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WE %A T XA % I E (Vibrio alginolyticus) iy 47 5 35 M FrpLIE 3 A 2 % A TR A A
EIE B /AN E IR EMIC), &/ANFHEREMBOFMAEK HL, AREETHRAEEINEFNINE
s MEARKRENREFRERSHFENEERR G, W& EER P H MR BEAKP)E ® .
MEE, AENEENHRE, MR REEINTh, HARELTFRAFENENREANE, &
RET, % FERERIEN MIC #1 MBC 25| % 4 mg/mL #1 8 mg/mL. % & F B 8 30 7% %
INHE g E R, W n e R AN, WR A BRI R, ERAH N AR, IHRAEINHE
MBI BRERN . AFARABEAR S TFRINFEENENERAVNEL R T RaFwELal, v Hp#k

KA B I R R R R AR T AR
HRTFH; AERIE; WEVE;, apkE; EHE
XEHS  2095-9869(2025)03-0212-10

KA

hESEE S945.1  XHEEERIDAD A

% ¥ N B (Mbrio  alginolyticus) 2y 9K & &
(Vibrionaceae) . 3N & (Vibrio) i JC 2546 . JCIEHE 1) v
£ RBIRIR AR 2 NIRRT, Tz A Tl K
A FIK = FRFE IR R X Rk ™ sl A AT 2L
Tk (Ahmed et al, 2016), ITJLAF, % EENE & 51K
7R VR 3R BB E T 1 3 B ) Z — (Zhang
et al, 2023), HINGHBRG AR SEH M, BHHK
Y A R S 45, 2014), R YL I 28 T BUIE i 20 TR
B AL JiE (bacterial vitrified syndrome, BVS) (T E[J B4,
2021) BT IR 2 AR A SE % (acute hepatopancreatic
necrosis disease)([F5 54, 2018), SRANZHE(Vera et al,
1992)8% A {# £E-5-1iF (Sandaruwan Kumara et al, 2017),

JB% YL % B2 (Portunus  tritubercularus) AJ £ 4~ 43 5
(B 2R, 2000) 81 F ik (FRPEAE, 2009), &GRS
(Apostichopus japonicus) 1| #( J& ¢ £¢ & 1 (skin
ulcerative syndrome, SUS)(5K U4, 2015), IHAb, Vs
ST R IA RES | 2 D1 28 & (Yang et al, 2021; A E 4
45, 2024), AR IR E BE KRB 5F R . I,
TF R a8, 1o AR BTN R 25 900 © R >4 1 7K 57 5E
YR B IR B R 2 —

ARG DLy 25 [ B 40 TR 3% A0 RE AR P Y
v I AR 5 1K (Mibrio: par ahaemol yticus) 4 fiff
FERGE, JFJET 50 BRrh 2Bt TG A, 4R
7~ , ¥ (Chebulae fructus) . 1.5 (Galla chinensis) .
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1 4 i (Granati pericarpium) . #i i (Sanguisorbae
radix) %5 H 24 3 B R AR X B, DA 25 1 4b
J7 [T 30 g TLBE T~ (Schisandra chinensis) 20 g &
(Cyperi rhizome) 20 g] X B9 A Tk L iR 1 B
P PED AT IR RCR B (B AR RS, 2024), BEJ5
ST (BN ZE, 2012; #EAR%E, 2023), LT (M
FEPKAE, 2016) . A B RS, 2021)FHb A (X9,
20094 2R R BB A 2B RS, EEH
R TR (BH 3R G W) 10 7 4 (S A 22 o e B
L RE ST AE MR RS W VL S IR A R 4 .
A GBI, BEF#R (gallic acid, GA)EA B U1
$T 7 (Rangel-Lopez et al,2022) . T & (Pandurangan
etal, 2015; Zhao et al, 2024), HLEM(EFHZ, 2023),
PRIRFIE(E = 55, 2022) FlHE = 6 %2 DI fiE (Choubey
et al, 2018)5F Z R HVEH], HATBERL A — A TE M)
7 O A £ 24 i AmDRHAS I SR e

