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Abstract: [ Objective] To isolate and screen lactic acid bacteria from the intestinal tract of marine fish with inhibitory activity against
Vibrio parahaemolyticus and to investigate their antibacterial activity. [ Methods] Using V. parahaemolyticus as the indicator bacterium,
preliminary antibacterial screening was performed. The strain was identified through morphological, physiological, and biochemical
characteristics as well as 16S rRNA gene sequence analysis. The antibacterial spectrum of the strain was determined, and the antibacterial
stability, antibacterial mechanisms, and minimum inhibitory concentration (MIC) of its cell-free supernatant (CFS) were analyzed.

[Results] A strain, Y10-1, showing strong antagonistic activity against V. parahaemolyticus was screened and identified as Weissella
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confusa. The antibacterial substances produced by this strain demonstrated broad-spectrum antibacterial activity, were heat resistant (100 C

for 15 min), and exhibits inhibitory activity against V. parahaemolyticus within a pH range of 2.0~9.0. The MIC against V. parahaemolyticus

was 5%. Under the condition of 3 X MIC, the antagonistic effect against V. parahaemolyticus was the most pronounced. [ Conclusion] The

strain Y10-1 screened in this study exhibits good antagonistic activity against V. parahaemolyticus and has considerable potential for

development and application in food preservation.
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CaCO, ¥ F7 H: R0 ,37 CIEIR T IR 48 he HHEE KNG
AR 5 55 Bl A7 0 L SR ISR A B R 22 S R ICH AR
POTR AT A . A Ak TR PR I i 2 MRS VAR B 77 A
37 CHPE LG 57 24 he AW Z 4 °C .8 000 r/min & .L»

11



12

E Al 33 FUNDAMENTAL RESEARCH

10 min 43 &5 B AR UUE , 1% Wl 3 0.22 pm P8 I 0% L Ik
B TC T IR AR S TC AN M 35 W (CFS) o 2 B 4520 Y
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Table 1 Inhibitory effect of lactic acid bacteria on V.

parahaemolyticus
FEdh 0 B H A2 /mm E i 7 Bl B 4% /mm
Yo6-1 10.14+0.76 Y10-3 14.3040.88
Y8-1 17.4240.65 Y10-5 15.6140.14
Y10-1 18.54+0.61 N-4 14.7940.58
Y10-2 12.88+0.71 S2-2 12.60+0.32
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Morphological identification of strain Y 10-1

A1
Figure 1

I 2 AT, 22 200 R FURE RO L AL | B2 AN
R AT A Ay e — g R T R Y 10-1 R, 78 I R e ik
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Table 2 Physiological and biochemical characterization of
strain Y10-1
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222 16SDNA%E HHkY10-14 16S rDNA T, H
B, i S F S 1 474 bp, #1 F§ MEGA 7.0 %CF X B Bk Y10-1
B 16S rRNA 2 [ 5 51| 5 NCBI A 17 b il 485 3 3 bk k17
ot M RELEEM(E2) . SR BN, ZWEkSmE
B IR ICM 1093 2R T [al — 43 3¢, WU M35 51 99%., [
W, W] ORE TR BR Y 10-1 28 5@ il 5 B IC I (Weissella

FEER% A mITERRARATRE Y10-1 8 0F £ 5 E RMEE TN

99 Y10-1
70| | Weissella confusa JCM 1093" (AB023241)
100 Weissella cibaria ACC 11862 (AEKT01000037)
Weissella muntiaci 8H-2" (MK774696)

4100L Weissella oryzae SG25" (DF820520)

100 Weissella uvarum B18NM42" (KF999666)
L Weissella viridescens NRIC 1625" (AB023236)
Weissella fangxianensis HBUASS1963" (OM943160)
100 Weissella sagaensis X0750" (LC438526)
100 [Weissella hellenica NBRC 15553" (BJOF01000040)

