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BRER D48 (S. aureus DA48) . WA Bk pCA 44
(S. carnosus pCA 44) HZEHTRF G LM (L.
monocytogenes LM1) . KI5 (E. coli DH5a) |
Bl 7 1L BR B SCF16  (V.parahaemolyticus SCF16) |
Wi ¥ 2E AT BAS2(B. subtilis BAS2) |, F I gl 4
FEVP TR CMCC 50093 (S. paratyphi-A CMCC
50093) . M VBTG A S AR Ff CMCC (B)
47001 [S. enterica subsp. arizonae CMCC (B)
47001 H (B A MU B ATCC 47085(P. aeruginosa
ATCC 47085 )45 35 2k S 56 2 (R8T

MRS K355 GM17 Bi 5L LB ¥i3e 5, 5 5%
A Y RARA R A

O P i A A 2 e R &, W S A B
ARAT PR | 4 S A 2 O &, 2B TR T
Pt (0 ) AR 47 BR A B HiPrepTM SP XL 16/10
JEATHE XAD-16 K ALK B i JECR} b ot 24 )
BHE A BR 5T 7] 28R EE DisC2(5) , BN g H
WA YR A B A H]
12 UE{HEH

3K30 5 m R R L, € E Sigma A
A ;Gel Doc XR RUEEIE AR, € E Bio—Rad 2
Al ; AKTA Purifier 100 P & [ 464043, Fi 4 GE
Healthcare 2\ 7] ; Waters 2489 = S0 AH (0348 , 36
Waters 28] 3 #5 H 3 HH KL, € Bio—Rad
vl PB-10 pH 31, 781 Startorius 2 A ,
1.3 A&
1.3.1 PRk
1.3.1.1 TR ELMRE M 8 T EFE S
RO T IO K T, S5 0T BORE S AT, R
2% & GM17 Al MRS WA R 7236, BT 37
CHEFAEEFE 24 h, KL T GM17 A% 1.5% CaCOs
) MRS [EAREE R 3L |37 CHi 5% 48 h, FHKHH
PRELTE GM17 55352 B KSR SRETE | 7R
il 1.5% CaCOs; ) MRS 157758 |- H B9 45 P 1) o
FVE o0 RN 2 GM17 MRS AR 15 55 3k v 1 5
B9t 24 h AR 3R )5 -80 CH IMAS T
1.3.1.2 A7 40 5RO M 0 FL R B O e TR Ak T
Fl, PEHUEAR 7% 2 10 mL MRS AR 373,37 <C
B R SE 24 h B W 4 °C,8 000 r/min, &L 10
min J5 BRI, R AR EEAR B B 0L O 4 R X
TR & O A ERE W TIRE SRR A

A S A B R A AR
1.3.1.3 77 4 i 2% LR B 1Y & i

1) HEBRA ML X M@/ T4 4 0.1
mol/L FLMR I 15 MRS K B A 2 i Wi 14 85 77 5L 1
pH E A& e L35 W s pH AE AR A, 97 0.1 mol/L
FLIR AT & T L WE W pH {E R 5.0,7.05 HH 0.1
mol/L FLT& 0.1 mol/L. £, & 1 K 18 A % F ) MRS
WA R IR pH HN 5.0, F M8 (R s VE M35
AN, A AR IR Bk A T B R

2) HEBR I EAL A HO, X & 7 F 0 T4
W 2o A A S A A A B TR % b R P BC B 2 mg/mLL
M T AR, K5 &l LW 11 AR TR
A, 2 b SR 2 0T RN 1 mg/mL, 37 CK
% 4 h, F e BRI AR M HE R T, AR EEAR B
POk TP R