rh 2l a] S o A0 24 AR PR E R R ' L BIR
S A 17%) 200 60 0 40 GBS S5 i) R 4R B 1 ORI 35 A% 0 I
KRG B | AR A ) 7™ A DA R A ) B 0 A
1) 2 1K 5 7 T AR R I SRR KA . BRI BT
1% O AR B T Z R A TR A R AP R , (H i AR )
TE v s IR A B TR T N AT e AR O = AR
FEPR VI B 2 0T s 35 SICTRT 9 70 TR 376 1k S LA AL
il , Sk 0 3 I 2 BTG 7K 7 S R TR R e P 5 s R 2
YRR SR

1 MeERE
11 IRERHHE

WHINHE . B EH S A P4A, E A MR
BVS XUFFEFE 7 H FLAA % IR (Penaeus vannamei) R
PRAF T o K =R 22 0 5T e B W 2K 77 B 58 B 1 /K 5%
BRI . BRI IR E B 95, UL TSB [k
B R RIG fh ali 5 5%  PRBUCA TR Y5 32 Fh T TSB 85373,
F 28 C . 180 r/min fH IR i 7R 5 7 2 XA K

12 Zmsl&

WETIR: 4 99%, LIgRTHLT A b BHE By
ARRA T M. UL PBS IR FBRECH M 16 mg/mL
P25, LIERRTE, FEA PBS %5 HL R B ALA ] v
ERNEEF RIS, 4 CRAFEH.

1.3 s/MIEREMIC)FsgR/NREREMBC)ME

SR ZASRR PRI o BORHBUAE I ) 75 B R
FH TSB B 323 FE 2= 1x10° CFU/mL., 43 %HL 100 pL

ANFR BE R B F RIS OMA 96 fLAR, JFMA % &
f) 1x10° CFU/mL B, £ LA B O 45 5 PBS S PHAE:
XPHRZH, TSB ¥R AL fn&5it PBS Shas X HRAL, 52
55 40 DX BRZH 233 in A S84 =R PO A (TTC) 10 pL,
DI IO AN S 75 AR K . B 3 AT, 96 Lk
BT 28 CHERGEFRM R, B A A2 200,
ISR TR M B RCR , L34 A @ FL Y E—ANL
JITXCE 7 B4R B B0 R MIC o AR 1 110 S 56 21 45 FLEURE
100 pL, 235045 T TSB BilE P, 28 ClEEE; 3
FARESE 24 h, WEREER . Bl T-HR b 4N e 75 500
5 Hejmk Ay, B2k MBC,

1.4 HKMZ&ENE

T 52 AN [ e J3 5 1 R %o ¥ i oI T A K 3 i
i 1.3 H 7 L B R . B 1x10° CFU/mL ¥ 39K
EEW 100 pL, 23 50 A R4 BE B B0 & T IR IS,
252 BE 43 )24 2MIC . IMIC ., 1/2MIC F1 1/4MIC,,
PIFRINZE & PBS M PHMEXTRLZ, TSB hi%H: PBS
has AR RRAL, R 3 AT R A sk
KM E {3 28 CHEFF 24 h, 4R 2 h 7F 600 nm
AT I 5E 45 A WO E

1.5 WM EAKP)EENE

2 7% B HL AR S (2021) Y 7 I AN TR VR B T
TR VA Y E AN [) )Xo 5 i I P 200 B 1 5 i, BBk
Bk KA BN 5 000 r/min B5.0 5 min, S PBS
FERH Y 1x10° CFU/ML AY BRI . U4 N TE
10 mL 1x10° CFU/mL ¥ 3 9 1 B 9% 4 50 A
10 mL AN AR BE BB T RRIA R, (1 245 ) 20K 2 3 5l
9 2MIC, IMIC, 1/2MIC. 1/4MIC, DLBBIn&55E
() PBS MPHYEXTHRLH . BRI 3 P47, WM
7E 28 °C | 180 r/min ¥EIRIRG G F, /4 HIAE 0. 2. 4.
6. 8 h Bf&HREENFATHAE 1 mL, 7E 4 C.
6 000 r/min 5/ FES.Cr 10 min, WegE BIEWASH, 8
- AKP 57 & (i mt R W) TR T A BRZA 7))
M5E Y WAE 520 nm K FRWOGE, B S
A4 AKP TEE
16 BESERIE