—
0.0050

B2 KT 16SRNAMEEH# YI0-189 & %L FH #
Figure 2 Phylogenetic tree of strain Y10-1 constructed

based on 16S rRNA gene sequences

confusa)
23 BEBEKE YI0-1M EMEFEESH

o J TR AR S0 A A 8 2 R R BBk Y 10-1 X P
damselae \A. caviae . A. hydrophila Il A. veronii 4 Fj £ fih X
0 T 349 H AT RS A I BRI L 0 AR 29 ™>19.00 mm (L
F3), BoR b BRAFIY) G GE T o X P damselae (14
il b, B bR Y 10-1 A 40 T B8 B 4% = T Zhang S5 1R
A. hydrophila /] 1) 1 B 71 5 Govindaraj %27 ) #1 24 .
Dinger L2 SIRE 9% % IR, Enterococcus faecium 168-P6 Xf £
o TR S R R B A A s, Sl e b bk
Y10-1 RIS 7 B e o TR, 3 O U ) B B
Y 10-1 X5 £ AP A T 0 41 o R AL T KT, R
WA IS s AE 1. 4% LAk Y10-1 B B0 1%
B 2 1R T TR A A 45 A

£3 BMABNKEYI0-1 CFSXMAk=RE RBREMN
ME1ER
Table 3 Inhibitory effect of Weissella confusa CFS on

common pathogenic bacteria in aquatic products

93 L T MTE P B A% /mm
P. damselae 19.9240.59
A. caviae 20.504-0.42
A. hydrophila 20.43+0.18
A. veronii 20.394-0.86

24 BEBWKE YI10-1 £ KSR V parahaemolyticus

i i & AT

W3 TR i R RR TR RS 37 4~16 h ) [a) b X #ik &
WL 45 5% 16 h R B W I B R T . B & T RR E U
) Py B A K, T8 Y pH (B AE 16 h G T B &
3.650.2,20 hIN 4 TFa E 3.2400.1, 2 W% W bk B AT %500
14 7= 12 fiE 11 ; Shao %52 i3l i) 24~ 4% U5 7L 141 76 6 h I 3%
B 6 B R, AR K R AR F B AR Y10-15 F R
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Figure 3 Time course of growth and antibacterial activity

of strain Y10-1
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PL X V. parahaemolyticus 3¢ 30 H B 5 1) 7100 T8 AL SR, 40
Kanjan 257 3 38 19 £ 52 80 0 IS B (Weissella cibaria)
KY 10 %t V. parahaemolyticus M # H4E 7 (16.31£0.7) mm,
CFS % H R 9 0 0.9 mg/mL ; Chen 25 P44 8 14 7 B 3
W7 (G B (Weissella hellenica) ¥f V. parahaemolyticus B &
P E 428 (152420.4) mm,CFS & M 1.1 mg/mL.
2.5 FBREEHTIKE Y10-1 CFS#IH V. parahaemolyticus B

#ImEE
2.5.1  FEMOURAEES A ORI R A A T
MY TR AR AR — Y, h R 4, R Y 10-1
CFS X A AR [ R 2 1 L o 28 25 1 i R R Pk 25 11 il
58 A HUR , 28 S T M o8 A e 5 L X A L
A AR B o R R . B
A 3 A B M AR BR R I T LA R I AL FR AL,
F W TR PR Y 10-1 [ 7 A= 0 410 581 49 JoT il T R At 2 L 2R o
T IR AN Z o 2B R R LT T G IR 1 I
HE AL RS 40 B MR R 50% A2 AT, W0 B g i A
A 0 B Ry L S 5 R R AR TR T R S O A 4 M L
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R4 ELEITEB Y10-1 CFSHIEFEMERNHMNE
Table 4 Effect of enzyme treatment on the antibacterial

activity of CFS of strain Y10-1

fif i 24 T 18 142 /mm T MR /%
ANE — 100.00°
JB2E 1 — 100.00°
Uiy £ 7R 11 il — 100.00°
R 2 1 — 100.00°
r 2 1l 13.24+0.65 27.57°
i S AL 16.83+0.77 7.93¢
H 4 17.42+0.33 4.70¢
it BE 2 18.2840.26 0.00°

TSR NG T REAN ] R 28 57 i 3 (P<20.05)

¥ 8 (Limosilactobacillus fermentum)PG-9 , 1% Btk & T
25 15 H A B AR R T 5 A R LIRS A, 2R
AR R AR I KA 3RS DN 2R 2 40 4 T A L B —
AR E R A AE A S R N E AW . &L
A5 2 %A TR ) T N A A BRI A A T BE NN
SN A N NS E A I A %0 WA NG a7 D TR
R UNNAE ¥ A

