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Abstract: A bacteriocin produced by Lactococcus lactis KLDS4.0325 isolated by Xinjiang herdsmen from self-made koumiss was
purified and characterized. The double-plate method was used for detection. The diameter of the inhibition zone (mm) was used as the
evaluation index, and it was quantified against Escherichia coli ATCC 25922. The bacteriocin produced by this strain was extracted, purified,
and subjected to physicochemical analysis. The bacteriocin crude extract was extracted from the cell-free fermentation supernatant by
precipitation with 60% ammonium sulfate. This was followed by SP Sepharose FF cation exchange chromatography to obtain purified
bacteriocin samples. The specific activity of the purified bacteriocin was estimated to be 51.02 IU/mg and the inhibitory activity was increased
by 18 folds. The molecular mass of the purified bacteriocin was estimated using tricine-sodium dodecyl sulfate polyacrylamide gel
electrophoresis and was found to be approximately 3.4 ku. Additionally, the biological characteristics of the bacteriocin were studied by
sensitivity experiments of temperature, pH, and various enzymes. The results showed that the bacteriocin was heat-stable and its inhibition zone
diameter showed insignificant changes when pH of incubation was increased from 2.0 to 10.0, showing good stability. The inhibitory activity of
the bacteriocin was found to be sensitive to proteolytic enzymes such as pepsin, trypsin, papain, a-chymotrypsin, and proteinase K,indicating
that it is a type of protein.
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1.1.1 @#f

FLERFLER B KLDS4.0325 AR K2 E i E
SIS 2 T A ) T B AR R 0 (KLDS-DICC) £/
;. KWFE Escherichia coli ATCC 25922 B IpiT44
A= 5T
112 BHiE

AR BT R AL T ) 128.99 g/L, Bk 17.59
g/L, BEEE AR 10 g/L, WA 4 10 g/L, BBt 1.5
g/L, PURIMEREN 1.49 g/L, p-HIMBEREN 1.5 gL, 4
FReh. SALEN. TRIREL M HIN 1.0 g/L, KB
115°C, 20 min. FHABRERES 121 °CHHUKE 15 min;
LB }i774E: 10 g/L JREEFIIR. 5 o/L FEEHR KA 10 g/L
AL,
1.13 EEXH 5%

Nisin(FLFR 52K B 2) bl it o 1 S A UG 35 ]
sigma A5 o-BERR AR ANE AR B & OBERR
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AR A EIRRHAR AR, BT iEE
HBARES: AEERIAENRAIRAR; 4 iliE A
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Hl & T4 & B SR, BB TR 10000 1/min, 4 °C
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F 6.5, AR AR I SE i SR
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XK 16/20 JZ#kE, 704 mL FFE, 0.4 mL/min i
T4, 0.02 mol/L 1] ZIREN N5 22 M (pH A 4.0), 0.02
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4.0), 215 nm PKIIFEAET, SHHRERE HAE D TTE
J HI 2 B AR S AT R M 4liA, I R
IR AN B BB AR R
1.2.6 #hiibamid & 60T /&0

KM Tricine-SDS-PAGE  J5 {21t N4 B 25 11431
JRE,
12.7 @& A F AR,
1.2.7.1 268 20 B s

I %5 & OO0) 20 44k 1) 41 B R FE (29 6000
TU/mL), 43HI7E 20 °C. 40 °C. 60 °C. 80 °C. 100 °C
A1 121 °C R R4F 10 min A1 30 min, 4 °C FHCEE 5
JERSAM B S, U EAR KN, WEEAN R
AbFR S, ZHBE A AR B BRI AR
12.72 ZHEEXS pH U NE

HW%5 & OO0) 20 44k 10 41 i &R FE (29 6000
IU/mL), F 3 mol/L I #hRREE A AR 17 pH 4>
I 2~10, 37°CTHIRE 2h, HUH 4 °C i E $oy4d
JEMRA T S, e B BN, WEEAF pH
AbIR S,  ZHBE FAE AR B B AR
1.2.7.3  ZHEE 200 g IR R0

W 25 510 OO0 20 24k 1 40 B8 2= FF A (20 6000
IU/mL), A 3 mol/L ) #hRRENE AW IA 1Y pH I
F BT IIE pH, TR 1.0 mol/L Al IiA
HEAM., FREON. O K. a-BEEABERAR
HHM, 37°CNRE 2h 5, ¥ pHAEWFEEIE] 6.5 {4
BRSSP P B AR RN, AN RIBREAL B S
S FAE S A B e ELAR AL
128 #ABELitaAT