S5 T8 T 5 (2023) 1Y D7 TR E R R R R B
FERAE 2 h B X 7 e ool 4 I S 52 i) 45 LA PRy
H5M 1.5, EEEINETE 28 'C . 180 r/min FEIKYR
Wigt 2 h, A HIEEE 9 mL, 7E4 °C. 6000 r/min
ZAF T EO 10 min, JOE BIER, HEEPRAE 450 nm
P T S T R T M R
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1.7 SE£WHERTR

£7% Kang 5(2018)3290 ik, R4S ML a
9 0 72 A [ e B8 VL1 1 T % v oI T A ) kBT
BRI . BERELH] S 1R 1.3, 20518 100 uL AN[H
W BB FRREROMAE] 96 FLAR, JFINA SR
f) 1x10° CFU/mL B, 1 B 6 FRRIA WA AU L 47
W 2MIC. IMIC. 1/2MIC. 1/4MIC. DA m4s
w1 PBS NBHMEX R B 3 AT, HEN
WATE 28 CHE IR 24 h )5, AL mikm &, JfH
T PBS Pyt EBRVEWFANE , WM 200 pL AR E
15 min, JIA 200 puL 0.5%F45 5480, =g s
20 min, WG 2SR, TCREZRBK PRI
FIA 200 pL 33%IP B PR VA WA A, 71 15 min J5,

FHBEPR AN E 595 nm Z50F R RIMOEIE, P 33%BHIRIE
i OSESROYI

1.8 HMEHIEHIER

5 25 35 55 (2020) 2K FH 25 i 58 G 0 35 T 22 AN T
e RE 1 T R VA TRV 2 AR W Bk LS55 ok A B ) & TR
Bel ik an 1.3, 7€ 96 FLik 4 FLH 43 A 200 pL
1x10° CFU/mL ¥k . 28 CErE 3% 24 0 5, KfLh
AR, FFEFJCH PBS Bt 2 Wk, TS
B A R 7RI A e R A5 LR, o A
7N 200 uL 2MIC, IMIC, 1/2MIC, 1/4MIC (£
TRV WAE R S IR 2, U i 200 pL PBS /E A% 21
R 3 P17, 28 CHEE SR 24 h JE L ik
W, JFRIJCE PBS w2 Wk, 200 pL FEE[E E
15 min, A 200 pL 0.5%M0%5 &R, EhiEE
20 min, WZHZERERIATR, JORE ZEIBAK IR T o

FH 200 pL 33%BE RIS, 15 min J5 R FRACT
SE 595 nm AL OGAE , DL 33%MBE R IR TR 25 6T IE

1.9 ikshgE HME

S5 4 M B4 8 (2022) I 2 AS [ VR BB I 1 T TR
NI ShRE 52 . 4% 1.3 Y 7 I e il o
W, Bel Skl 2MIC, 1MIC, 1/2MIC, 1/4MIC
BB TR 0.3%5 05 LB 2 FAFH ., %55 PBS
) 0.3%3EAE LB PREAT-MAE x4, B 2 pL
1x10° CFU/mL Y B AR T AR PG, 28 C R8s
7% 24 h )i R 758 O 2 4N 2 Bl HAR KN

1.10 REggEHNE

2% JE KB (2015) ) 7 35 I 2 AN [A) vk FE s 8 F
PR %o s e I B O SR AR RE S 2 i . ¥ 1.3 R kB
TR W . S22 M EC 10 mL 1x10° CFU/mL ¥ 3N B