3) R A E WA R R B
U AR K5 8 B AR O, AR 2 mg/
ml 19 TAEW , 73 50K & B L5 Wy pH EH 2 4%
il 1) 53 R pH L, 43 A 45 il R L
WS E A AR E N 1 mg/mL, BT 37C
KV R 4 b, B R GG pH A, LLEEE L
T WA R X B, A 8 SO TR 10209 1 4
TN A AR AR Y B0k #E AT P R
1.3.2 774 1 22 FLIR T A bR 1) 2 2
1.3.2.1 HEEE L AERALRE  7F MRS [E
REE IR F RIS B3R, IR S R T TE A
PREGE 1 B R UEAT 2 IR, 7F Wl T
RKERMIEA AR BRR A OB 45 7w
PR A 22508 5 38 P4 P it A= fb 4 e 1 70) 4
71 AR B A ARG 2 AT
1322 HME 16S tDNA K& Z @ 1Y 5 N
21 DNA 2 U722 SCik[12], LA SE 41 DNA
MR #E1T 16S rDNA L ) PCR §7 3% ,PCR ¥ 14
LI F (5-ATCATGATTTACATTTGAGTG-3") #iI R
(5~CGACGACCATGAACCCACCTGT-3") 514y,
PCR 79 5 B L )R #R A 8 /) 58 i, PCR 373
P40 45 SR 5 BLAST 5 NCBI A 4% 1% 5 471
B PEHEAT LU, AR BRI 16S tDNA J7 41y A
filt, JEFAIH MEGA 7.0 9800 48 2 R e itk ik
RL
1.3.3 4w RBP4 5r B 4lifk 2 SDS-PAGE 434t
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K FH R L W B ) IR (XAD—-16) )2 #7 —Hiprep SP

XL16/10 5% P 2§ 1 3¢ ## )2 Hr-RP-HPLC 3 59)
ulifb i &=, JF R a4k S i A iR #5147 SDS-
PAGE 43#7
1.3.4  EALFRESHT FH 0.05% 1Tt 2 75 0 715
M EFES pH{E N 3,4,5,6,7,8,9,10,11, k47
MEE, WA A R AEA R pH (H & 1F T it
FEVE ;B4 B R A S 40 & T 40,50,60,70, 80,
90,100 °C43 AL FE 10,30 min, DL A 28 $4b BE 1 20
AT ZE A i Sy X HR RS DO 400 R 3 M AT 5 A R R 1 A
ot s EEA EE AR O ARNEARE . EA
Mt K 5 T o TE A il TG U7 il | A2 8 A IR il 53 )
T2 B 2R RE G, 25 Bl A 28 0T VR B 1 mg/
mL, DLAS FH Tt Ak B A 240 17 2R R il A S 0 B A
TGEIEPE D5 40 0 2R A B A AR T L R A TR
PER 7L B0 A M B IR O, 6 T Y O
HMER A 10209,
1.3.5 R EZME RS E  RAFTALIE 58 i
PR X AN R 7R B I B AR T, sEHCA R
2 PGB R S ER B PE R A 8 RN R R TR
3 3 ) Xt A [R) 4 s R B B AR KN, i
AT R AN

2 HEREAMH

21 HE#IEE

2,00 MBI M SRR R A A
VG T B AR 43 8 B ZLER TR 10 Bk 38 A 41 TR
B K B 6 KRB 0 & I L T RO 4 B 60 8 2 BR A
D48 h 1T G 4 BUR A b sk, b 4 518
X 2% TG B AT T I A T X e 1 D R AR
T LG 81055 25 4 S ki1 T .

212 AR R IR E R K

2.1.2.1  HEBRAT LB XD AE T4 B3 M
4 5 TR W) A E s, A pH I pH (A 3.74,
FH 0.1 mol/L LR 7 28 K B AL B MRS W AR K
FEEN pH HZE 3.74, K LI WA 0B RCR W
MRS ¥R 3: 57 50 M RCE 1 0.1 mol/L LR
W R EIE W pH (3 B 2 5 F 7, 5 UG K
VR A A T B R NEZ R S 439 0.1 mol/L
FLIR 0.1 mol/L. T4 I ik TR A 2 0 1) MRS W 14
REFRSE00 pH (E I ZE 5, &I 2 7= A 0 RL

Ao PA R0 1 I K 1 L P A R IR i AR
MR

2122 HeBRE AL S MEER N T &
i A A AR B 4 5 FUIR I 04 kL O™
A B0 T R B L R 2 Ak PR TR L R A 1Y
e b EAR, BEHIER T g AL S0 AR U RAE
b, K LW AR e AR TR AR R
Jit,

(a) (b)
Tca B 1L 4 5 E LB W (pH=3.74) ,2. MRS(pH=3.74),
3. KWW (pH=5.0),4. K EE W5 W (pH=7.0);b K 1. 4
ST R W LT (pH=3.74) ,2. MRS (pH=3.74),3. MRS (3L
pH=5.0),4. MRS(Z ¥ pH=5.0).
1 BHERHER