SR ATA R T SR E S WL, b ERRE
F Excel 2003 ST i bR SPSS #
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Nisin RN PRAERIZ DL 1, B8 1 A%, 2
I S B B A R MM, BIAATEN
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Fig.1 Standard titer curve for Nisin
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= R, JEEL 60% AN FE IR BR VA TR U e 4H 1 &
JFi@ 3 10000 r/min, 4 °C, 25.0» 10 min WEEDTE, 2R
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x 1 NEIEMERNRERZE AR RLGR

Table 1 Results of bacteriocin precipitation using different saturations of ammonium sulfate

s PP B HA12/mm
FRBRAR IR AT
40% 50% 60% 70% 80%
riER 5.43+0.19° 4.10£0.10° 2.07+0.15% 1.9940.15°% 2.21£0.15°
SR 12.49+0.41° 13.79+0.25° 17.37£0.33¢ 16.79£0.37¢ 16.78+0.34°

® 2 AEIEFNEE MR ST HE RAI D TEER

Table 2 Analysis results of bacteriocin precipitation by different saturations of ammonium sulfate

o ] alpha=0.05 #)-F %
IR AE N

) ‘ alpha=0.05 #%-F %&
LiFmARAR AR N

1 2 3 1 2 3
40% 3 124933 70% 3 1.9867
50% 3 13.7933 60% 3 2.0667
80% 3 16.7800 80% 3 22067
70% 3 16.7933 50% 3 4.1000
60% 3 17.3667 40% 3 5.4267
2 EH 1.000 1.000 0.119 BEMH 0.181 1.000  1.000
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Fig.3 Elution curves of bacteriocin produced by KL.DS4.0325
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Table 3 Inhibition zone diameter of collected fluid

2 AR 7 B A42/mm
e -
) 13.54+0.13

A" RRIBAE E.

B3R AL AT ETH60 min/5TFIREERE, EHT
RGP BT 22250 min,  HATRIH I — N5
WEUE L, S H I e M 22 1 VBGE A 42340 minitf HiHLIE2,
RSP 2ol TP AR, JFR R BLARIE; R,

136

0 AR 19 A W FRT DR I VB0 TV i Jm e ks, el
RIFAL, VELBCA MGG, X R85
e, T2 AR B B ELA% 13,54 mm, 6P K AT B A 1
TR, R E 10 T RSP S A A E R,
DA E R, VR T e % o

242 faEEFSA LR
<4 HERISLEER
Table 4 Results of purification of bacteriocin
.. WHEE FALE  WEAH
H (UML) /Amg/mL)  /(IU/mng)
Ftafe kB LA 500000 1689.19 2.96
60%FRBRAERILIE. 527789 502.18 10.51
FA B T X BAT R 1221.96 23.95 51.02

EOWE A=A EREOLE.

H ddH,0 FiREE 54, K28 D Bt i e
IR, il e Toam i R 1 s 60%
PR DL R BH B8 7 A2 e EHTRTE 595 nm TR
SR, SRIGARYEIE 2 o BSA WREEFRERIZR, 15 HIEAT
XL IR RE s FFR A BUZARGZE 73 I e AT TR
IR Bl B R, ARG HRAEIE 1 Nisin (RN brite
ek, F2RMIRANME, RIEa AT RIS ), 45
RWE 4. HFR 4 775, FEREHETCHENT R
TG VBTG R LIS T4 18 %, B TeE
PR AR 1R 7 45 B A 40 B 2 10 B3 AR Bt —
%, BRI PH & 7 A B E AT AT A A b FLRR FLER
KLDS4.0325 Fr=4Hp 2, vl w3552 m HANwE /7,
Rk, ] DU Z Al b 7 vEAS B K A B A i
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Fig.4 Tricine-SDS—PAGE results of bacteriocin produced by
KLDS4.0325
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2.6.1 Al ExTiRE A ARE
HIZ 5 AR, BRI, 0 R EAR A AR
AL, 2RI B A O R AT T AP T PR A