B, B A B AR B B T IR W, 2y
Y2k E y 2MIC, IMIC, 1/2MIC. 1/4MIC. BHYE:
X REZH R 7E B P ISR PBS. AR 3 AN FATS
28 CHig% 24 ho FFIGFRGR, FEFIERET, £%
1MW B 3 mL BRI E HAE 600 nm &b WY RS, FiE
PRI BT, W HAE 600 nm Ak I
B, THHRAL
BAEAE )= 7 O0Djg00 um — #1EODjg00

- x100%
BIFODg00

2 #R

21 FREFEBMARNENINEER

SR AR R RN S AT 0 D W R X
VSR A IR ROR o LA R R, W R XTE
FEYNE 1Y MIC A1 MBC 4351247 4 mg/mL 1 8 mg/mL,
AN TR B2 ) B i W s 3 TR A K 1Y) 572 e 238 2R I
Kl 1, 2MIC 1 IMIC W& TR AE 5T il A sk
WA, OD {8 W AN T AN 245 9y i) BH A X RR 4
12MIC PJBEFRRRE W M HIA B A A K, TERRLE
8 h ZEATRFPE- B I, ~F- & I B o B2 I AR T PR R
4. 1/AMIC W3 & FIxhia s gl A K TC R
L FR, 12MIC DL bR AT TR o e £
KA RAFRAMSIER, HAM S8R BER 223 g e

20
— 2MIC
IMIC
— 1/2MIC
L5r . q1amic
—=— Control
£
g L
dﬂ 1.0
o
0.5
0

0 2 4 6 8 10 12 14 16 18 20 22 24
BFIA] Time/h

BT AN TR] v B 80 TR X VA e oI T A A R 52 )

Fig.1 Effect of different concentrations of gallic

acid on the growth of V. alginolyticus

22 SRR FEN AN E MM EE T AR

S L BE R A A AR L PRI RAR I B
AKP 37 T 4 B R 20 R R 2 (1], 7 240 e R R A2 0
M TCHEEAGIN E] AKP, 4 41 i BE 4% 0 IR A2 i, AKP
A s Y (Cao et al, 2019), AKP 7] IR J PB4 41
LB 38 375 1 PR B o AN [ R B Y8 1 TR o i o I T 24
JRE ()52 e UL 2 45 R 7, 1/4MIC L 1/2MIC ., IMIC
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Fig.2 Effect of different concentrations of gallic acid
on the cell wall of V. alginolyticus

1 2MIC AbFZH Y A B 35 5 1 h AKP % 51 2 h ik
T, ZIEREERE LT SR E, 1.2,
4. 8 mg/mL WM BE TRRATE 2 h NYRERE IR A B
SN 200 R ol 2 i 40 B R 0B e, S 3 AKP Bl
BB FR VA RO FE R 57 . A R B B A, XA s iR
2 R ) B DR R B R . S AR AR A L, BHHE X R 2
) AKP & HHRZAL THEAKY, HIW Bk,
TE 4~8 h (W Er e L TF, I n] B 2 40 TR 1E A A i Bh
IR ) 2B T TR

23 RETFERMBAENERSENZM

21 6 52 0 PR SR A D ) DR A B B T 00 B 1
R 2 0 i A o P ) TR B FE bR, 24 0 T 0 i e
PEWEBEIR , BEMERm, e Nat K,
T A S AR K AN TR A U T R N
IR L SRR 25 S DL IR 3 045 5 WS, 1/2MIC L IMIC
1 2MIC 4bBZH 7 240 8 B SR AE 2 h B, ODyso a4

0.04
d

0.03
£
$ 002+ c
g <

0.01 + b

_ih_i%_ii
0

Control 1/4MIC 12MIC IMIC 2MIC
2 %) Group
P 3 ANl v Jo 50 TR o e o I T 2 L ) 352 i
Fig.3 Effect of different concentrations of gallic acid on the
cell membrane of V. alginolyticus

ARG T8 R IR 2 5 3 (P<0.05), A,
Different lowercase letters indicate significant differences
(P<0.05), the same below.

