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i FARUE M AR Ty ORI R 3 A R LR T
MR FESF T 4 REML 1 KE T
B 3% (Lantibiotics ) , L B F RFAE N 70 TN S 16 A
) 468 i 2 ik TR Bk Bk ———F & 4 2 & 2 (Lanthion-
ine, Lan) ¥ B—H &3 F it & 3L BR (B—Methyllan-
thionine, Melan), 55 2 A& FE B A LR
AR, — o T RN GEE /N T 10 ku) , JF
HEA R IESE il 5 7E N- Ao A — B
9 18~21 NI AAE Z IR 5 2 284N R oy
N2 R 2 (Ta) K40 2 (1) A& 41
W R (le)3 26 Ma HA SR R R N s —
B A Tyr—Gly—Asn—Gly—Val-Cys B P& 5F 5 51 .
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7% a ZEANT o 1T P 2% 201 3% i 2 058 2R A3t
[l A AR BT AE T Tle WSS 2 2B rh AN T2
ME R EMER, B 3 KERBURR I TH
H (LHLP) , 53 5t 53 5 K T 30 ku, 4 AR
MRS WA, 8 4 KRBT KA SYEE
U EAE S,

KT LR A0 R R YU S RSB T, A
SCHR SR FP 7E LR TR AR 2R 0T BBURRR  B B4 /
2% FAFFHLBE T3 1112201, LR B A0 11 2% ] 7 U A
20 B R L st K AL B I N R
240 L A TS0 T AR R I P R A ()
I DNA FHZE & | S B ML A0 T B B2 i F
FE S Bl — L L R VA 20 1 3R (AR vl LR o AR A
YW 9 I B,

WF 5 A1 BA R 391 07 26 4K 45 Class Tla 28 5L AR B
Y &K plantaricin YKX  (Lys-Tyr—Gly—Asn—Gly—
Leu—Ser—Arg-Ile—Phe—Ser—Ala—Leu—Lys), X} K/
T EA RO R KPR, BB R H A Yot
JERIIE B, A B AR AR |, #F5E plantaricin
YKX X KM #F 1 (E.coil ) ATCC25922 A= ) 4 15 )
B AR HIPLEE, S R AT 1 7 2 42 il F 5 K
FLIR VA A0 0 2R B0 oA LB o SR R A R T LB

1 MRlEF®E
1.1 HRS5HEH%

K ¥ R FF B ATCC25922 3k H & [ fi
AP TRFR LI G, SR LB Ri gL BE IR LAY
R 10 /L, BEREEEELY) 5 /L, AN 10
g/L., F 5 mol/L. NaOH 75 pH H % 7.2, E&H % 1
L,121 CK 4 30 min, [BERREFRIEINA 15%5 08

Y TR R 77 A N AE W) FLAT I (Lactobacillus
plantarum) YKX 43 25 H Bl R % U & A8 X Al 2%
. SR A MRS K32 L8R 5% B o8 B AR 10.0
g, BB 100 g, BEREE 5.0 g, FBER A 5 2.0
g, H %t 20.0 g, 178 80 1.0 mL, Z RN 5.0 g, i
ik AU 2.0 o, BLFREE 0.58 g, iR %R 0.25 g, Bl
18.0 g, 7&K 1 000 mL,pH 6.2~6.6,

VR R 5 01 O B i T T, AR CEE 4 °CUK
Farb o IR AR IS0 L 7E FH b %5 3 4 B A
rh ik AE-80 CHBAR IR VK AR

1.2 #HEZ plantaricin YKX # & R 44k,

0 O AR Y FLAT T YKX 9 & e
DTEEDE 2 YR (8 000xg 4 °C .15 min) , 54 Jd i £ I
T, 28 0.22 wm JERE U8 J5 , B R JC 20 | 35
(Cell-free supernatants, CFS),

