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ABSTRACT - The influence of incubation temperature, pH and media components on bacteriocin production by
Lactobacillus plantarum K11 were investigated. The highest activity was observed in MRS broth, but no bacteriocin
activity was obtained in TSB. The bacteriocin was produced from the exponential growth phase and its activity also
reached a maximum in MRS broth, but then dropped after 16 hr because of degradation by extracellular proteolytic
enzymes or exhaustion of medium nutrients. The optimal temperature and pH for production of bacteriocin were 37°C
and pH 7.0 in MRS broth, respectively. The addition of 0.5 or 1.0% glucose and 0.5~1.5% lactose to MRS resulted in
the increase of the bacteriocin production. With 0.5% NaCl and K,HPO,, the activities were significantly higher than
that of control, respectively. However, increasing nitrogen sources such as beef extract, casein, and tryptone and salts
such as NH,PO,, MgSO,7H,0, and MnSO,H,0O had detected a negative influence upon the bacteriocin production.
Consequently, because the bacteriocin produced by L. plantarum K11 was affected by various incubation conditions,
the bacteriocin activity of L. plantarum K11 applied in food as a novel starter will be dependent on environmental

factors such as fermentation conditions and food ingredients.
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Escherichia colilx] TAE2] A%E Adl= vt g
241 (colicin)o] Ao 2 LAY o] XI7HA B F
F¢ gtelg|eAle] HIET Qi vhgjg] e Alojgt EX
o RAE A XS] o] A} AEF 715 S ZE sl
| AES APEAITE @ 58 HElol=y EZol?,
Lantibiotics®l] <3< subtilin, Pep5, lacticin 481, lacticin
S, carnocin UI49 @ SAFF22 & IHUAREY I}
88 (proton motive force, pmfyS F 37| % 3} o}
n=db =S AP, Lactobacillus lactis subsp. lactis

*Correspondence to: Sung-Mee Lim, Department of Food Science
& Technology, Tongmyong University, Busan 608-735, Korea

Tel: 82-51-629-1714, Fax: 82-51-629-1709

E-mail: limsm020@tu.ac.kr

113

7} AAER= nisine /‘1]&94 23 9} (transmembrane potential,
AP)$F pH 74} (ApH) ¥ pmfe] FAAE-S 37 3t=H),
£3] pmfs ATP 84, E2 743 A2 tAHAd 5
28 4Pg GE2 o3 BTL HE) ATP 27
olu| AL B4mo] HiE|E fagitltd, Bt pediocin PA-1
Listeria A 30l ofn|=AHETE olug} ZE3 F7|Q4¢
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A Staphylococcus aureus® TTE
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2% plantaricin C= Lactobacillus sp., Enterococcus faecalis,
Propionibacterium acidipropionici, Clostridium tyrobutyricum

S 22 HF FAlldd i A ZHgo] e A=
dHA A

e 2] 24l S IS F= 802X L lactis
ATCC 114547} A4rsh= v 2] 41 AJARS: 94t wiA] 4
O 5+ sucrose, soybean peptone, yeast extract, KH,PO,
1 Ao YT, T3 Micrococcus sp. GO57} A
Sh= micrococcin GOSE lactose, sucrose, tryptone, yeast
extract, K.HPO, &2 MgSO - TH,0 &°| H7Fe MRS
aj R ollM 7HY 52 S48 Ve, E faecium
ST311LD7} Arrete wHE E 2412 BHIY M17 brothoﬂ
M B A4S e, tryptone, saccharose 2
vitamine C7} 278 MRS brothol|A] oo &4 ‘—JrE}
WAk BAE3 o,

A B|ANA F2|¥ L plantarum K11°] A4FsH vHe|2] Q.
E. coli 01579 Wit 3+F 37} J= ALZ o]y
St vl Ik, mebA B H ol M= L. plantarum K11
1 Ak HEg Al A 845 27 A% WY
74 BOHiR] Aol #ete] Gofr A} g