B TR ELH (P<0.05) ; 1/4MIC RbFRZH 140 B 55 35 W A
2 h B, ODys 5] BRZHL TG i 35 25 5:(P > 0.05) . 1/2MIC
DA b v B (18 T8 6 - T T A8 5 i s o I B 4 S
AP, AR P B 1 TR Tk R G in i 1

24 SRR FENERIE SRR KR

A ) BB A R Y AR A R, LA RO A
BTy . $RAEE IR SRR | RS SR RS B AL S5 5 55
fE(Wang et al, 2023), A[a]H B & F IR XA Bk
P A 5 Y B ) 5 i A L 4 BT o 5 BRI X BR AL A
[, 1/4MIC. 1/2MIC. IMIC F1 2MIC % Fi% & 7R
X e oI T A ek 0 T R 3 A AR
(P<0.05), #HIZRIHIH 16.61%., 32.37%. 77.80%F1
83.26%. ZEHFEW], B TR ueA S0 Hl 7 sl A
VIR B T8 1, U0 A P L B 7 35 o v 4 5

201 a

1.5

0.5

—_— [

B

Control 1/4MIC 1/2MIC 1MIC 2MIC
21 51 Group

P4 ANl JBE PR 1 IRON ¥ 8 I TR A 00 i I s ) 5 i)
Fig.4 Effect of different concentrations of gallic acid on
biofilm formation of V. alginolyticus

25 BRRFEMNERMEEMRRAFRIER

AN [) e B T £ 1 TR %o 1 i oI T B A ) T 3
Bz maniE s pras ., S5xFEA L, 1/2MIC, IMIC
1 2MIC F3 &1 FR VA W RE S 35 11 5 I A ) 18 e I

20 2 a

Control 1/4MIC 1/2MIC 1MIC 2MIC
#H %5 Group

PS5 AN [ e J38 T 1 RO ¥ 3 I A 00 o R ) 3 B8R
Fig.5 Effect of different concentrations of gallic acid on the
biofilm removal of V. alginolyticus
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216 W B % R 5 46 %
B (P<0.05), WEBRFSTTIR 54.5% . 67.54%F1 50
68.01%, Z5HEM, 12MIC LI iR BE B & T IR Xt w0l b
VA BB A ) A W B R A T B 8, ELVE BR AR 3
I e 1% o T e g g 30 .
féf‘*é% 20 4 d
<

BE TR BN R K Zh 2 an 1 6. 7 s
1/2MIC F1 1/4MIC ¥ BE ()% & T B X3 s I B Uk )
fiE 176 W2 B IAE 1 (P<0.05),  #5%F BB 4H 43 3]s />
60.41%(P<0.05)F1 51.78%(P<0.05), 2MIC Fl 1MIC ¥
JE BB IR AR 58 A W A S oA AR K, Pl Bk
WAE AR, 450EW, 1/4MIC DL FHRENE T
iR B 300 25 4 v R I Bk shRE o, ELAM 48 FH B vk
JEE A1 T T B 58

.u

6 IRV B T 1R X Vs B I T vk 3l e 114 5 il
Fig.6  Effect of different concentrations of gallic acid on the
swimming circle of V. alginolyticus

a: 1/2MIC; b: 1/4MIC; c: K&,
a: 1/2MIC; b: 1/4MIC; c: No addition.

20 r
E st
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20 51 Group

7 ASTR]vR B B IR X ¥ e I B UK Bl B ) 8 52 il
Fig.7 Effect of different concentrations of gallic acid on the
swimming ability of V. alginolyticus

27 REFHRWARMAREENNZN

AN [m] e 5 1 TR 0T s e oI T 2R AR RE T 1Y) 52 i
W 8 T 7 o BH 1 X BE ZH 40 v (1] 1) SR S BE 10 44.08%,
1/4MIC, 1/2MIC ., 1MIC Fl 2MIC ¥ % & TR e
b 2 AT N 1 SR AR ), RAERR 1 A ek &
37.41%. 25.70%. 19.19%F1 18.68%, 55X H&LAH L
25 1.3 (P<0.05).