Fig.1 Elimination of organic acids

REEEER

H,0, 4b 3t

B 2 HEBR HO, Xt & i 1 B9 22 i
Fig.2 Exclude the effect of H,0,

on antibacterial activity

2123 HAMKNEHCHMEEZLYE F45
FLRR B M &l LIEWCP M A B E A . EAM K
B 1l (0 L2 T v B 200 1 mg/mL, & 3R
26 3 Fh AL BRI Y K T LT AR A TR A
P, U R R L TR R M AR R R R 2k
Y,
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22 FHERIBEEEMNETE

221 WHMIEERAEFAEMKE ZEEEN
BRI 6 1 FL A O TR 75, 3 S 5% e TE G s
22 QY (0 25 S 1 P 2 W R T AR B A R
BFRIEA, JCHEE M2, 5 ZLW AT 58 19 FR1E
AHAFA o FH A DA i A A e a0 6 4 S I T 1Y
AR AR RRAE 25 RN 1 TR,

222 KM 16S tDNA %5E  FBOZH AN
20 DNA fE A, i FHZLER 1A 16S rDNA 38 FH 5
YA PCR &1, 321K B0 1 383 bp i EL T
H, K F A A% 2= NCBI 80l 4 o 1) BLAST
BAFHEAT S P HI LE X, B MEGA 7.0 H 4B
MIEHERZEEEW, SRR ZE R SHEY 3L
FFEE JY28 Rl E P 15 2 100% , 254 1 b i 25 2%
A PR A S I 2 R B R A A ) FLAT
B, fir & N K FLAT E ZFM804 (Lactobacillus
plantarum 7ZFM804)

R1 4 SERNEBEELSE
Table 1 Physiological and biochemical characteristics
of strain No. 4
& 22k A% R SR AR KI5 R
Yy -
Lot
TR
B
H B
KA
e
A +
A A7 48 -
DEE
LAE
P K AR I -
AL -
V-P X5 -
E=R %S -
FRAL £ I -
TE =" RN I+ R B

+ o+ o+ o+ o+

HWYFUNF T Lactobacillus plantarum Ni344.

[t I Lactobacillus plantarum LABDI1

HIFUFFIE Lactobacillus plantarum ML99.
100 | Wi sLAF I Lactobacillus plantarum 8m-21

98

HIFLFFEE Lactobacillus plantarum JY28
ZFM804

T FLFFI Lactobacillus plantarum 1168
I Lactobacillus plantarum P1-2

RAFLFTH Lactobacillus mixtipabuli IWT30

80

i ST B Lactobacillus hilgardii HBUMOT7113

42.‘_—&3& FFi#i Lactobacillus acidifarinae

MBI Lactobacillus namurensis b65

71

71] BLFLFFE Lactobacillus brevis SD2STLI1
HFLFFIE Lactobacillus brevis PB117
100 [ | I FLAT 1 Lactobacillus brevis CAU2898

70" K FLFF T Lactobacillus brevis RU39302-1

FLEE K ERTE Pediococcus acidilactici PGC128
99 i 2 S5 FUREAT B4 Lactobacillus brantae DSM 23927 SL1108
e |
0.0050 ‘
B3 4 SE#M 16S (DNAERAFIRELZEW
Fig.3 16S rDNA gene sequence phylogenetic tree of strain No. 4

2.3 HEEVTH B4R SDS-PAGE & #f7
231 HEWEV L E LA XY IAT R
ZFM804 1) A I L 35 W 28 3 KAL WGBS g )23 B L i
FH 2 T A2 e J2 1 RP-HPLC 3 4 :4) 4lifb ),
BN 4 Bros vk B i B AT R, Ui 4
R A R g,

2.3.2 SDS-PAGE fhEHEMEE T HE Kaod

HPLC ZlifkJ5 1) ZFM804 8 9 ZL AT 18 K #E 17 SDS-
PAGE , £ 7% 5 5% 5 % €8 J5 78 58 e R A 30 I]
13BN E45 WL 5 F 2 B K/ 2SR 15 ku,
2.4 HEEHEST