A8

lil Fl

N

SR

ulggj oAl g £x 3 7 M=

sR|uol| A 228t L. plantarum K11 5= YA A]
10 mLol| 1 WFo] FE3he] 37°CollA 12A]17F A w3t
Wi FH-E AR 1 Lol &A 2 ul g vjgd S 944
2] (10,000 rpm, 20 min, 4°C)3ke] Aol FEAe [N
NaOH= HZE pH 7.00.8 23 Fo) 50% Lo 3l
UEH [(NH,),SO,1& HA3] H7tstal 4°CollA overnight
Tt wHkeh o2 ¢AEE (10,000 rpm, 20 min, 4°C) 3}
At IAXELS 3319 20 mM sodium phosphate buffer
(pH 6.0) 50 mLol] &Y} spectra-por dialysis membrane
(molecular weight cut-off, 1,000; Spectrum Labs., LA,
USA)9 2o ice box WA FYL3 buffer (1 L)E 33
W BSFAA 4°Coll A overnight &<F FAIAZ T, £A41%F v}

B 2] 24 -89-S membrane filter (0.45 um pore size,
Millipore Corp., Billerica, USA)2 3} Alg3le] A&

M-S,

qlE=] 2 T =573

L. plantarum K11 757} A2z i) @4 8-oB9] 3kt
242 microtitre plate assay'’S. 8 ZA3IHTE =
microtitre plate (BD Falcon, Franklin Lakes, USA)®] 7zt
wellol] HAAER] 200 Lo} 27Ho 2 3293 vhg ] oAl
£ 50 ulL Z E. coli 0157 ATCC 43889 vl 100 pL
(2F 1.0 x 10°CFU/mL)S FHZ<3FHTh. 37°Col A 124] 7} Y

%3 3 enzyme linked immunosorbent assay (ELISA)
reader (Spectrocount, Packard Instruments, Meriden, CT,
USA)E 660 nmol|A S3EE FA3t 2T FE5Y
Aute] et wele o gole] Hr) SHuy o
ol 20 (1 mL/50 pLyS 3k 7§ %k-& bacteriocin unit
(BUYmLE FA38Fch.

B Z2i0] W vlH2|2 4 &

(1) ¥iFE wiA]

L. plantarum K11 47} ALkt giH gl 2219 H

45 Y= x| 9] S/F-E LotE] $1s MRS, M17,
BHI 2 TSB vjA|o] 5 HET o 37°CoAlA 2477
Fab vk e el B4 FHE (G60mE
245t oo BE5IAAE AT

2) MY 2=

L. plantarum K11 455 A9 A iAo HET tha
15, 25, 37 & 45°CollA 24117} &<t v FahHA vl g
3)Ele] vte| 2] @Al 8L A Z3 T St AL 24
gtod FHae) €48 Yeplle vl 2=2F 445U

(3) ¥iA] pH

& o] AR E 6N HCl 22 NaOHS. 2 pH 5.0, 7.0
2 9002 FASAE W ¥ L plantarum K1l 455 3
ot FHAHe ZEoA HH Fote T A 2 HE
gt E] 24l 848 338t Ao 3+ 45 JEW
= viAe] pHE ZA 3t

(4) WA AR

gAY S 2 = glucose, galactose, fructose, maltose %
lactoses AH&SIARLL, A
peptone, tryptone 2 yeast extractE AME-SIFHOH, EFE
= NaCl, NH,PO,, K,HPO, MgSO, - 7TH,0 % MnSO, -
H,0 &< A9 dAu=] < 0.5, 1.0, 1.5 & 2.0%2]