10

Control 1/4MIC 1/2MIC 1MIC
#4451 Group

P8 ANTR]vR B e R v v e I T 2R 4R B8 1 1 B2 i
Fig.8 Effect of different concentrations of gallic acid on the
aggregation capacity of V. alginolyticus

2MIC

3 itig

Bl AT KT B4R S, AT T8 e A i G TE
JEBORE R, 2021 4F 1 ARIRAFE R T (&F
Jnag K 7 FEAE P AR G A R A ), Hoh R TR
IR SR 2 R DR S ISR A DG A T o =
LR, 84 ERAAT K™= IR 5 B G 1 44
IR . (H HFTA R B K sh P B ia 25 90
Iz FEFE B I X R FEIE A WAL, SR Ek
1o A BT I 245 0 R S i K 0 B IR B B S AR
Z—

WEFRIEN—F 2B EY, |2 T
Yrrb, Wl AW U S O SR E R, AR
B PURETETE . KBRS (2010)FFFEIESE, BT
% W IR 2% % fliAE T (Edwardsiella tarda) . FoR 54T
(Flavobacterium columnare) . & Fl < 8 0 B
(Aeromonas sobria) 1 X B “< H# Mfd & (Aeromonas
caviae) %5 4 K 7= s 1) BOW B B B B AR T Gk
25~30 mm, 1REEQ023)WFFELE B B, e TR &
Y IMINE A MIC 4 3 mg/mL, ARAFFEEEHE BN, %
B FRXE IR MIC A1 MBC 4351~ 4 mg/mL
'8 mg/mL, MBC/MIC Jy 2, UiBHE & TR i
JE HLA R AR A B AEFH(O'Neill et al, 2004); Ak
R = 45 KW, 4 mg/mL DL YR EE OB T IR AE
SEAAMEIE IR AR K, 2 mg/mL (9% TR I W3
il e N B P PR AR G, AR RO 5 I TR R ok B T S A1
T PR RRZH , $2 U B IR 25 W vk BE mT 4 4 25 9 1)
FITRAE HIEF ], 15 B B R X i S I TRT 1) 41 i 282
SRR, L, 1 B R s R A
KB, N BE A 4 mg/mL K DL bk FE 7 BE R 2] B 4Ry HD
HAEH
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>4 200 T ) 24 T 40 e R S 1 SR BT, 40 e
B, WAL, AR AN AKP 35 PE
P RSN ETm . KR AEQ013)FR A, &
B R 6e R R 2 B 4R A (Listeria
monocytogenes) H BV g . it . 20 i D A o it U
Hiu B2 ) R A R 22 ST 245 K 3% Ay TG I (multidrug-
resistant Escherichia coli) 2 A BE , I &3 = Ay
AKP &5 (R, 2021) AHF5EH 1.2.4.8 mg/mL
WM S FIRAETE 2 h PRI i oo i 20 it |
FHAKP it WA T IRAEMA B B R Y
SR, 1A VR R T A R S I TR A Y )
SEREE , S EGEBYERG I, HIA R B R R RO