K B B2 4 DT 3E . SP—Sepharose FH 25 -+ 22 #i
{43%% (80 emx2.0 em, Sigma , USA ) 1 52 M 55 5% 1 AH
3% (RP-HPLC, Agilent Technologies, USA ) 4li {
A+ plantaricin YKX!", KA FLAT B YKX F bR
(9 CFS R H ¥ VR T 8 H AR Ve 4 2= 00 i I AR 1/
10, SRJE AR AR 8 ZAR B KL 80% AN ,4 °C
THESERIE, SOWETNEEEZES 20
mmol/L B R 2% M (pH 5.0) H , ¥ — 2 5k F SP-
Sepharose JEZHTAE AT 4li4k . & J5 >k H] RP-HPLC
Tl S WOAH AT 2l Ak, Al A B g — 20 BR Bl
LY BOEPLLR + 18 PR ZF AT 1 (A licyclobacil-
lus acidoterrestris Y DSMZ3922 Jy 48 715 B I & #1154
BUR . R Bradford 1505 £ H e )

1.3 S/NMIERE (MIC)E

W B W ny K AR R AT
ATCC25922 & 100 L inA 96 FLAR 43
SE AN 100 WL /Y 2 % 57 & e 2 A6 B2 1Y plantaricin
YKX 75 9 {75 4 i 28 5T 2 9k 5 4300l R 4,8, 16,
32,64,128,256,512 pg/mL, 30 CF}iFE 24 h )5
R VA U3 A 3 A D A7 3% K B AT B ATCC25922
HRMUEL, KIGAF T ATCC25922 40l A= 4 4 il 1)
55— AN i W B R plantaricink YKX [ 52 /N 10 B8
W s (MIC), XFHRZH¥SHn 100 pl pH 7.0 /Y 10
mol/L. PBS ZZ i,

1.4 ZREFEEWN

i JBCxE 23] mh 0T B K B AT R ATCC25922
W 100 WL 23 B A 96 fLAR #2351 A
100 wL plantaricin YKX %50, {15 48 7 2 2% o7
VR FE S 1/4MIC, 1/2MIC 1 3/4MIC. ( Ay ik 6 DK 55 Jo
iV FE plantaricin YKX XJ V7 Ui K W AT B4 40 i i)
A KAE T 3 A s i s T4, R
FHE 0 B e BE Y plantaricink YKX),37 CF #5573
d R A YT i, X BERZH AR i 100 L
pH 7.0 ) 10 mol/L. PBS 28 #hif , W 25 4L P B 77 1A
W, JC T AR B K AR 2 v e A= W e B P Y s [
15 min, B FEH A, KT, IIA 200 pl., 2 mg/mL
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P45 i 58 e £ 20 min, {85145 5 58 FHZ8 TR H vk
e E AT B4 FLINA 200 wl 95% & B4 IR
(100 r/min) it 2 30 min J&7 , W HL 100 L Yl 2 5
— 7 96 FLAR T, EEAR G E 71 595 nm Y
oD fH.,
1.5 KB EEYEERE %010

Z% 1.4 Wik, #ils KA F# ATCC25922
AR L WL BB, P ZR AR K Uk 2 I 2
BRI 08 TR o FH G RS Sk R IS FL A= W B, 0 i) e
B 2 o5 — i 96 LAk b, A 200 L Jo i AE B
EhoK, A AL FE 10 min 2 LA LS, A T LB
R RE IR 37 CHE 3% 24 h, ST HETEITEL,
1.6 PHEBEUE

2% 1.4 Wik, & KRIBFFE ATCC25922
A= IR (5 P G A A B R AR R R R LR U TR N
A 2.5% 0 R REV W 5E . PBS 28 plORIEUE 2 IR
Z a5 i H 50% ,70% ,80% ,90% ) £, B i 7K 15
min, iz J5 FHTCK GEEMLK 2 ¥k, H GBS B R 5+
TR B TR A W (RFR EE 1:1) A BRAE 5 30 min, FHH
SH I R S IO AL FRAE 1 ho I S TR RS
i SU-8010 74 37 & 555 451 4 H B WL A s
1.7 HMAHEREERER

Z% 1.4 W)k, Hl& KRIBIFE ATCC25922
AR i G TR AR BR R K Ve TR R . CRA
LIVE/DEAD  BacLight Viability  Kit
(SYTOY/PT Yek})25 C i fa 30 min, T30t
R 4 B BT B (1000 753085 ) 3114, SYTO 9 %
R H 480 nm, KRG H 500 nm . Pl A I
K 490 nm, SN 635 nm,
1.8 WHEBREMNE