F=2 HUISE g L plantarum Kll #F& HEste
A0 Lxoq NI Tz BAL Hmste
ara, 249 9 9% FH9 A1 Be ue

oA BYL ZAAL

mlo

HO Z = beef extract, casein,

A0t Y 1%

Ujx} FFol W gEHE M

L. plantarum K112] Bl 2] 241 &Adof 3t vjx]e] &
&S AHE ZAFA= Fig. 13 2t MRS HAE{R]A L.
plantarum K11 455 WlYGAZE & 16A17F TH)l HA]7]
o =3I, olu "rejgjeAle] E42 12800 BU/mL
2 Huof o]2x o}, o]Fo= Ao §438] THAE
Th M17 dAufA] o) wjet AS Ho) E4do] 16A0A
UERZL o, MRS iR Al B @R gL
3200 BUmL A= 45 Yl 49 SHSER
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Fig. 1. The effect of variouw media on the production of the bacteriocin by L. plantarum K11. The L. plantarum K11 was cultured at
37°C and the bacteirocin activity was estimated by microtitre plate assay with E. coli O157. - @ -, Bacterial growth; - ] -, Bacteirocin

activity. (A), MRS; (B), M17; (C), BHL; (D), TSB.

MRS iR E T} 2okt BHI QA R| o A= v 2047}
Tl 3200 BU/mLS delg] o4l @48 YehiA, TSB
A=) AgelE GE AAWAE Kot f5717} 2
T F 2 57t P 5T, weE 9Ale] 4L ok
AZE B UM S Ve asteh B Aol e 7
o wElE)QAle] ke o] FAo oFetE HES
b dsR s Fg) met g4e vERes Fvls
b WF 2HEQl fabe] A, Folt B ofulndte]
Z 5ol o8 MEF7E A mEt @45 DA A
"}, o]} Zro] thA|Z o8 H=]7] o]Fof uie|E] 2419
8o Zadte R AL o5 AX dFdEH gl Al &
3AAY M E7Y ST oEA WEH FolF F2 M
Eolx tiulza Hg ‘A9 93 dhg|g]l 2 Alo] E&A3)
He Aoz AAZIH,

Cheigh &'l olstH, AXjoAA 2218 L. lactis subsp.
lactis A1647} AAHst vtg ] @ Al A4S A 0.5%
lactose”} 7 M17 (M17L) AR 7F 2 2] w2l
ALz UL, MRS® APT AR = MI17LH
APSE M A S LJrEJﬂJ%M_Ur g2 A 242 WA
UERR TS Bt 2 A3 9] Ao} tha Zpolrt U
oh SHE, A #FY HA F2] 2 HlEA] FHie

wele) o4 A e osa Raste A 2
I QITHY, e fAFEE U5l R v Aol
WA 57 AR 27) PRIER 284 gout, B
Q1o oap A7) FakkAe] SolaQl 23} wele e,
A 42 3T GASE o)t tAMES) 3, JYR
RE7} 2o AFH 220 B wgoz 44ddy

SERIDGEC

Y 250 2 vy M &8
L. plantarum K119] 22| A 848 U= vepl=
MRS AR )R] Ao A 8~2077F Bl SFl= T vl 2%
9] 9J3e AuE A= Fig 29 2k 25°C, 30°C %
37°C €22 257F S7Hgl w2t Btelgleqle] 4
18%124 o=z Zykslg o), 45°Coll e 23] /o] #
Aatch o 24 (12800 BU/mL)S 37°CollA] w kgt
7A%- 14~ 1677 wholl e, 30°CollX & 1847 ol
LHERSTE
o] 5202 Lactobacillus sp. GM73110] A4+t e 2
QAL 25~40°CY] BN AAEAH, 2 F 37°C
A 7V e $448 veple] & ZAAet FAkSIIH. B3
E. casseliflavus IM416K2] HHEl| 2] @412 18~45°Ce| 3+
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Fig. 2. The effect of incubation temperature on the bacteriocin
production of L. plantarum K11 during cultured in MRS broth.