A= Wk TR 20 R 0 B B AT 22 SR W (EPS) 2
WE AR, A2 0E . N5 B4l a4 DNAE SCIHAE,
2014), AW A FI TP 2R, BE 4 i R )
HMFUN R IREE R HSPLRE T, R  3G I 240 v e i 254
Pt . ZIptRTEH, WA s R ERE I TE
TR DR B L A Bk RS 1R A TR O R v R A
% T %4 F (Harshey, 2003; Zhu et al, 2013), 4 38 i
A RE, 5B EPS KMl 2 0w, Mni
SN R T AE Y I B B, TR A R (] A SR A T 4
PEICRGB, Aok 25 A BRI (&, MR kB, £
13 20 5 30 Ao 8 DA 240 R R 4 B 2 A )
JE A (Vazquez-Armenta et al, 2023)., T340 iz 3l
(McCall et al, 2013)F1 R AR J7 45 & 45 0 4 1R A9 410 1]
BOR . WETIRTES KRR TCHE . 25 i e
(Pseudomonas aeruginosa) fil 4r & {4 5 %) Bk &
(Staphylococcus aureus) #9 A 9 8 I8 4 A& A= AN AT 3
ZAE(Li et al, 2019), RKEFILAREE TR
(EGCG) 1 RIEERE AT A= 4 R 90 i I3 1 5T 1Y) 32 27 fig
J1 R A W) 9k I E 1 (Faleye et al, 2021; Wang et al,
2022), HFESE RBE-RE B T IR R K E TIRARILER
Y)(COS-EGCG) 0.256 mg/mL HE &k 2 11 il 2R3 2= 1k
B AUk 3h I 4E (Buatong et al, 2023), AfFsH,
1 mg/mL F1 2 mg/mL % F IR 6E & 1 il 7 e ol
WHis s, RGN R R ER ), BT
VW B R, TS PR IR A2 1 AR SR e 7RI
R, BB R e e R i 2B 0 AR T B, 4 mg/mL
F1 8 mg/mL ¥ B 1% B T X s o I o 2B 1 kS 1
TE BRI 2T 3K 77.80%F1 83.26%, Xof A2 95 9K
A A I R R R 00 3l R 67.54% 1 68.01%, B
BB TR AT RE 38 3o 41 1 i e B 1Y) a3l R SR AL g
A AE R R B . AR BRI BR S, AT B
W25 IRPT K 2 N, M TR i Rk
FHB, AT 305 2 A8 K 5 A TG o A Py SRR T 2R3

BT ZIEROGRAE FH (Tian et al, 2022), STt Af
3 A28 e TR 40 5 P R4 e i PR M R HE
BT, A0 Ry i DT BILR LT AN 275 540 i 2
PERY A (Lu et al, 2016; Liu et al, 2017), K, &
T ERAA AT A Sy — 470 T RCR B B4 28 W 9 T 7R
3B ATREAE R — TP S BG5S A R AT BN
AR .

4 g

BEE TN A B IR PO R B, mT L it
ORI e I 0 B B, 384 i 2 O e s 1, 1 AR
BERERIIE B, ¥ BR A LR My B, 30 o 40
BRI Y32 Bl MR B BE 7 400 1 % K IR, AT 545
SN h 7K Sl R RS B Y Bl TR SR AR A S B

2 £ X W
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GallicAcid Bacteriostatic Activity and Mechanism Against Vibrio alginolyticus

WANG Chunyuan'?, WANG Yingeng'*", ZHAO Weizhi'? YU Yongxiang'?,
ZHANG Zheng'?, RONG Xiaojun'”?, LIU Dingyuan'?

(1. Sate Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao Marine Science and Technology Center, Qingdao 266237, China)

Abstract Vibrio alginolyticus is a primary etiological agent for aquatic animal death. V. alginolyticus
can infect fish, causing bleeding, ulcer, and blood poisoning; shrimps, causing shrimp post-larvae
bacterial vitrified syndrome, acute hepatopancreatic necrosis disease, rotted gill disease, and white fecal
syndrome; crabs, causing milk and toothpaste diseases; sea cucumbers, causing skin ulcer syndrome; and
shellfish, thereby leading to substantial economic loss in the marine aquaculture industry. Antibiotics,
disinfectants, and microecologics are usually used in the aquaculture to prevent or cure such infectious
diseases however, their outcomes remain unsatisfactory. In addition, irrational drug use increases risks,
such as environmental pollution, bacterial drug resistance, and drug residue. Compared with antibiotics,
traditional Chinese medicines (TCMs) present certain advantages, such as antibacterial properties,
immunoregulation, slight toxic and side effect, and low drug resistance or residue. Therefore, TCMs have
garnered increasing attention in recent years.

