIO EMMTL Lactococcus sp.

1M E

1925\ Gratia7} Escherichia colig €] v £ 9]
AL ARt Fy A (colicn) S wAF (Davis
51990) F5E vt ee Y F4e 1xH
o] F@e WA 318E 3 (bacteriocin) E o]
Byso] $ton] (Tagg$s.1976) o] ute|gAE
2 }FEA YAEFF AR AT ERHHe=
23% 2o AP F2 d3F HIE Ul
o FAEITN FAE 545 VA Aok

Taggs (1976)-& 2P FAd ute 2olrt AAteh=
oA L Fog F e 6719 7S At
st et 6709 AoE TR uHAYE vHE L
AL A9 glon o9 el eqle] |WE go}
Konisky(1982) & utelgled s Folg Aq=sle] vt
Ha ool ‘duA= so} glon] 15S A
e NAES AMHATA ¥ ATz AEANY
on, Tagg(l9D+ $1 A2E& 71 82L& vl
2 A $A}E A (Bacteriocin-like  inhibitory substances)
2 Az skt

heg oA e Ui F2 ¥ HAE Az
A R HEH A9 Ffe v FE

3 FaPedE AT o] $-7A % (champagne
= 1990: Suzuki 5, 1991), SAZ (Stiless}
Hastings, 1991: Lewus %, 1991), AlgA&
(Lindgrens} Dobrogosz, 1990), =% (Enkner, 1992)
5 od7kA A EY Atse] AZA Fdd AHEE
4 9lo.n listeria(Parenres} Hill, 1992: Nielsen %,
1990: Winkowski %, 1993), fungi(Piard<}
Desmazeaud, 1992: SuzuKi %, 1991) 2 ulga]e}
¥ HSoott9} Taylor, 1981a; Scotte} Taylor, 1981b),
224 ¢ (Champagne %, 1990), W94 (Lewus
%, 1991: Spelhaug$} Harlander, 1989), H=jo| Q&
(Champagne %, 1990: Stiles®} Hastings, 1991)<)
Aol A}2-Es= Qdrh

A2 kA HFA tig 2R &7 A

HY449J} MAkGl= BIHIZIAI0 (Hot0d

SIZ0IR2E K@ I
2 a
33 AQ AHolw WA Z|HELE et
Yz Jdrt. 34 72X S o] RE &7 L
7] A g3 ALRTLeE H4dF AU
a3y GUYEde aeste X 274e 43
Al A E A$ol ALY WAdFQA Listeria
monocytogenes7t AP L ZA o] HWNoR =
A Ee AL B2AY 4 QA HAZ dE W
ol BasA =tk gHAe AIAHY &
Waoly] mio] A Fo] QUM HA dXesh
AL f5o= AdPHE FEE £ de Ul
& 3tk ol g B2t ARREHE HEHELA F
oA} nisine FHAE FF HHE Jehly FF
o] 7ale] A AZFIA ofjn] 22 HEEH oA
A& o] ALgo] 3gHo] gtooi(Hurst 1981), v
JdMx 19883 ®¥ FDA7} GRAS(generally
recognized as safe)2]EF H7MEE AdF A HA
t}.(Kones} Fung, 1992)

2. BiH2|2AI0 HH
yteg gl oA1e] B3y 2ES A4kdle v zlof
9 H(EE )9 o8 WEE o] Yutxoly
A4 gele 280 £3 259 9AS AHE
3}71% $tth (Kones}t Fung, 1992)
dEEH
Lactococcus Iactis7} A Av3t= Nisin
E. cooli 7} A2yl oolicin
Enterococci 7} A AV enterocin
Pediococcus acidilactici 7F A4 8k
pediocin A
Pediococcus pentosaceus 7F A 4bst=
pediocin AcH
Lactobacillus sake 7} A48l sakacin
Lactobacillus casei 7} A 3=
caseicingo] 1t