AN AEAE pH 3~11 13 FEl P AR 2 AT 41 1
TGP 7E pH A 3~7 BF, 300 BA 15 1 A5 %oF IR 26 T W
225 pHAH® T 7 B, MG A NV R E



28 hoE B

M

2023 455 8

M) 1

Response value
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RF 5]

Time/min

E 4 RP-HPLC 4k &% &
Fig.4 Purification chromatogram of RP-HPLC

17 ku
10 ku
4.6 ku
1.7 ku

B 5 ZFM804 ¥ 3 #FE = # SDS-PAGE Ei&
Fig.5 The SDS-PAGE map of bacteriocin
of Lactobacillus plantae ZFM804

BAEMEEE, U ZFM804 Y FLAT H K iR
BT A2 PR F 24 100 CAREE 30 min B, 47545 B &2
BN BE TR P, D] ZFM8O04 MW FLAT & 1 IR
i 52 PERC U, ZFM804 i H FL AT 141 28 % 3 (1 il K
EEARL NUEAST N ] R T #d  ve
B 30 min J& , MR G PR ILF 8 A ek R R R
PR A% W A% 98 B | o— V€ B9 B A2 b 2 30 min DL,
546 AR g B I B 0 P, AT O X 3 3 ol AN AR
2.5 IEIE

FHFTFLIE ST ZEM804 AH 4 FLAT T8 £ A4 410 78 1%
PEATIFSE , 25 a0 2 i, 38 1 40 B8 2% A9 90 7 3K
5T, % 20 R 2N (L RE B5 410 i e R B L 4
ERI I ERTA | T 20 G A 2 0 R TR A o =2 IR
‘@%ﬁﬁﬁKﬁﬂmwnﬁ%miﬁ$w%¥
B2 G VE B A W B I HIRCR, 2 —Rh
WE.

3 itig
FLRR W A LRSS AR E M ERKAR X
SRR M E SR BE MR A 5
M) S B AH D [ N AR DR TR o
T 2R EA AR FLER A, A0 ARG B s I
1% G5 g & vh J 15 B 0 B i 06 1R AR Y T 1 FLAT
B, AR G i v A 2 R A% ik B I [ B2 1 A )
FLAT B HOU, D75 It 175 1 v 43 5 380 1 40 o B 1%
2R TR A i LT AR FLIR BT T Y 4 TR
7, HAERREKERBERAGTT AR
{%ﬁlﬁfﬁ?lmﬁm% S
Ao 1k B AT KOG F 4 1R 3R 43 5 4l Ak 1 Bk
%ﬁhﬂfﬁiﬁ&ﬁﬁﬁ%@ﬂnﬂ%&kﬁ
BRI H Y o B Al Ak ik HAR R
S, IR A TR 2 b A A 7 Y T2 A AR
o B, DR FRT R 40 B 2R Ak A0 IR 6 T A AR
R 2 40 B 2 AE B Tk b i o R AR A B
AR S 2 S T B = Ak 0 B 4l ik ZFMS04
HWAYIFLAEE 1) FIH XAD-16 KL G4 254
Y7L AT ZFM804 & [ 1l W, 19 2047 1 1 T 1
MU G AR BEWE ;2) BT AT 3R — MO IE FL A i
%%ﬁmﬁm%¥ﬁfﬁ S A=PRIFTEUN Rk
WA B EEA AL 40T R . 8 i SDS-PAGE £
iW%%ﬁ%%%%?ﬁﬁ%ﬁwhu
ARSCHIESE T AEAS TR ) pH A . 6 T
it () b BN X 20 BB I RS PR S R
ZFMB04 H8 W) FUAT T8 3= A 4 1) R Bl it 32 V4 A I
PAEE  TERRYE SR T, pH (E AR 30 BRI 1 5

\
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® 2 ZFM804 ¥ E AT & = KM E &
Table 2 Antibacterial spectrum of bacteriocin of Lactobacillus plantarum ZFM804

GG~ @ % AR T 2R

G S R 1410209 ot
43t & F H R HE D48 i+
M H # 2@ pet 20(S. carnosus pet 20) ++
¥ F B (S. muscae) ++
1 # HHRE pCA 44 ++
K #) 83K A (S. warneri) ++
BAFH B KB (S simulans) +
Pt Mg & BT LML (L. monocytogenes LM1) ++