Using V. alginolyticus and V. parahemolyticus isolated from penaeid shrimp larvae with bacterial
vitrified syndrome as research objects, we screened the bacteriostatic activity of 50 TCMs. Four kinds of
TCM, namely Terminalia chebula, Galla chinensis, pomegranate peel, and Sanguisorba officinalis,
demonstrated good bacteriostatic effects. Gallic acid (GA) is a main active component of these four TCM
compounds. GA has good antibacterial, antiviral, anti-inflammatory, and antioxidative properties and can
protect the liver and improve the immunological function of the body, thus it may be used to treat and
prevent multiple animal diseases.

Although GA has antibacterial effects on various bacteria, the bacteriostatic activity and possible
mechanism against V. alginolyticus remains unelucidated. By measuring the minimal inhibitory
concentration (MIC), minimal bactericidal concentration (MBC), and growth curve of GA against
V. alginolyticus, we evaluated the bacteriostatic activity of GA against V. alginolyticus. Moreover, the
changes in the AKP activity and electrical conductivity of the supernatant fluid of bacteria solution and
biofilms, moveability, and aggregation capacity of V. alginolyticus were determined before and after GA
treatment to investigate the bacteriostatic mechanism of GA against V. alginolyticus.

The MIC and MBC of GA against V. alginolyticus were 4 mg/mL and 8 mg/mL, respectively. These
two GA concentrations could completely inhibit V. alginolyticus growth, while 2 mg/mL GA significantly
suppressed V. alginolyticus growth, suggesting that the inhibitory effect of GA on V. alginolyticus was
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dose-dependent. Thus, GA concentrations greater than 4 mg/mL should be selected and used to achieve an
effective bacteriostatic effect on V. alginolyticus.

The bacterial cell wall is an important structure that maintains cell morphology and facilitates cell
protection. Biofilms comprise various extracellular materials, such as proteins, exopolysaccharides, lipids,
and extracellular DNA. Biofilms not only enhance the resistance of bacteria to adverse external
environment, but also increase their resistance to antibacterial agents. However, TCM can restrain
bacterial biofilm formation and development, destroy their cell wall and membrane, affect protein and
nucleic acid synthesis, promote oxidative stress, and inhibit virulent factor expression to ultimately
suppress or kill bacteria. The changes in AKP and electrical conductivity of bacterial culture serve as an
index to verify whether the bacterial cell wall was destroyed or whether its permeability increased. GA (1,
2,4, and 8 mg/mL) destroyed the cell wall within 2 h and caused AKP leakage. Furthermore, the degree of
V. alginolyticus cell wall destruction was positively correlated with GA concentrations; 2, 4, and 8 mg/mL
GA could remarkably increase electrical conductivity of the supernatant fluid of V. alginolyticus;
compared with the positive control group, 4 and 8 mg/mL GA had a significant inhibitory effect on the
formation of the biofilms of V. alginolyticus, with an inhibition ratio of 83.26% (P<0.05) and 77.80%
(P<0.05), respectively. Meanwhile, 4 and 8 mg/mL GA notably eliminated mature biofilms, with an
elimination ratio of 68.01% (P<0.05) and 67.54% (P<0.05), respectively; 4 and 8 mg/mL GA completely
suppressed V. alginolyticus growth on LB swimming motility agar plates; and 1, 2, 4, and 8 mg/mL GA
significantly inhibited V. alginolyticus aggregation capacity, with aggregation rates reduced to 18.68%
(P<0.05), 19.19% (P<0.05), 25.70% (P<0.05), and 37.41% (P<0.05), respectively.

In conclusion, GA has a strong inhibitory effect on V. alginolyticus by growth restraint, cell wall
destruction, cell membrane permeability increase, biofilm formation suppression, mature biofilm
elimination, and moveability and aggregation inhibition. This study presents a foundation for exploring
the action mechanism of GA in suppressing V. alginolyticus growth and provides a theoretical basis for
GA in preventing and curing infectious diseases caused by V. alginolyticus in aquatic animals.
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