3. BHHIZI2A MAHH HatE F= R0
(Kim, 1994)
fAbael o g vtelEjeAe] ke Aulz] ¢
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A z] BFA 7Hestch ZAvA = ALY
< M3 71 AR BAG HF AdzA
g @gsled dojM Ao LrE o] YA
2 Aokt d7)|M & Lactococcus 9] Fit
vj=]el M17 4Aujx]E 7]Fo= v z2]e4l A
Abol) vlAle P ARt thdte] 4 Htoh
©® vix|e| =4

dutzo g YA A fFAATF FHo &
A2 vAe R JE-E glucoses} yeast extract
olt}, & glucosed} yeast extract®] HE7l &+
=2 fAFY FAe s Ak v e A
Abol) 44 & 4EE FE wiA AEE o] FrHA
olxgt W gHogE AolF uelAA yeast
extracte FX7F W& Zf-ol uHE| o] A4
o] ¢ BolAle AL o 449 Ax IF &
4 AAch
® HHX|e] pH

2-2lo] AHAFA <9stA vH N HAH
AL A% pHe $4 39S ¢ & AUtk
® Growth phase

vtelg] 2 Ae] ik thF2]7] FutelA} Alz}
sl A7l 27A A" 2 2 o)lF &
ute)2) 241 A4rE9] proteaset}t WA E E& pH
5ol 2o 238 Fide 43E Jehirxz
3ot
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Fig. 1. Bacteriocin production by Lactococcus sp. HY 449
in different culture media.
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Fig. 2. Growth and bacteriocin production by Lactococcus sp.
HY 449 in M17G broth. Symbols, —e—: Optical density
at 600nm, —m—: pH, —a— bacteriocin activity(BU/ml)
determined by the microwell dilution method.

4, BIHIZIRAI0| ZJAHEH (Spooner 9 sykes, 1972)
@ Agar diffusion techniques

Agar platedl] 1@} o]l A A9 FHE
THEo] vtEE)loAS AAY Ao oisHs v
AE = 7 g cel free supematantE YA
F Fo3}9 agar mediag 3t diffusionA] A
indicator lawnoll th3F JAARE HY = whgo.
2 ol FHujdl H#E paper diskE AHRE F
E qth old, AAFF, T 29 cell free
supernatant®] £o A]7]o] we} deferred method
9} simultaneous method 2 8-3tt},

@ Deferred method

ARFFE AH ALE3e 7ol vrelg 4l
Aazl N X ezl Burt digeFas] Fto]
FRE dojdrh gepy HdES viE JFEH
P27} vigFstezy AL vrhlE oo wjA]
o 2357 #F ofs)o} XA F(indicator strain)-&
HAEE (F10cfu/m) 2 34§ soft agar 2-3ml-&
o]Z&3te AAIF HAH wigRANAM 24-484]
g F A S A7F FAEZ YIF
2& 3384 ok

i fs g AAEFY FAPHA JA9 A
< AA3AT)) A3l FREZXE NLE )&
ste] AARE AMEAIE d it Cel

pH



free supematant& F3lsle] A&7z @k cel
free supernatant& AHg-3he A f-dle FHd £
® cell free supematant7} $+A3) diffusiong 5 U
52 32y WAae] BAg Fof JAlFe] 34
9 soft agarg °]F5 % %o}

® Simultaneous method

o] whyle e E]leAlel AL FF 9 AAFES
Y3 3 wiAA FUF Ao wgFdch
A Al ZAA] ] EHol spreadAr] 7|8 o]
welgl e AAFE FA (spot) 3ok Deferred
methoddl| A 2} vlz7}x &2 cell free supermnatant&
o] &3l WHE AUTh

o, AT REEL] g2 A9 Aikevt &
H]7} growth cycle®] F7]oA Yehtes Hsde
o] whe] Algo] E7hs3ith

Fig. 3. Inhibition zone of cell-free superna tant of Lacfococcus sp. HY 449
against Lactobacillus fermentum 1FO 3023 on agar plate.

(A) Supernatant, (B)pH adjusted to 7.0, (C)Catalase treated,
(D) Protease IV treated.

