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Abstract: The purpose of this study is to investigate the partial characteristics (spectrum of antibacte-
rial activity; sensitivity of enzymes, pH and temperature; mode of action) of the bacteriocin produced
by Lactobacillus brevis KLDS1.0373 which was isolated from “Jiaoke”, a traditional, naturally fer-
mented cream from Inner Mongolia. The bacteriocin was partially purified by ammonium sulfate pre-
cipitation followed by sequential gel filtration chromatography and the antibacterial activity of the bac-
teriocin was heat tolerant and was found to be stable after incubation for different pH values. The slight
increase in activity was recorded after 30 min at 100 °C or 121 °C. The bacteriocin was sensitive to
several proteinases, but insensitive to a-amylase. The apparent molecular weight of the partially puri-
fied bacteriocin was estimated at approximately 3.8 kD by Tricine-SDS-PAGE. The bacteriocin has a

broad inhibitory spectrum against Gram-positive and Gram-negative bacteria. The mode of action of the
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bacteriocin was identified as bactericidal.

Keywords: Lactobacillus brevis, Bacteriocin, Characteristic
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XL T R A0 T 38 45 ) R JE R 2 f i SR AR Y B,
FLRR R A A R 2 4 ny, B LUR R 7 A 1 R AR
R, JUHIZ AR, KA 22 R
G 1) A2 A ofe 1 R ey T 22—

AT E W AT s . LK E . DIk
J& . NRRATRE . 3K s F 3K s 25 LR ™
HERHERA 300 ZF05), 40 Lactobacillus planta-
rum 7742 ) Plantaricin'®, Lb. acidophilus DSM20079
=AY Acidocin®®, Lactococcus lactis subsp. lactis 7%
Y Nisinl™, Leuconostoc pseudomesenteroide 7=/f
f) Leucocin'™, Propionibacterium thoenii 419 7= 11y
Propionicin T1Y); Pediococcus pentosaceus ST18 .,
Pe. parvulus I Pe. acidilactici 7= ) Pediocin!'*'?;
Enterococcus faecalis RJ16 Fl E. mundtii ST15 =/
() Enterocin'™"!, (HEEFLATI A, Hit RiE T 4
MRELFLAT W A R, BN & Lb. brevis
925A" | Lb. brevis MTCC 7539 | Lb. brevis
SB27U"VRIl Lb. brevis VB286'",

A ST DN A 52 oy 1 G i A g i < £ 3 v
Iy EARE| R AT R LR, &% N RIFLFT
W (Lactobacillus brevis), F1 X% H 7= A i) B R 347
TR aif, AU L H R IIZ A R
R ER I3 LW R I D i H 1 Y

1 MBET%

1.1 ##

1.1.1 KIS E#: MFLATH KLDS1.0373, 48 A
WSl AR X AL G & BERG i < fi 5e >, FLARLF
POE I N S T A W R AR R R P

(KLDS-DICC)#: T 145 -

16 % WO R KR R 4 B 6 R A Bk
(Staphylococcus aureus) ATCC25923 . FAAZ 4 it 4=
ZEHW e Q1 (Listeria monocytogenes) NICPBP54002
VBT T (Salmonella) ATCC14028 Wy [ H[E 24 i
A= )k € BT, R W AF & (Escherichia  coli)
ATCC25922 W [ BRI VLA WUE YT
1.1.2  $EFE: AMEEH MRS K753 (Oxoid, J¢
[), FRAZ AN A A 2 e [T % TSA+YE 1 R dik
(B R AR, HALTE R WP RN R
FrRAEEL R R A,