St 25 tiollq Hje &8 YEMIT. 8l &=
1= Leuconostoc mesenteroides subsp. mesenteroides
FR529] MEZ (biomass)dl= &2 WHIE FA Egort,
e 2] 2 41 Aol S8 3 F3F QIRFEA| mesenterocin
52A< 20°C, mesenterocin 52B+= 25°C7F & %9 RO
2 Yehd Hlud G Lxoa HYEs QAT
olAHE A F4 S5 FA AAdF Z gt g Al
ALrE A% HF 278 th& Aol v ol dAE
7] FoHTE #F9 F4 S5 UEpRA T 19}
FAO #F7F Altshe duE 23 a4 4= St
&7] W&ol "regeqle] EalEva Basta Jrh,
o2 At viws] £ o wHg il FiFo wet HA
o WiF 2=t 2 olf= " 2| 249 Al 74
AE B F& T AFSE Aol 27 gl Ae=

dEAH AT,

4
=2
=]

HiX] pHoj| WE YfE2 A &

L. plantarum K11¢] 2|2 24 €48 HU 2 Jell+=
MRS SAEA] Foll 37°CollA] 8~20A17F vl Fah= F<F i
28] 27] pH 932 A4¥E A= Fig 333 2} wiek
gA1ZE vl wHEle] 4l 42 pH 7.03} 8.000A YElY
7] AlZrste] o] AlSEDTE pH 7.0004 E4Jo] F43]
718kt A RE vl F 16X pH 8.004¢8] &4-&
pH 6.00]\} 7.0 Er} @& &8 Jepfgled, pH 5.0
7 9.00 M= Wi Tt Y g w2 A4S By
2N L. plantarum K119 B E] 212 FHof A&
MRS A= 7] pH 7.0 ZA 3t 37°CAA 14~
1677 sl 5 UJehes A2 ZRIsisT)

Lactobacillus sp. GM7311°] AAtsle dHe| 8] 2418 pH
5.5~6.59 WA AFER 0L, T F pH 6.094 71
= 84S UERRTAL sl £ A3 F59+= thi Z
ol7F AAT. L. lactis subsp. lactis 140NWC2] A3 =}
A LS #1332 pHE 6.0~6.50U A%, B
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Fig. 3. The effect of initial pH on the bacteriocin production of L.
plantarum K11 during cultured in MRS broth.

2 Al(lactococcin 140) ABAYE pH 55904 wijeF TA|7E T
H3 (154 x10° AU)E 1;}5}‘;%1:}26). 3t Leu. mesenteroides
subsp. mesenteroides FR522] mesenterocin 52A~ pH 5.5,
mesenterocin 52BE pH 5.08] 2F4Hd G HolA FH ol e
dhel| 2] Q412 AR, E. faecium P13 459 54
251 glucose &M= pH 7.0914] FHYA|ZE enterocin
Pe 71 & AL pH 535 6.094 YERGA, 7P
o A0 pH 85904 UEPHTIR AT, L lactis
10-10] 28} A4HE nisin Z9] 7HE =2 4 A #F
&9 pHE 5.05} 550|103, E. faecium BFE9002] ®}
B2 24 842 MRS ¥iA] pH 6.0~9.0014 FHIXE A
AL Lactococcus sp. J-105¢] HHe|2] 241 &2 pH
8.0 FolA 7P Ethal Bisle wviE|g e4ls ALt
3te a5 33 pHE Aldwtth oeFstAl e,