© Flip streak method(flip spot method)

(Spelhaug®} Harlander, 1989)

ok 18417} A wid3 Al FE agar plated) 1
loop streaking3te] 24A]7F wj et wjete] SkEH
% "R E plated] FZo 23 1 loope A&
T A= AP $3 22 streakingdlty] F7}
gact ol JAEGFS AgFI FY7 clear
zones] A2 FAH Y

Agar diffusion assayol| M= AataFo} A AlF9]
Bl FEA (iR 2 wgzA), A8 &, AFEY A
AgA e ulzl dgte WH-S Mg AMEEE
o] npgha sl

@ Liquid media

Agar diffusion methodol] ®]3}e] Aukziel ubwy
2 olx|gt ¥go] woz =2 ANE AL F
Re B A8 9 A7 43 VR =g
At R AlFe) ghElEl 2400 digt o] wie-
22 A9 f&3ith o] Wy wH A At
9 cell free supernatant& 9o Fsted @A 3] A
@& &, {7149 dE8g HAslA7]7] Aty F
3tAZ] & ARl o] Yyt olth

@ Microdilution well method(Kim, 1994)

Toba $(1991) 2] Why& W3 Ao Z 96 wel
microdilution plateZ A}&3te] 22343 AlgH
10040 ANFE o 10cfu/ml @7teted ARAIZ:
ujk3tE ELISA readerE AR23}e] 620nmel A o)
F3ZEE 238 A5d A 27 FFFE A
B3 iz 172014 FREVF Zaw HEE
A &332 FAH L

® Automated turbidometry method

(Diep S. 1994)

Automated turbidometer& A}-2-3}<] antimicrobial
activity & FAshe WMoz dHA Algd
(z79 ZAse 297 FFPF AT I4 Y
& T wiFSAA 12A1703 24A]70el A 9]
FREE AT vs FHEY xR BN F

A s AE At tizTe W HEy
A2&E At el 244 ¢ standard curveZ K-
B gE A 84S A

2 oo

N

© ATP-BioluminometryE 0| 235}= 4y

(Waites 2} Ogden, 1987)

AZU ATPS Fx9} Fr71d FFEFY 5=
Alojell = wividl e} #AZE Uuk HZe) ATP-
bioluminometry A ol A Lactobacillus $}
Pediococcus®] vl o] nising FH7}sbd A X
ATPO] o] F73] Fhdhe FAl ujxjife
2 ATP7 +&d°] w3zt =3 olzid 4
< nisin®] FE¢ BHFOLEA o] YT E o] &3}
& nisin®] A& AW AYUE assaydgel 3¢t

L pede g



5. BHiglalo] X

A iR 2 RE g2 A Aitste]
Aste Wy setol=e HA| vyt A

A olA wEHE AL gREE FAYEE
BujEleg Ao Az 4 wgdeztH
A QAEs AAYZ F o] wiF AT
(cell free supernatant, CFS)& ¥&A1A B3E &
ol Aoz AL, CFSE F&ste ¥yde
%%, salt precipitation((NH4) 9SOy, NaCl), acid
precipitation, organic solvent precipitation (acetone,
alooholf), B4 2 et whgo] Atk

oy w29 Agde Z2F3A de veE @
WAso] Ot FEHEE HHWPol Fol A
£89 aFgME FH0] 238 salte] Fxo
ulzg} 23o] 7}5§ ammonium sulfated Bol Ab
g8y gtelal edle ¥zl 271y B4 gt ¢
9)e s} solvent precipitationo] AFEH 7)1 % ghol

zaEy 919 AAGAT R ZE HAAEREE
FASAY nAEe] gAERE A SYAES
2% AAT 4 eng Ads azvtEady,
o2y ARnEIHY, 94 Z2vEaHT] B
F&AA AZrtEaY Fo] TdE R EAHI
ALgEh o1gA Y53 e LA S SDS-
electrophoresisg $3te] A=Al ¢=& HAdH
:31=2

o] wol & uwigtel pHE WZAAA deEl e
QAo AEd FAAPozA 7hEsAl A
e s Jdeoeyg EuHolxE gth (Tramer
¢} Fowler, 1964:Daviss-, 1990).