Z% 1.4 Wk, Hl& KRIBIFE ATCC25922
A (G B A B R K e 25 IR U S 10
pg/mL FITC —ConA 1Y 3% Bl 37 °C kO 44 {4 30
min, W 2R G EWBOF A BRE KR LR B )5
F 9 BB (1 000 7530 BE ) F14%
1.9 #IESHITAE

B S5 R (s ) J7 2K FIHT SPASS 18.0
B R 25 3 FF ANOVA 43, P<0.05 2 5 18
EN

Bacterial

2 HERERW
2.1 #RE= plantaricin YKX &4k # &

afi 4k T 75 LR W 40 A & plantaricing YKX )
RP-HPLC 3% 40181 1 fi 7R 2, 7 20.8 min I WL £%
BB i A 0, DL A S SE I = T AR Y
SR —3, ULWIAS B 5T o 15 2 5 2 RE (Y plan-
taricin YKX, - F )5 2256

0.40

0.20

0.00

i) SO
Response value/Au

-0.20 ) ) ) . ) L

0.00 8.00 16.00 24.00
VL 8]

Elution time/min
B 1 4B BREMEZ plantaricin YKX K

RP-HPLC Ei&

Fig.1 The RP-HPLC spectrum of purified bacteriocin
plantaricin YKX

A i fk plantaricink YKX B9 = 2 ik & LR
AT R A A R 2 T gz T alifl
il 28 H T L R AE 9 FLER oA AN R 2R, R U plantaricin
163 .plantaricin  FT259 .garvicin DA M enterocins
TA Fll 7B SE482851 - plantaricin YKX A5 7 £k il
D5 % R HE ST A SC IR BRI BT T e 4 R A
PEAEEAR PR
2.2 plantaricin YKX 8 MIC fllzE

Bifi % plantricin YKX BT W FE W38, K
FFB ATCC25922 & 4 MU BT e Wil 2 7, >4
T S5 R o 5k 88 240 71 2R I, LSS A Ao 400 7
ROR YA R B T2 32 we/mL B, K
FF ATCC25922 A K Bl . A it plantricin
YKX B X KM FF B ATCC25922 1 fic /N 0 TR vk 2
FE SCH 32 pg/mlL,

2 BN Ay LR TR 20 TR 2R 0 2 22 TG P P 7R
A RAFRKAERT . DU A= A BR ) 7L IR 7 40 T4
R AR TT & v RS — o Bl A LI T 40
RUPSTHI T IZ IR, ORI 22 (4 77 35 i 3l i 18 3R
e X 2 [ B A R R B e R S B AT R R RRCR
T BTRR IR, A [R) 20 7 2% B K A 1 1 MIC
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U B A0 M 5
Cell numbers of sensitive bacteria/
lg(CUF-mL™)
(=]

0 8 16 32 64

128 256
plantaricin  YKX Ji 3 ¢
Mass concentration of plantaricin YKX/ug-mL™

B 2 plantricin YMX 3 X+ E KX FHFE
ATCC25922 W& /NI iR BE
Fig.2 The MIC of plantaricin YKX against E. coil
ATCC25922

(EAT PR ANTR], 3 22 2 i 2 T 0 32 4 1k o 4 e
o A TR 2R 0 R A 1A MIC Y8 LR 8~64 pug/mL,

*A1
Table 1

A3 plantaricin YKX &1 XF KM AT 5 ATCC25922
) MIC 24 32 pwg/mlL,
23 GLBELBENKBHEEWHEROTR
0 %l

K45 il 58 e 015 5E B2 53 AT plantaricink YKX
XF K A FF B ATCC25922 75 L A 9 28 B 51 T2 %
A= WIRSERE 1 B0 IR 25 SR AN 1 BRI A
W ¥ plantaricin YKX % K 7 #F 7 ATCC25922 4=
YR A — W mEfEH . BE%& plan-
taricin  YKX J 5 4% 3 K, B OD s, THAS W75
/N, KIBFFE ATCC25922 A= 985 B TE BY i bl 5
plantaricin  YKX Ji7 5 ¥ B 19 384 i 22 B0 Pk 34
Y plantaricin YKX 5 5 ¥¢ B2 38 fin 2] 3/4MIC
W, KT B ATCC25922 A= ¥4 BEE B 41 il 2R ]
K F 50% L L