HiX] Ad 2o T2 vlgz 4 &

L. plantarum K119 BHE|2] 24 &40 sl ujA] A&
£9) 9J3e AuE A= Fig 4, 5 2 63 2T} Glucose
0.5, 1.0%%} lactose 1.0%, 1.5%% H7}3 73-F% tZET-9
v vte|g] oAl 8418 )l Z7181R AL, £3] lactose 0.5%
A7} A= F4 4] Z71E Qo 22y galactose 0.5%,
fructose 0.5%, maltose 0.59} 1.0% = lactose 2.0% F7}
Al E 279 523 12800 BUmMLY 845 YR
o, o olge #AYS HUIE Afdde L3 &4
o] ZHAFERATE AAYOZMN beef extract 0.5%, peptone
0.59} 1.0%, tryptone 0.5% % yeast extract 0.5%} 1.0% 3
71 ZASolle U279 5dst 248 vepfgleyt, 1
o] T2 FHI/HIE woe Ao ZAaHISE &
A3t GFEAE NaCl 0.5%2F K, HPO, 0.5% 2713
749 e eAle) o] tiERFEY 28] FUIeH W,
NaCl 2.0%, NH,PO, 2.0% ©|, MgSO, + 7H,0 1.5% o)A
4 MnSO,-HL,O 1.0% °4< H7IE dde =T &
el 50% ©|3tE ZAastsdtt.
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Fig. 4. The effect of carbon sources on the bacteriocin production
of L. plantarum K11. The L. plantarum K11 was cultured at 37°C
for 14 hr in MRS adjusted to pH 7.0 and the bacteriocin activity
was determined by microtitre plate assay.
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Fig. 5. The effect of nitrogen sources on the bacteriocin produc-
tion of L. plantarum K11. The L. plantarum K11 was cultured at
37°C for 14 hr in MRS adjusted to pH 7.0 and the bacteriocin
activity was determined by microtitre plate assay.
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Fig. 6. The effect of salts on the bacteriocin production of L.
plantarum K11. The L. plantarum K11 was cultured at 37°C for
14 hr in MRS adjusted to pH 7.0 and the bacteriocin activity was
determined by microtitre plate assay.

L. lactis subsp. lactis Al1647} AAFeE vlg|2] Q41 &4
gt Ao g3s AHE A3 0.5%9 sucrosedt
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lactose = TF M2 S A= AES Fo|Ue
sucrose B.T} lactosed] &J8) 89 O =& wlEHZ 4l 87
£ A& F AU AT 0.5% glucose$} raffinoseE
A7tsle] ALke v g 24 84S 28 WA e
o B uEgeh Bk ALY 739, 1.0% yeast extractE
A7kt MITLAA Fth e we2] @A &4do] Yebg=H] o]
712 tryptone, soytone X.T} 28}, peptone HTH= 164),
casein®] 7A$-Htl F& 328 © A JEpsth olef 7
o] yeast extracto] &3l €0 B2 olfF= O B2 &9
f8] ofv|iity) Zhe Helo| =g AlFEF vE oA
VRSBl 8] U B2 A% JdAE TS| dEol
23l 2ZASA G0 E faecium CRL 1385% glucose X
v} A"l 98] o B2 dhEE S AAetia FA
golu} GdS FHrislte] widst A% S pullorum M97¢]
As)h=d A o|UT L BASRTHY.

L. sakei CCUG 426872 ®}H|2] 24 (sakacin P glucose
7} SVl wet A o] ks A4S B 27|
glucose FE7F 45 2 60 g/LZE WiFet A-¢- AL
AH250 mmol/L)oll &3l Hhel|] o4l Aito] EA| = ATt 3HA
yeast extract®] F=7F 7SS 729 S4 £E9 sakacin
PY A 7% ¥ Sol4¢ AL SEX I FTHEHSIL
™, B3t tryptone =% F71El wEl ghEZ] Al A
o =2 FATAL BT, Sanni 52 Lactobacillus
sp.7t Aibshs dHElE e4le] Hul EA42 MRS HiA] W
glucose?} peptone®] 0.25%2F 0.5% =AE 75l YeRs:
o}, 2%9] FxAdME B0 YEREA] Rskthy Bis)
At} L. lactis 10-19] 98] AAHE nisin Z= glucose,
sucrose 2 xylose &=A) stolA] BAAH NI, cystine FH 7}
ojF) &Ado] F7hd ¥HH, 0.0l mM Mg® &2 Mn*'9] F
71l o) Brelg] el B9 o 25 7HEF ZAAEH YT