[ cell culture broth |

Adjust to pH 2.0
Centrifuge (10,000 x g,20min)

T
Cel
Add n-propanol{100m1l/1)
NaCl Saturation(300g/1)
]
Lower Layer
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Sodium citrate
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{
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Fig. 4. Flow process for purification of Bacteriocin
from Lactococcus sp. HY 449

Table 1, Punification of bacceriocin produced by Lactococcus sp. HY 449,

purfication Torl  Tol  Todl  Specific Yield Purificatiom

step wime poein  achity  actiy %) fod
(m)  (mg)  (BU)

Supernatant 1300 BH46 15960 61912 100 1

Acetone A 13% 2 8RR 738 134

precipiiate

lon exchange E I/ V/ - T/ R R 53 w07

chromatography

Gel fitration

chromatography 07 LI520m 69979 13 12

Reversed phase

chromatography 5 002 512000 25600000 3% 1135

6. BiHI2ZI2A! ATl &3

274 Mg vHeEled AEHE growth
indicator #& 2t 1 x 10 F=2 HZE3 MRS agar
By Rlo] FH F TeoAAM 24X Wi F
A go] HAHHE= Hu Hug d4E
AU(arbitrary unit) 2 7 2] ste] ALE-3h= Ro] 713t
gutxo g AREEH, Toba%(1991) 9] Wi E o
e g 2419 A4S 2 ASd AT A
"t} = 9% well microdilution plateE AMg-3le] 23
A% vy aleA Agd 100M ) growth
indicator & ¢ 1 x 10 E2 %3 MRS broth
200 HE Yol 37eddA 6417 wlgs & ELISA
reader(Titertek Multiskan, Labsystem, Finland) &
AHg3le] 620nmel Al 9] OD#E sk w2
A Ngd N HF SHTFE AR g o
232 3 g9 124 e FI3=: #
< JeEdEe Aduso] 2008 FF #*
bacteriocin unit(BU) 2 H A} §tch

7. BiHI2I2AI0| A} XISSIEN
1) gE2|2Al2] 7 spectrum

w2l 219 oAH Aol tidt B3 F Daveyst
Richardson(1981)-& St cremonis 36 @FZ HH
8223 diplococcine] St aemoris®} St lactisol] =
g F FFUAE JeE =7t 89, Mehta &
(1983)& Lb. acidophilus AC1e] AJ4Fst=  lactacin
F7} 28%4 2 2334 deole dial oA
g4e 7HAY FFol} A WS 7t 2
Ae] vtelgotel] s JAEHES sHATE B
sl71= 3lgt}. Lactacin FRoE & g7 ¥
= JeldAw Lactococcus sp. HY497F A Atet=
el 2] eA4le viwd FFEAsE FHAST ez
Azr= ik
Table 2. Inhibition spectrum of bacteriocin

produced by Lactococcus sp. HY449
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Microorganisms Inhibition

tested

Lactobacillus delbrueckii IFO 3202
Lactobacillus fermentum IFO 3023
Lactobacillus brevis IFO 3029
Lactobacillus jurguti IFO 3048
Lactobacillus helveticus IAM 1042
Lactobacillus plantarum ATCC 8014
Lactobacillus casei YIT 9018
Lactobacillus lactis subsp. lactis ML 3
Leuconostoc mesenteroides KFCC 11324
Streptococcus faecalis IFO 3971
Bacillus subtilis ATCC 6633
FEschenichia coli HB 101

Escherichia coli A2

Pseudomonas fluorescens
Pseudomonas aeruginosa ATCC 15442
Staphylococcus aureus

Staphylococcus epidermidis KFCC 35494
Salmonella typhimurium ATCC 14028
Listeria monocytogenes ATCC 15313
Listeria monocytogenes ATCC 35152
Klebsiella aerogenes

Hansenula anomala

+ o+ +

T T T S A

[ S |

2) pHol| CHEt obAld

DaeschelS (1990) o) X323+ Lb. plantarum C-11
o] AJArsl= plantaricin A¥ pH 4-65 Alole) F&
HeelM g #&A4 8 vER S, nising ASoE
pH 26149 &sAde] 57mg/mi} ¥iH PH 8-12¢]
ME 025mg/mle] e S84 B d#e] 9
Qoo BAAHAol Ky ul Aok (Liugt
Hansen, 1990).