ARERERE plantaricin YKX 3F K B #F & ATCC25922 4= ¥y # FE 2 B #7 1 22 9 52 M

The effect of different mass concentrations of plantaricin YKX on the formation of biofilm

plantaricin YKX i 2 K & 0

1/4MIC

1/2MIC 3/4MIC

LR/ EiEIETDA 0.2+0.32

16.4 +3.8

25123 58.7+5.2

24 KEHEEYHEREZITHER

Xt LA 3/4MIC  1/2MIC (1/4MIC J5 2 % B (1
plantaricin YKX &b # %) F1 5K &b P 33 09 K A+
ATCC25922 A=Wy wi BT H8, 45 R W | AN [) ot o vk
J& plantaricin  YKX 4b #5054 7% 0505 %) 41
ML, BEFR (P<0.05), 3680 & Wk B 1Y
plantaricin  YKX RE % ) /> A= W 9k J5 vp i) 17 1 %,

H W% plantaricin YKX J51 2 ¥ B2 A9 38 i, 30 il 2%
SRAH N G5, 55 2 i 58 Y 0 5 R — B, TR VR
T4 45 F Al % B plantaricink YKX 68 98 3 il JE 1
YR KA ATCC25922 AW 455k
IR 2% T 58 e 0 R0 B 95 T B4 R A5 1 plantaricin
YKX X K FF 5 ATCC25922 A= ¥y B il HoA —
SE AR

F 2 AERERE plantaricin YKX 3t 4 4 4% BR B & 1T H % T

Table 2 Effect of different mass concentrations of plantaricin YKX on the colony count of biofilm

plantaricin YKX Jt & /& 3/4MIC

1/2MIC 1/4MIC 0

4 % & xF 48 g(CFU-mL™) 7.4+0.72

82=+1.1 9.8 £0.83 103+1.2

2.5 #AEZE plantaricin YKX 3t X B 4F & & ¥ #
FE B #1014 R

mE 3 iR, K4 plantaricink YKX 40 3 ) K
A ATCC25922 JE )il 1 45 B0 W AE I I
M £ 12MIC plantaricin YKX 40 P15 09 KW #F 5
ATCC25922 A= Wy #e i 45 4y 38 B IR | 3 1T 40 A i
BREL D | 53 A R, 20 TR 50 A T TR

26 HMALAREBRHEVNREYHENFTEM
REHE

HE— 25 6 1 9O BB e 8 38 17 2 B 4 0L
g, TS SYTO-9 Bl &kt 1AL R 2§ Pl
Qe 2L, G5 5P 4 JT o, X R A 0 R A 1 7
oy AR AR W R N T T AR B R £2 plan-
taricin YKX ZbBEf 2 , plantaricin YKX 7 7EH 1)
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(a)R £ plantaricin YKX &b 2

(b)Z: 1/2MIC plantaricin YKX 4b 3

B3 KEHE ATCC25922 £ ¥ H A BEMUESE
Fig.3 Scanning electron microscopic morphology of E. coli

ATCC25922 biofilm

X 2

SYT0-9 %L {5,

BILER

B4 IR ENE plantaricin YKX 4b 3B 70 5K 4b 32 69 K 7 41 B £ ¥ # IR Hp i B F1SE & (1 000)
Fig.4 Confocal laser observation of the live/dead cells in E. coli ATCC25922 biofilm with and without the treatment
of plantaricin YKX (x1 000)

AW IR B AN TR A HLAE TR R R Ak B ) X
MAZRZ
27 RABRBENBREVREZENRMER
2L B W 1/2MIC 1Y plantaricin YKX 5 K
[ FF T8 K AF T ATCC25922 A= ) 4 i 3k 85 3% 3
d, FEAE Y IR US|, 76 1000 % i 5 2¢Ot W 3%
BE N WK R LA 2 BE R AR, 45
mE S Fros, XA LUE 3 1858 B
L 4h Z 88, 5 T8 B ATAR 20 TR % 2 B 47, 5 A
It ,1/2MIC plantaricin YKX Ab 3 20 2¢ ifg 5 22 4 43
WAL A A B R AR, U0 TR R B plan-
taricin  YKX 6898 547 i 30 KM AT T i RGBT
ARG T 2 A R R R . AR
RBE A R HICRE S5 B B, AR 2 N = A )
JEIE i B b i S EOP IR 2 — . AR A AR A R