1.1.3  FERFANEE: B0 FEEARESS,
e RAE,; AN EE NG o-BE R A
JREE FIBEIA [ Sigma 23 Al; ZEFE K, Amresco, £
E; AJREIHF, AB Enzymes, 78 ; a-7€ i, dt
YA Tricine-SDS-PAGE if5fl], Amresco, £ [H;
Bisk, KHEDEE . GL-21IM @l d & & odl, L
T P ST Fr; CHRIST ALPHA 1-4 % T4,
Marin Christ, {%[%; AKTA purifier100 & H £ JIk /3%
4alifk{% . Hiload 26/60 superdex 75 prep grade, GE
healthcare, Fiilfli; DYY-6C AIHL KL . DYCZ-28A I
HL Uk, Jbatiis—{UER T, DU-800 #% R EE 11 43 A
{%, BECKMAN, Z£H,

1.2 F&E

1201 WAERBRENE &E: S5 5004 5(2008)
7 Bl AR E A R, & 70%
WA REDITER, H 1/40 IR BaiKk E%, H
3 mol/L NaOH il pH {5 %] 6.5, J4: 5.0 g/L il 44k
2 37 °C AL 2 h J5 15 B0 40 TR F R, —20 °C ¥k
A

1.2.2 HIBETEMEMRE: 005 P 5 R OUZ -l
FTFLEEM,

123 HEHRMEIEEGNE: Frik B 522 [ H P
FE7R AR 22 [QBAPESR R TR LR 1, 4% 1.2.1 J5 il
£ J FLFF I KLDS1.0373 40P RS, # 1.2.2 7
TR AT R S IR S A TR AR AR T
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Table 1 Antibacterial activity spectrum of the crude bacteriocin produced by Lactobacillus brevis KLDS1.0373

B o e e : B . e =
S5 B by WEERE ks VRIS
. . . Diameter of zone of | . . . Diameter of zone of
Indicator strain Strain number . o ! Indicator strain Strain number P
inhibition (mm) inhibition (mm)
P P TR N
RARBER I _ KLDS3.0203 13.04016 | IR 4 KLDS1.0442 -
Streptococcus thermophilus ' Lactobacillus alimentarius
2 A B EE Y A v / e o e
AR LM_MEF  KLDS4.0303 1268034 | EAEMEIKE ATCC25923 15.37+0.14
Lactococcus lactis subsp. lactis ' Staphylococcus aureus
=] AT Bk b !
Lactococcus lactis subsp. cre-  KLDS4.0316 14.4120.55 1" ATCC9341 19.44+0.06
. ' Micrococcus luteus
moris !
ST R Db e
e PR KLDS6.0316 1546006 | i AT ATCC6051 15.34+0.20
Enterococcus faecalis \ Bacillus subtilis
; o i 7 & e
REHR . KLDS6.0332 14.17+0.21 | %&’Eﬂﬂia AR R NICPBP54002 14.03£0.10
Enterococcus faecium i Listeria monocytogenes
T CRFLAT B AR A0 ) 2 Fo | Ao oo
Lactobacillus delbrueckii subsp. KLDS1.9201 14.49+0.30 : %ﬁ%}@ﬁ ] ATCC10987 16.16+0.24
; i Bacillus cereus
bulgaricus :
T QLT T 728 [ T Ao ; S
' ¥
Lactobacillus delbrueckii subsp. KLDS1.0324 15466031 | HRAITE ATCC25923 17.39+0.13
. ' Escherichia coli
delbrueckii !
u% 23 77| = : #\ =} T
RIRILT IR o KLDS1.0380 - I ATCC17485 13.70+0.80
Lactobacillus acidophilus ' Pseudomonas fluorescens
SUFFR RGP ] I
$%?Lﬁ.@ . KLDS1.0319 15.35+0.24 ‘ EM%%V(//HEEEI, . ATCC14028 13.98+0.17
Lactobacillus casei ' Salmonella Typhimurium
=) = e |\ ks
Al T RE LTI KLDS1.0201 15.06+0.08 ' FLFLFTIA KLDS1.0408 -
Lactobacillus paracasei ' Lactobacillus brevis
RS T LA ~ KLDS1.0407 14242031 ¢ IRFLAFE . KLDS1.0405 15.25+0.18
Lactobacillus casei subsp. casei « Lactobacillus buchneri
LA RS AT
YT KLDS1.0314 1358003 | EHEILITI KLDS1.0385 16.53£0.41
Lactobacillus plantarum « Lactobacillus rhamnosus
P IR FLAT R AR A
i FRFLET KLDS1.0340 - \ Lactobacillus coryniformis KLDS1.0321 12.43+0.24