Gross$t Morell(1971)2 pH7l & A%
hydroxide ions, deprotonated amines, deprotonated
hydroxy! groupz} 7-& nucleophilee] dehydro
residue®} WHg-3led B2 F& EAY cross-
linkage g ¥Adste] 3p3td WIS dexigy B2
Ut S = %

dehydro #717F &3l nisine] A= 9}
7o ukgo] doju} o FHe W AEo] A
AE3T nising} FFHE FHIA 2AHAE
Lius(1990) o] B3}k

Wl Lactobacillus casel 7} AAYsl= vlelE] 241
ol caseicin 80 (Rammelsberg®} Radler, 1990)¢] 7
o pH 3-99 WA= £48 A3
Lactobacillus carnis7} A3 4b8he= wtelg) &4 (Ahns}
Stiles, 1990) = pH 2-11¢} W& P 9lA kA3l

3 By = Schved% (1993)¢] Ped.
acidilactici SJ-1o141 A3 Ab3} pediocin SJ-1% pH3-9
7R AL 7HAY @2 pHelA H4 HAs
3 sty th

Lactococcus sp. HY 4497} A 4vsl= whelg] 24
= pH 3-9Atelo A <ty #Ao] 7o dA st
e FoME ol4e uElEl A FAME 54
£ v
3) Axjale H&

27 g2 v gy dAN S T/
o] ua} x}o]7t #A bulgaricand 120T 602 LA
gz Wist doew(Reddys ,1983)
bacteriocin S 50 (Kojic%E, 1991)3} plantaricin A
(Daeschel %, 1990)= 100¢olA z+zt 60%3 308
gz Ao st YdAdol A vEhd ¥
9, Kato 5(1993)0] Ent. faeciumo A AJ4+3t vtel
geae g BAA I A 58 A
A= BAdo] G&o] ANUAIR 108 Fole 50%
7}, 308 Fo= A BE Aol AEHE B
3k u} 913, helveticin V-1829(Voghan 3%-,1992) ¢}
lactacin F(Muriana$} Klaenhammer, 1991)= 50T
o] z}z} 2083} 308 ko) E-gA 3l o] o o}
Z uzs Aoz BRysRrr. £ Daveydt
Richardson (1981)¢] B.32% diplococcing 420 A
= B sl 100l 1827e] 932 75%
o] gAo) Ak
o} v m&w Lactococcus sp. HY 4497} 2343l

we] 2] 2412 4] pHelAM = 100T 0¥
Aol "Awrolio] fKAHo ALAAol wvimH
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Fig. 5. Effect of pH on the activity of bacteriocin produced
by Lactococcus sp. HY 449 and patially purified with
60 % saturated (NH,),SO,.
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Fig.6. Effect of heating temperature and time on the activity
of bacteriocin produced by Lactococcus sp. HY 449 strain.

4) 2|24l A7} AlJ|of mtE Het
Schved5(1987)-& Pediococcus acidilactici 7} A3
Al e 2N SJld) A3 A} &S
2719 S]1E& AHY3HE Wit AR 79 AAF
o] A23UE o #9 FAavt o & ez B
gt ol AL vl A FF
" 5Ao2M Lactoooccus sp. HY 4492) vlH|E] 2
A= AANE FF AF, 247 R A g &
e oA At AT E B ot &
Al BEF7 FF33A A2 Ho F 1042
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Fig. 7. Survival curves of Lactobacillus fermentum [FO3023
at different addition time of bacteriocin to growing
culture of MRS broth. —e— Untreated,

—a— [nitial addition, —a— After 2 hrs,
—v— After 4 hrs, —o— After 6 hrs,
—e— After 10 hrs

ool #&g FAA Rite FEZA AEE
€ d4<8 JYehiaith

oj9} e WAL FB:= HINME fAISIY
10A1ZF wig3 el eAS M2 A9 §3
= ¥dhe A @2 dz7e Ao dAHA
BH P oA %2 A9 gle Aoz RIAY
0,2 4 % 6AZ olF F AT F 9ol FF=7t
thd Faste FAEE Jehidch
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Fig. 8. Growth curves of Lactobacillus fermentum IFO 3023 at
different addition time of bacteriocin.
—eo— Untreated, —=— 0 hr addition,
—a— After 2 hrs, —v»— After 4 hrs,
—o— After 6 hrs, —e— After 10 hrs