252 MAREMIKE mE 4T, WAk Y10-1 CFSXT V.
parahaemolyticus W1 T 1% HE7E 20~80 ‘CA4b ¥ 15 min J5 {1
FERGE , 100 °Chb B /5 73 8 B 91.21% B9 I 75, 5 #h JK H
A Hu 451 J Qiao 5V B ST 4 AR L. SDS-PAGE
50BN TR Y 10-1 T 7™ 400 B ) IO () A KT 3 - o e 24 Oy
S5/AT . HT Class 11H 4 18 2 EL A 35w il FARE P AR X
O 25 O 3~70% A0 A HE T T PR Y 10-1 90 A B AG 30 T
Y BT fE A Class TRUANT & . 25 L, FLBRTH Y10-1
JIT 7 00 TR ) LA R ) BER E E  3X e M L RE 8
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Figure 4 Thermal stability of strain Y10-1 CFS and SDS-

PAGE results
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OB AR 75 B O TR P AT B R
253 pHEGEMIAE 3RS H, WK Y10-1 CFS X
V. parahaemolyticus [ 30 i 36 M 5 pH 2 W3 A 56, 1E
pH 9.0 T4 (11.0040.60) mm {1301 8 B 4%, ifii % ig
20 (pH>>3.0) % Pk o8 42 5% o (E13 1 B M2, pH 2.0~9.0
T [T P 22 R 0 0 20 {300 T 3 o W AR, R
X V. parahaemolyticus 0 il F 7™ A (47T T 490 o 7 TR Mk
PREE T 0P AR AT . IR pH A S 40 TR A AL
FRAIW) A , Zacharof 552 & BLER M £ 4 7T A3 58 200 7 3%
595 TR T IR R XU I 25 A R R T . T ELAH B TR A
S T A I B W R A pH 7.0 B L St G0 1, T4
JE B g 45 R K W B B 8 Bk B (Leuconostoc
mesenteroides) WIY-6 4l T 2 7E pH 3.0~5.0 /iR 4 5 144~ %t
4 ¥ {08 4 BRI (Staphylococcus aureus) B A5 Il /E H ,
LA J Peng L l45L 9 SE 1Y Lactobacillus plantarum SHY 21-2
20 B 2 AE pH 2.0~5.0 FR 1k 4% P 1 nl & 45 40 B B PR
Y 10-1 77 A3 &0 0 1 R AR M B 47 . Cheen 550 4
W. hellenica It =M & ZE 75 pH 2.0~8.0%F V. parahaemolyticus
FLA 0B M Singh ZE R G N B P 4 B
Weissella sp. GMP12 Zl T8 % £ pH 2.0~6.0 XJ % # 9L &
(Vibrio alginolyticus) W) 2E & & B B 5 i) 30 I 4E FH o A
W2 R R Y10-1 A 580 pH AR E T . 28 b fF 1R
PEAAET il 2R 30T G T 7™ 26 A 30 18 ) B e R #8 sm AE Y
TS, BEA 8T8 00 pH AR E 1

x5 pHXE# Y10-1 CFSIIEFMHAZ M
Table 5 Effect of different pH levels on the bacterial
inhibitory activity of strain Y10-1 CFS

pH T 2140 7 P 42 /mm

X IR L0 B A% /mm

2.0 19.8140.50 12.73£0.04
3.0 18.2240.30 10.994-0.26
4.0 17.5440.24 —
5.0 16.874-0.47 —
6.0 16.3140.54 —
7.0 15.4440.27 —
8.0 15.0940.38 —
9.0 11.00=£0.60 —
10.0 — —

b AR

FLIR TR ™ 25 1 30 TR ) BT £ i ATl B A T Y
il S, W0 R N T 7 5 L AT 1 (Lactobacillus
delbrueckii) M2 F 18 X F # & & m A T W F
(Lactobacillus delbrueckii subsp. bulgaricus) M6 )3 i ¥
JETE pH 3.0~9.0 B A BT AR 1, HAEve BF N 8 4
] i SRR 2 P MR I 3 s b B R B B RCR o T