Lactobacillus acetotolerans X )
| subsp. coryniformis

FE: fLEARES 6.0 mm+0.2 mm, fLAINA 50 uL A1E FALIRT; — WA B RIME . KLDS: FLAEH#E A 9050 % (h E); ATCC: 3 [
AN R 0 NICPBP: o [ 24 5 A 4y il i A 2 BT (o ).
Note: Wells (6.0 mm+0.2 mm) were filled with 50 puL crude bacteriocin; —: No inhibitory zone observed. KLDS: Key Laboratory of Dairy

Science (China); ATCC: American Type Culture Collection; NICPBP: National Institute for the Control of Pharmaceutical and Biological
Products (China).

124 EEBEBERVSHEMMAESR: % 12,1 Hk  BHERALMEEEBCERR H T, K5
Hil & FLFF I KLDS1.0373 M40 R . 2E8F  ZUKFECHI R AR EEN 1 o/L IR R1E N A R i
Hiload 26/60 Superdex 75 Prep grade HEIcAE (42570 i o

il 3—70 kD)X 40 B MR AT 5 B 2lifk, 7B i% Y P RN B AU E: B 1 mL 40 R EEAE
i AKTA purifierl00 2 K54k, ¥ ¥, A 3 mol/L HCI. 3 mol/L NaOH #5 pH K LA
W2 i 0.05 mol/L ZFRHN+0.1 mol/L SALBhZE 2 MRS VR pHo AR 1 g/L #1 0.1 g/L 435
WK (pH 5.0), AR 2 mL, i 3 mL/min, A7 JnA B & i (pH 2.0) . B 1 (pH 8.0) . #E H i K
1 215 nm WBE B A RE S S R Tk 4 10 F5 /5 1.2.3 (pH 8.0). o-BE & F i (pH 8.0) . AN F(pH 6.5)
5 00 5 PR O o T i (pH 7.0) . BRPEEE B (pH 9.0)Fl o-TE#)
1.2.5 {HEEXEE. pH B ERISUBMNE: £H# fifi (pH 5.0) o FH 1 mL # 4li /KA QR4 T Z AL AT, %
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ZURPE 1 g/L A il A R, e b3 AR 1
¥ pH FEF] 6.5, DIE&WAMAERE ATCC25923
RAEREE, i 1.2.2 NE#HTIERLE, ER 3 X,
FF AN T i iy 24 T 254 i fiox R

YT R AT pH AU B 1 mL 40 KRR
¥, H13 mol/L HCI.3 mol/L NaOH i pH 2-10, 37 °C
TIET 72 h, pH HWEIZE 6.5, L4 0845k
ATCC25923 JHE/RME, % 1.2.2 J kb i,
MR EL 3K,

A0 20 IR RO BB B 1 mL R R AR
W, 13 mol/L NaOH ¥4 pH | 6.5, 43 3ll7E 60 °C .
80 °C. 100 °C i1 121 °C f#4F 30 min, HUHH 57 BV
IKEEI R, #1.2.2 ki rmEiE, £X 3
WK, FEHIT 25 °C AH R H] A 40 B 2 75 TR AoxT L
1.2.6 AREMIERBEMERAR: U 1%/ =
PR O A BRIE ATCC25923 FTHs g%, 37 °C
T E 3R 24 hs, BU100 mL 35351 Horpoim A 2
1.2.4 4ifb MR, WITAERENLEARE R
0.5 g/L, 37 °C Kig%, [k 1 h BUbEE 90
ODsoo, 7] Bt 2R FH ST A BT 9% T 4500 0 2 4 2 (0 i
BRTA 05 A, DAAS I 20 B 25 b 311 4 €0 7 4 2K
W ATCC25923 55 FE Moot A
127 HEES FERNE: L8R
B0 s B, S TR R R
Tricine-SDS-PAGEP" 5 i 5 4 M 2 4 Tt o #4480
= Rn=d,d\XD\D; (R Eﬁﬁﬂﬁﬁiz%, dp: TR s
TR, dy EABEBERE; D EERYEH]
K, Dy BERCYL 5 WK B THRL & R R 1 Y
IEAEA, IF LI 8 25 1A o i 1B A R AN 3 i X
BN ALBRZ: AR M4, AR PR AR I il e 1530
EH it