(ZE B — R A i B B HLR &R 2%, Bz i
ZIRZE R0, 40 P 7 T 28 A 2 1 A B i A 3
—ERREE , RENFGS sh, b5 405 2 R AH
BhORE oAb BB, O AN I ST 40, TR v
L 2RI 22 40 i AT B 25 4 | S5 2T 1 A ) 5
YR AN R S 20 B KR 4
VAR, FE AR BOE b, 2 5 A R R AR
IEEFRY I, W IR RS B8 R 3R
B sz 71, LA BCAE A W) ST AR 25 K T i v 7 3
HEAEH, MR A Y0 B R AALRES LAY
FELEE KA 1A 52 2, U 2 14 T A TR A= ) B X A 3R
M EUENE . FITC-ConA ZREMS S D2 H & KAl D2
T 5 e 25 6 T 5, DT AT LA i 2 O
WLZE FITC—ConA HY 2GR EE 434 5518 B0, 3 1
LR A WLER i Sh 22 B AR A



34 hOE R IR 2022 445 11 1

. - -

- - -

I R MR SELEF AT as R
B 5 WEBHEME plantaricin YKX 3F kB 4HFE ATCC25922 £ #1# iE & #ERI F M 4E A (x1 000)
Fig.5 Fluorescence microscope observation of the effect of plantaricin YKX on the biofilm
polysaccharides adhesion (x1 000)

3 i tibacterial activity of thymoquinone, an active prin-

A SCER R T S5 % H ) 43 B T 15 plan-
taricin YKX Xf KM #T1# ATCC25922 = ) 4 B
P HIVEH S HALEE . plantaricin YKX 1 MIC 4
32 wg/ml; 45 0 40 g o 45 SR R £E 3/4MIC 1
plantaricin YKX fEH T, KIAFF 1 ATCC25922 4
YW 25 et [ i T i SO D 3 R
4 H 5 W %2 2 plantaricin YKX &b B K B #F 1#
ATCC25922 My Wil (4540 1 BRI o dt
REG LR, 4 plantaricin YKX 402 ) K B 1
B ATCC25922 A=W 9, A6 1 R0 b AR Ak B A o
MRAH AR 225 9 YL kA & 90 i il WL ¢
25 7R, 1/2MIC plantaricin YKX &b ¥ 2 7¢ g 41
ZHEIT IR o3 A B R R o AW ST A SR T
20 i R plantacin YKX B8 % A3 &4 40 1 K W #1 18
ATCC25922 =R L

5

=z

% x B

ST, WAk, BRER, S AN [ IR AR G U
AT W AR ) ORI S ma ()] b R R
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Inhibitory Effect of Plantaricin YKX on the Biofilm of Escherichia coli

Liu Zhe, Hao Qian, Wang Jinze, Ren Ting, Pei Jinjin", Guo Yaodong, Jin Wengang
(College of Biological Sciences and Engineering, Shaanxi University of Technology, Hanzhong 723000, Shaanxi)

Abstract Escherichia coli, one of the most important foodborne pathogens, was able to form biofilms to increase the
environmental resistance and cause foodborne diseases. The purpose of this study was to investigate the inhibitory effect
and it mechanism of the bacteriocin plantaricin YKX on the biofilm of E. coli ATCC25922. The results of crystal violet
staining suggested that the treatment with 3/4 MIC plantaricin YKX made inhibition rate of E.coli ATCC25922 biofilm to
reach more than 50%. The plate count experiment also indicated that the subconcentration of plantaricin YKX could re-
duce the number of viable bacteria in the biofilm. Scanning electron microscopy (SEM) indicated that the E.coli
ATCC25922 biofilms treated with plantaricin YKX were sparsely distributed and their structures were destroyed. The
biofilm of E. coli ATCC25922 treated with plantaricin YKX was observed by laser confocal microscopy. The number of
viable bacteria was significantly less than that of the one without plantaricin YKX. When co—cultured with 1/2MIC plan-
taricin  YKX, the extracellular polysaccharide secretion of E. coli ATCC25922 decreased. This study provides a new
method for the control of Escherichia coli.
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