NisinS % %7] pre-peptide= TAEHOIA AL I Fo
mature bioactive peptide®Z H¥ H=d F+2FQ nisin
precursor gene (nis A)% AALS} prenisin®] A2 tl57]
z7ol A= A7 7HA] A& oloizithal ST S
5] B2 prenisin®] ¥, Aol NaH G} A&
¥ gA9 BAAS 2480 ZA nising A 3ok
AL BAETEY. 3H dnkA o g [Akte] gF8 T4l
PHHE7] W w8 F2loly vHE|E] 241 A4k Slof
A BAY Hue §7] 2Aadd o B2 J3E Wt
3L gdEA ATk Nisin®] U] sov 7] 2499 &
Zro] Z7MEFE AojHu T BAEHATY, Nisin, sakacin
P 2 curvacin A 52 4 casein (1 g/L)d| &3l 24
HE Ao Yelgsdl?, Mo dwE Fa a4 ALk
2 casein®|\} gelatin?} 722 E3F FrE AU o5 FF
% Holw BIsta Yo,

Lactobacillus sp. GM73110] AjAtel= vHe|2] @4l o gt
NaCle] 982 A3 E F3 NaCl 0%lA 7 =gkont,

4l
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2% ol E F43] ZAALH 4% oM E 7
o] 543 w4 o] A vehtR gkodtha B
ST, 28U E faecium P139) enterocin P A Ak
A NaCl2 9|2 4] 849 A3 aQlo= waxinh™.
SHAIYE E. coli 0157 : 179 Wheh 3+ &7} A& nisin}
curvacin A2] 2] A B4 NaCl 0~6% s% 3}
X NaCl9] o] S71er5 gt T3t S7HE AP, T3
nisin, sakacin P 2 curvacin A T2 Ca*, Mg*" ¥ Mn*
(10 mmol/L)2} 742 27} ol 3| A= A=
UER 21, MRS BiA] o] EAljste Hxe] Yol2E9]
YO T = olF P x| Y= Ao F VeGP, o]
of Zro| <Folol o)t 3t e AT fol-9 <l
A3 Mg*7t Ao E2d d¥Aue] Fn g Zo|x
AP Aol Y3 nisin®] 218}HH S FAAIF]Y] Uﬂ%olﬂ}l
A etal YT, 1‘3‘4 = THE A 9t Mg’
pediocin AcH®| A4S F7HA7|& 2371 ok ¥
DT, Lactobacillus sp. GM7311°] Aj4ksl= vHe| g
o]\t L. lactis subsp. lactic NIZO22186-4 nisin A AHe]
5t KHPO, 2 842 S7M7IeHl 252 €0a B
B9 T}2140.

ojg} 22 oA AFAFAM HIAEGE0], ©@ad, A
2 2 g4RE2 gHE A AAHE 3 $8% A=
A olE AEEY FEY TR THZAAE AslE
oo o} tieksitl. Bizani® Brandelli*"= B, cereus
8AS| WE|Z] 2AE Aitslr] M E A4, BiEe ¢
F71d 5= ¥iste SR a7sE Y olHE o
G ARE HoE T AS AgHeE QA s S
7IAIZ]150 R dHE 2] o4l £ AAd ¥ B2 o g
< ZYsHA € R o,

B2 A7 At} vz B m v oAl Agake] A

e 5Foliol AU fFikto] Akt v E L

""‘-O___Q[_',
o> K rlr

<]

a1 8 z4 01] E}E} |
oAl ATl ek F BHE FAEAY (LD
. %% L. plantarum K11

QTEE BRAHEE AMgalel 37 DY) Wil

A, ARETHYE S eNE ¢4 B F
Asld 4Ae 722 AMeLA wk

l‘N ANy M2 T oo > BN
U v 1o
K= o
s il
W, 9
o %%
oy R N
oo 3
:(IJ-l=r
Qo 2ol
ol 0:
_gl o4,
Ar 2
O —t‘i
_IO{' l'l.llI'
T

p
—‘—l
ol
ﬂ_‘

Lol AE BFAZFQ TXU|ZEE E coli 01579 o)
L. plantarum K11 =57} A4k

FVHZ VA= v =7 &
gtod ARGt B #F7F Bitehs vl 241S MRS

3¢ JERSQIE M17, BHI ¥
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