2 5RE54H

2.1 AEREHIEIL

M 1T, S FLAT B KLDS1.0373 fif P2 () 40 1
FHAR R M Z A CE Y, IR R AR 22 [
PHETR, 0. BN M3 A= 2= e IR TR | 4 0 (5 i 4
BRTA . BEBTOUEREA . I RE 2R AT R ARG R 2R AT T

B AR S 0 A0 A TG, T LG S FC R A, A
KI5 A TR L AR S P R BRL AT €00 T ER T A
A
2.2 AEEXE. pH FEE BB

FH 1 g/L 125 T VA COR T8 I 48 2 3R 1 ) ik A 7
MR, AR EE G R AR ) ML
FF# KLDS1.0373 Fr= A 2R, 2050 SR EE

#<2 WIHIFE KLDS1.0373 il E =L B o ks
IR E . pH Fnfig Ry SR E

Table 2 Effect of enzymes, pH and temperature on anti-
bacterial activity of the partially purified bacteriocin pro-
duced by Lactobacillus brevis KLDS1.0373
Factors D1.am.etf:r_ of zone of

inhibition (mm)

AJNEE Without enzyme 14.36+0.23
0.1 11.13+£0.24
HE I Pepsin
1.0 =
0.1 11.30+0.99
JBE#E F1 B Trypsin
1.0 =
0.1 11.08+0.09
L AJRZE 1§ Papain
Enzymes 1.0 -
(g/L) 0.1 10.82+0.45
#E M i K Proteinase K ’ '
1.0 =
B 1 0.1 10.50+0.18
a-Chymotrypsin 1.0 _
1 14.38+0.31
a-JEM B o-Amylase
0 14.32+0.20
2.0 11.18+0.18
3.0 11.05+0.18
4.0 11.02+0.22
5.0 11.14+0.16
6.0 11.25+0.25
pH
6.5 11.26+0.12
7.0 11.15+0.08
8.0 10.97+0.09
9.0 11.11+0.13
10.0 11.06+0.16
25 °C 13.70+0.40
60 °C 13.05+0.65
yH g
i B2 80 °C 13.91+0.70
Temperature
100 °C 19.61+0.56
121 °C 19.76+0.35

1 fLEEH 6.0 mm+0.2 mm; — ¥A W E .
Note: Wells (6.0 mm+0.2 mm); —: No inhibitory zone observed.
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Sralife)s, 201 g/L EEAM . BEARE. EH
fitf K. o-BEAL FIBG . AN HBGALEE 2 h 52585
WPk, MEAERERR 1 g/ B, keI
(£ 2), WHIZIMEY A E AR, H o-TEH B
Ab A T R T AR I YRRk, ULBIZ A R R
TR A R KA G R B A .