BEERS -FEHREIBFNMERMSRITKE Y10-1 005 % L ERIMEFEFMN

PR Y 10-1 7 A2 B9 40 B8 ) 5T 7E pH 2.0~9.0 35 il I BE i3 2%
BRI R T A A o ol v i o7 FH e
26 BEEEHTIEKE Y10-1 CFS Xt V. parahaemolyticus HJ

RINIE R E

P& S AT, B 25 FLER B Y 10-1 CFS ¥ B2 i 38 m , v
parahaemolyticus 1) ODg, & Wi W /N , £ B ¥
parahaemolyticus 4= 1< B MWl . 24 B Bk Y10-1 By CFS ¥
J£ =5% IF, ODgoo 235 T B, 35 57 & T JG P HIR T L 7% okt B
% LA TE MW 2R V. parahaemolyticus " K 9 i 25 14,
FLER B Y 10-1 CFS XJ V. parahaemolyticus i) MIC #% i i&
R 5% Liu %54l 1 R 532 W IR 2L AT 181 (Lactobacillus
coryniformis) 7841 [#) CFS X} V. parahaemolyticus ¢ /N 1 T#
e B f9 10%, Shangguan %65 4R & Al T m& L AT &
(Lactobacillus paracasei)LL10 [¥) CFS X V. parahaemolyticus
B /N e JE N 6%, Woraprayote 22V R 1 W, hellenica
BCC 7239 ) CFS ¥t V. parahaemolyticus f5c /N 1 e FE
6.25% ,FH L 2, filt G BT (R B Y 10-1 37 7 400 1 4 o RE 7E
A B30 1R R R XV parahaemolyticus 35 3 5 I 4 410 i
ORI H B A B0 R g o

1.51
1.0r
93
0.5r
Py I e
0.0 25 5.0 10.0 20.0 40.0 80.0 100.0

CFSZHk

Final concentration of CFS/%
BS5 BAAY10-1CFSREADTHRELER
Figure 5 Results of the minimum inhibitory concentration

of strain Y10-1 CFS

27 AHBFERESN

FLRR BB R G0 0y Rz — il & A e &R
A ek AT S5 R G AR 7 L DA A R R A S
KBl &AM AR . K 6 AT, R 22 bk Y10-1 CFS A
FRIW V. parahaemolyticus 5t WA KPR S F 6 HIE &5
B, 4 1XMIC CFS A B 4 h )5, V. parahaemolyticus 5t &
PE T b A AR TR R 3 T HE R A R A 4
2 X MIC Ak J 52 B0 40 i 205 14 A 52 8 11 K 4 i BE =2 45 I 42
BE— PN I ) BRI A0 2 LR 5 3 = 3 X MIC i), 4
JitL 58 M 58 A O A IR TR A 8 e IR AL AR . 25 I
b % FL 2 B Y10-1 CFS #ll B 4 it ok B2 09 3 i, %+ v
parahaemolyticus 21 J 25 14 (4 0% I VE B B o, 2 90 1 o
P PR P 5 SO A RIS A AR — B
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(c) 2XMIC (d) 3XMIC
B 6 B Y10-1 CFS 3t V. parahaemolyticus m i, % #1 44
b

Figure 6 Effect of strain Y10-1 CFS on V. parahaemolyticus

cell structure

3 ghi

AT VG Il 0 v Vi £ g G v 3 O 3 L1 R AL B AT
FCBE Y 10-1, 12 T Bk XoF @I 1% it 10 T2 334 B EL AT 0 o 410 4 £
FH, HAM G B E AR 35 (18.54220.61) mm. B 56
WoR RN AR R VR IR AR R R O A
Al 5E AT BRI KR Y 10-1 CFS A3 1 35 4, e o i g G 3= 2
T PR R4 A 2 11 BT o 1% R T R L T WTE pHL 2.0~9.0
TR <100 “C Bl Py s w1 375 1l 9 B LA 4 o A 5
S /N R BE S 5% , ELTE 3 A dm /NI TR VR BT I I 3R
WA R o 2 B . 5 LB A BT IR Y 10-1 FE BN T
A7 Ml B 5 A4 s B A 4 o 1 o LV g o il B [ I Y 10-
1 400 BT 395 P = B AR 1 2 A0 L LR 5 A R AR R L
il 1 A B AT o S B A IR M T 43 i Ak S A5
Y, LA AR B 21 2 O 4 s A B B
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