G XA E +
A FAFH BAS2 T+
WA &) 45 Y TR A CMCC 50093 +++
AR &5 Y ITIEA CMCC50094(S. paratyphi-B CMCC 50094) +++
W F TR A £ B ARA CMCC(B) 47001 +++
B E S T RE ATCC 13312(S. choleraesuis ATCC 13312) /
A 1T KA CMCC 50015(S. typhimurium CMCC 50015) ++
ARLEAR B ML E ATCC 47085 +++

T o+, T B EHARAE 13~16 mm JEH ;++. IFEB R 11~13 mm {5 FE +. B ERE 9~11 mm EH ;- TIMECE,

VA AR FEE ST pH fEIS K R A
TR S M, X R B AN B 2R AR TR T AR R A
FIPERFE . — A 40 R B9 4 5 i /N e
i R, s F R ETE 6~17 ku B4
FE 4 100 CALFE 30 min 1fj AL ER X 5
AHE I B 45 R AR AT, ZFM804 # M FLAT B E 1E 100
CAL3E 30 min B, 7547 B S 0 90 P& 36 1 3 A X
ZFMB04 A M) FLAT T 2 90 141 33 i I o | & I H g 8
A LA 2% BH A R A 2% G R L )
T VR PR O TR A O A R AT R A A
ZEWTRR T P TTIRTE A . BEAETE & it b W FH 09 40 7
RN HARIEL 4 IR AR SRR A X
— A5 UL A B R A B Tl bz Y
WHE
4 LEig

A5 43 5 Ui 1 ) — bk VG R T R LR 1A
GEAAEFMEL . AL T M 16S tDNA %
FELE I K I FLAT R, A 44 ZFM804
FEAR Y FLAE TR ZFM804 11 & I 11 W v & AT 411
PRE M 0, O ELHERR |, HE STk S L v

A7+, F S B G R RS KRN B il A S
PR PE T2 O, w20 Pz ) o LA R R R
P R, KRALWE (XAD-16) 24T 58 FH &
FAZ 2T RP-HPLC =340 A 4l £5 1] 3% 41
W R 5, % LR T HRAR 2 BT B S I, & B
YDA 2 AT R TR AR R AR E Mk
W %R ,SDS-PAGE 73 #1735 F BT 29 R 15 ku,

X T ZEM804 8 W) FLAT W &R i& 75 i — A0 i
I, R AW e — A Al i Z AN & DS R LR T
B, 4 A B KRR R 5% HLAE I PIL I

-

% X B
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Studies on Separation and Purification of a Bacteriocin Produced by Lactobacillus plantarum
from Tibetan Cheese and Its Characteristic

Zhou Qianyu, Li Ping, Wang Lijun, Zhou Qingqing, Gu Qing’
(College of Food Science and Biotechnology, Zhejiang Gongshang University, Key Laboratory for Food Microbial
Technology of Zhejiang Province, Hangzhou 310018)

Abstract A strain of lactic acid bacteria which produce antibacterial active substances was isolated and sifted from Ti-
betan cheese. After eliminating the interference of organic acids and hydrogen peroxide, the fermentation supernatant of
the bacteria still had obvious antibacterial activity. After the fermentation supernatant was treated with pepsin, proteinase
K and trypsin, its antibacterial activity was lost, indicating that the antibacterial substance in the metabolite of the bac-
teria had protein properties, and it was preliminarily determined to be a bacteriocin. It was identified as Lactobacillus
plantarum by morphological observation, physiological and biochemical analysis and homology analysis of 16S rDNA gene
sequence, named Lactobacillus plantarum ZFM804. The bacteriocin was preliminarily purified by macroporous resin
(XAD-16) chromatography, strong cation exchange chromatography and RP-HPLC three—step method. The molecular mass
of the bacteriocin was determined 15 ku approximately by SDS-PAGE. The analysis of physical and chemical properties
showed that the bacteriocin had good acid—base stability: had bacteriostatic activity in the range of pH 3~11; good ther-
mal stability: 100 C treatment for 30 min still had obvious bacteriostatic activity, and could be degraded by proteases in
human body. The results of the antibacterial spectrum assay showed that the bacteriocin had inhibitory effects on both
gram—positive and gram-negative bacteria, and was a broad—spectrum bacteriocin.

Keywords Lactobacillus plantarum; bacteriocin; separation and purification; antibacterial effect