TRy Al S B4R = AE pH 2.0—-10.0 78 BBl 4
B A BRE ATCC25923 (M BTG MEAR b A 8 3%
i, ZAWE R R R HREENE, 4 30 min
FIFRAL RS, 36PN R, i H R B BE IR
JE T v LA TR I PR A 4 R 1 A R 2)

23 WEHEMETEMERAR

25 24 h BEFR M4 WO A BRI ATCC25923 K
FEW, AR 2k AT 2 (0.5 ¢/L &) IFEH
5hJa, WWHEHEBGHIGM 8.1x10° CFU/mL [& =
1.9x10” CFU/mL, T ODgoo 7E 5 h J&i 5 %] JEAH Lok &
AW AR, DO A R R B PR T R AR A

SR o

9.50 1
1 1.90
700 & 1.70
350 | —~- Viable bacterial counts (Control) 3
= ° - Viable bacterial counts 4 150
g 800 F - 0Dy, (Control) s
6 8- 0Dy 1 1.30 S
7.50 il <
2 L 110
7.00 g 4 0.90
s . = PR
6.50 4 0.70
6.00 : : ! ! 0.50
0 1 2 3 4 5
1 (h)

B 1 3EFAFE KLDS1.0373 i =HE RL o L 73
SHEBHEHKE ATCC25923 HI1EMA

Fig. 1 The effect of the partially purified bacteriocin pro-
duced by Lactobacillus brevis KLDS1.0373 on the growth of
Staphylococcus aureus ATCC25923

24 HERHSFEMGHN

EFLFTH KLDS1.0373 B~ 4w £ 435 2 4lifk
J&i, R Tricine-SDS-PAGE i 1k #8745 i L 3k 2517 L
Kl 2, HIBER SR R 40 A A A 456 Marker Frififth
R RARG )T, LW T AE R T R4
3 3.8 kD,

http://journals.im.ac.cn/wswxtbcn

B2 EEMEKLDSLO3T3 AR REMHELFH
ik B

Fig. 2 Tricine-SDS-PAGE profiles of the partially purified
bacteriocin produced by Lactobacillus brevis 1.0373

1 B bRUES; 20 FRAT Ak A TR R

Note: 1: Molecular weight marker; 2: Partially purified bacteriocin.
3

HETC WAHIE Y 4 PR A 4006 &R 19 2L AT IE
A3 500 B i i g M | Vari Kandal™ | i 1Y)
L 25 4045 1 A ) A U7 AR HF 5 b A e L AT
KLDS1.0373 438 H W5 i &40 & B FL il i —— 4%
FE o IR T U T 2R AN RE S 22 R 2 TGP
PR (CBL A6 4 LR 4 BR AT . R B TROR T L PR A i
WA 2R AR L BA | A R ZE AT A L AR 2 AT B A
—LFLRR TR ), A REAN I 2R AL 2 QM T (4R K
P %A IR . 2O R . RAOITEW T TR ).
R 0% 1 141 2% 1 BF P B 7 At 7L 1R BT 9T 7 ) 4 B
ZH O WIRE, 0 Lb. plantarum AMA-KP'| Lb.
plantarum ST26MSP" | E. mundtii ST15MFI Le
lactis NK24PV5E 77 A 1) 40 B8 A REA ] 4 2% FC B 1k
B o (HARIRATTAT RN, CARGEM 4 BRI LA B T =40
PR AR A, AR — e 2% [P A,
FEI RS 2 A MRUEBE LR N AT
FER A A FLFTE KLDS1.0373 =Ry 4 £
S — WA 1 F e LT TR ™ 2R 1Y R 8% 0 ) 22 TG
PR AN 2

S 2R —HDP ) MR KLDS1.0373
A R 2 TR 2 AR B IR . R R . A K
o-BEEE B . AN IR 88 2R 06 . JF HZ
1 B Z R pH A HURR, 121 °C 4B 30 min J5 I
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TEPES A SR E pH 2.0—10.0 B AN B 15 PR s LA

HEEO
4 Hik

WFLAFE KLDS1.0373 A= 4l &0 F =2

K 3.8 kD, Xif £ FhH % G BH A A 22 EG S A A
Tl VE R, 2205 2 3R pH ASEUEK, I HLFE 100 °C
B 121 °C 4bBE 30 min Ji5 #10VBR 15 P A B0, TR
FEE UGS, (A% a-VE R SRR, HAEH 75X
KR

5 % X
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