TREFANVAZ, A2 iR, iR 121 CHY,
TR Pl ELARIE AT /0N, BB B RE o KT A0 T
TETERI IR B ZATIRTTIE 90% LA b, 3 3 B i AL R4
BRSNS PR RS B % 73—
JTTHT, AEAHFIER E T 4 1 2R AR BN ], 48
PR B A (TR P AR AT WAL, R B 3R
v T E RORSE PR U RE AN SZ I TR PR B2, 3L SPSS
BRI T g b, AR IR 6, Hille
SR ZR EUCHIZANIE 2R K ) e R A AR
RECRIF AR IS EN, 28R GRS

=3,

* 5 WERNREHR AL

Table 5 Sensitivity test of bacteriocin to temperature

2338 E/°C 2 328 18] /min ¥rE B A 1%/mm
10 25.7+0.13°
20
30 25.7+0.13°
10 24.2240.50%°
40
30 24.29+0.42°
6 10 24.83+0.21°
30 24.16+0.14°
10 24.80+0.46°
80 .
30 24.0240.20
10 24.07+0.05
100 .
30 24.1120.09
10 23.92+0.16°
121
30 23.23+0.17*

* 6 HEFEINREHRMRH LR

Table 6 Sensitivity of bacteriocin to temperature

alpha=0.05 #)-F &

10min #&Z/C N

alpha=0.05 #5-F %

30 min & /&/°C N

1 2 3 1 2 3

121 3 23.9200 121 3 23.2267

100 3 24.0667 80 3 24.0200

40 3 24.2200 24.2200 100 3 24.1133

80 3 24.8000 60 3 24.1600

60 3 24.8333 40 3 242867

20 3 25.7067 20 3 25.7067

BE 0.349 0.069 1.000 2EM 1.000 0.153 1.000

262 M@EEx pH #9980

HTAFESS AR pH, Fit, N7 Rk
R B T TE S PR il P R R TR, 5% L 52
MERTIA BE AT IR %, SRR 5. WKl S B, 4
VAT B EAE AN pH 7E 2.0~7.0 Z[AE, Bl pH 13
K, B EAE A R P BT, B 2R
R AT A R TG 5E; 24 pH 7E 7.0~10.0

Z 18], B8 pH (UG, 2R R b PR 001 Pl LA
AR/, R ZR N RS TR SS . £5 Ut
T 3R RE AR B E B PEPR 58 BE DR KRR S R 4 i
P, FEBRVEIASE SR VE A B R B, (X KA A
IR P AR R E 500, £E pH 9 10.0 I, 40
SR B RAE 79% LA 1, %45 152
FOAEIRARTT . PRI B T2 A 1 A i B A L TR B
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Fig.5 Sensitivity test of bacteriocin to pH
2,63  EH FXTEEA AR
T AR RA S N IR, NENSH &
BRERH ARG, R TR X 40 R 2R S AT & A
VRS, WIeaE KK 7 s, HE T ATA, 4HE
RIEMAE ARG, MR EREA, R
FEE A AT BTSRRI, G R A TR T
KPR, A1 | ELARREASANAR,, 2R 3R PR B 3 0K 95%
LA L, %4555 Neha Gautam 25 N wF 75 45 SAH—
Blo L5 LR SRR R GBI, XN
BRSE, X UL H R A A P BN RS PR
OSSR, 51— J71i, MmN
T8 5T LAY ER RS 2 R N T SRR
b, ASAERN PRI, AT AERAE
SN, AT AT AR b IR o
®7 BERMNEEHBRMEAE

Table 7 Sensitivity test of bacteriocin to enzymes

o ¥ E B A4F/mm
R 1 RKIE2 K3 FHE
P e 20.44 20.82 20.08 20.45
A &ai - - - -
M6 By - - - -
oK - - - -
KINE & B - - - -
o- B O B - - - -
T 19.98 20.24 20.38 20.20
E: COREALY R HE B,
3 it

AT AR ALER B KLDS 4.0325 A= 4i i 23847
SEAAL, HRIRE 60% AN B AR R A VA RORHF AN P 25
TR ENTIEAAL, SRR R R RS LIS 718 51.02

IU/mg, BARAGHTIESR T4 18 %, 4 Tricine-SDS
-PAGE M52 7 T H24 3.4 kus  fotfa SR 4ifb 4
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XS R AT B A B AN B A HL AT 23 B A ) LR PR
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