5) =& HEY

R 2e) vrElgl A AAUA v Y22 outer
membrane(OM)ol]l Sl receptoro] ThE A EAE,
e dNAEF FFEL 2sle Agdsinzy
Axuto] o} Ad-E YA Ho o= Qs
A E A#jFe] 2= pH FYo] 7zch

2o Mz QAN EL nudease@ S JEN 7 E
3l diA v E9 AlXY v A} J3Fe F)
= gith o] 7S+ A Wd @Al
7193 AR-E 3t v E & receptor
o] F-331A =] 2F ofA] Hojx w2 Ao
B4 84S JHAA H3 AZUZ Eo7H
"t} (Davis 5, 1990)

25 Jepe 42 olyxw A g 7
22 FgAol Ae nAEEY] HEE &7417]
= gl

9] B43 HYHM9 571 A4tste vz L
Ao Z27)3g vaste] H7) §)8le] ZHyA o)
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Fig. 9. Effects of bacteriocin concentration on the viable
cells of indicator strains which were grown for 4 hours
at 37°C in MRS broth, washed twice and resuspended
in peptone solution. —e— Untreated,

—s— 320BU/ml, —4— 1,000 BU/ml.
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Fig. 10. Effects of bacteriocin concentration on the ccll density
of sensitive indicator strains which were grown for 4
hours at 37°C in MRS broth, washed twice and resusp
-ended in peptone solution. —e— Untreated,

—a— 320 BU/ml, —a— 1,000 BU/ml.

A FAEE AP 3 308 Hol 9% A

©7} Apgals Roz ueh} 7 bacteriocidal
activity & JERIATE £33 o] 4 JESF ¥
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2AZF7A Ra1g dEHIALNEL £
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Halobacterium mediterranei ©] A34+8 halocin
H4(111)= o8 % =2 sensitive straing!
Halobacterium halobium o) 28w single hit
KineticsZ Rol® Az dn|7 FaolA lyticHAS
(23228 PeR=



Fig.

Pediococcus acidilactici 7 A 4 & &
pediocin AcH(Bhunia%s, 191)& #4Ael & @5
o] gaiMT §FTAL AT HiEo rh
2, Pediocin AcHE Leuconcstoc mesenteroides Ly
o} Lactobacilus plantarum NCDO 955¢} 7z} 10
ciw/mlel =z dgso e CG brothe] A7t
&tod 30CcolA 2217 wiY F9 ODeos 543k
ou Lb phantaum NCDO 955 strain® F3 =7}
Wl o3 AR st wheed] bacteriocidal actiong
Bl v Leu mesenteroides Ly strain® &3 =7}
7+A3te] bacteriolytic actong Uellle T #2
w2 oA A$E AAlFe] wet eI E
a0l & BTk

8 & E

A2 el e A7 ve BLH Ao
wolth 2y AT AF Fol A 7hed o

H2) QAL nisin & 744 BoZ I FHE FhA
7171 dsie N2& gHeedd g o B
A7t gosgs 2ok Fule) A& nisin vHA
T A Zo9 AMgol 3 EHA &3 e AR
2 A53 BPYP) AR Fo2o] AP A7 E
B BE o) Wd g FAHA A
o] Anox oA Rez AAATh

1 D

11 Scanning electron micrographs of Lactobacillus Jermen

-tum TFO 3023 treated with bacteriocin.

Bacteriocin concentration : 1,000 BU/ml, treated time :
20 hrs in MRS broth, (A) untreated, (B) stationary
phase cells, treated, (C),(D) exponential phase cells, treated.

Fig. 12 Transmission electron micrographs of Lactobacillus
fermentum IFO 3023 treated wilh bacteriocin.
Bacleriocin concentration: 1,000 BU/ml, treated time
8 hrs in MRS broth, (A) untreated, (B) treated cells.
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