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Tab.1 Information on virulence genes of
three strains of VP

=
. VIR " .
bR Virulence gene K
Strain number Source
tdh trh tlh
VPE36 - + +
VPE28 + - + RIKIRE
VPE38 - - +

1.3 XWAHZE
1.3.1  FHREE RS

H45—80 CCUKFE H Il A& R A£ 1) VP Rl L 42 Fil
T TCBS Biflg I, T 37 °Cat %57 10~12 h, PEEL
PATE P 4RI 2 3% NaCl (19 TSB 15 95 3 h 47
TRIAEAR, 37 °CF R IR R (200 r/min) f5 AR ER
E I BRI IR o R RS 10° CFU/mL
1.3.2 il & A SR ry s 5 3k

FREL0.06 g f10.12 g BHER FHEFE L, 4351
JTA 200 mL 75 3% NaCl ) TSB 35 % &, &5 i K
P 15 min Ji5 75 21 5T 5V B 23 014 0.03 ¢/100 mL
F10.06 g/100 mL F) 75 HER 5 7256 2 H o
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1.3.3  AEWRERE R R+

W5 40 TR 15 329 B 3% NaCl 1) TSB 1 37 ik
iz E A5 i 78 1) 24 FLAR AT AR B B A 5 5%
SIS 2,

x2 EFRESERHTEYEBEEFRNRESLG
Tab. 2 Mixture ratio of medium and
liquid for biofilm culture

3% NaCl i TSB

@'/g JG4 % VPE36/ VPE28/ VPE38/ Tséﬁiim
Mixed name  uL L uL containing 3%
NaCl/uL

VPE36 9 - - 991
VPE28 - 9 - 991
VPE38 - - 9 991
VPE-M1 45 4.5 - 991
VPE-M2 45 - 45 991
VPE-M3 - 45 45 991
VPE-AM 3 3 3 291

W H G991 pL % 3% NaCl Y TSB 15 75 it
AN VA 000 V0 P A A Sy o B [ b B AR
PRTVBORN 5 AN [ e B IR 6 ) TSB K5 35 364143 ) 4%
HEE 2 F B A 24 FLAR P 5 32 A W p . A4
83447, 25 °Cir B 5 5% 12.24.36.48 .60
72 h.

1.3.4 45 dh SR YL (kSR A= 1 i SO i et

AR RS UG L 24 FLARRLE , 57 25
2, L 0.01 mol/L PBS %k 2~3 Yk LA 2
TP 76 60 °C N HCE 30 min ghAHE . BEFLIN
A1 mL 0.1% Ry 25 a5 AE = I T 44 £4,20~30 min,
FH0.01 mol/L PBS 75 ¥k 3 K LA Bk 2: 2 A A 45 i 48
J&i , 1 1 mL 95% (1) £, BV i 20 min, R AT 1 £ 48
BRETR W 200 uL 2 96 FLAR P, FH B FR UK
DILAE 600 nm A 91 S (B (OD ) o
1.3.5  HA5R A CCK-8 2k 77 & K I A 40 i IS 44 it
7

SR 488 58 51 CCK -8 428 7] 60 A6 00 A= 47 ok s 44
WG 120 AR SR A S | g R AL Y
B, H10.01 mol/L PBS 2% i 7k 2~3 K Bk 22 17 Ui
B BFLH RGN 1 mL TSBE5 323 M1 100 uL
1) CCK-8 IR , 75 25 °C e 5% 2 Wi Ay, Fi il
FRASCRG I HAE 450 nm AR WG EE (L (OD,,,) o
1.3.6 RO B A (CLSM) Ms A1)
Pl

W P AR A A W R B Y A S R
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RO b 4 IR 133 T ki 9 K R 2k
J Y B 2 d5e KA B 20038 2 CLSM #E 47 W 5%, &
WESCHR [36 109 J5 i 0 R VR ole itk o 7 25 F- 1L
EIF AW, H 0.01 mol/L PBS 15 ¥ 3 ¥k, i T
Ja 4 MA 1 mL 4% 0 % B W AE 4 °CF [#]
% 30 min. JH 0.01 mol/L PBS ¥ ¥k LA £ £ 4
Y 8 W (2~3 K ) J5 A 200 uL SYBR Green
I 4ek}, 78 = 35 T &L 4L 5 30 min, PBS ik
T3 5 BT, JH CLSM [ 20x (40 ) #7145 , 488 nm
Bk K, 500~550 nm W I I K TR 22 A )
L P 254
1.3.7  MaShEE A 20 & e il

G0 B 3 o SR A 4 o A AR i R
A= 0k BT A R e 1 i A 2 R R A R
i ER A ERAE DRIE ST BAR DR
AR IS 3R Y iR R KR, 3 R LR TP
TF B W, IF 11 0.01 mol/L PBS ¥ ¥k 3 ¥k 5 4 L
1 mL 0.01 mol/L 1) KC1i# ik = 2 8 i, WK = 7
B8 2 T TR B 08 T I e P 75 U 240 e s AT a2
TR 75 A3 GRS Ab PR SH B IR S s, 4 MG IR,
BG5S s, TR 45 W) 5 7 4 °C4F T 5
220 min(4 000xg) , .03 2N A EIE W 0.22 pm
AT UE , B AFA o (R Bl BCA B IV I
TR I A AP AR 1 A 3 R T - R 2k
EMIANZHE
1.3.8 i #5511 5087

SCYe ik O3 K E A il SPSS 26.0, 5k H
One-way ANOVA F1 Duncan’s £ 36 AT G i 12750
M (P<0.05) ., 33t Origin 2022 AR R

2 ZERE550r
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FXBE 1 #

WE PR, TR ERFP AL BEAA T, BT
PRFITE B TR AR A 1 0 ST ol 8 Bt o ) 1) ) 224
SeHE N B R A 5 D . AR T (K 1)
VPE36 Fl VPE28 7£ 24 h ik 2] &g KB Wi &, H
VPE28 #% BRI il it 75 5L T8 H e (i , VPE38 7E 36 h
IRB R I i, FLAE Y A 7E S v e 1K TR
A BRIITE 24 Wil Bl ROIE i . RS a T
VP A YIBEIEIE AR 38 LAt 22 AR b Al le),
FLITA TR A R R 0 25 A R e T 3 #4 EL XS o7
PP Z . 0.03 g/100 mL IH L i F VPE28,
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Fig. 1 Biofilm formation of V. parahaemolyticus with different virulence genotypes under

three treatment conditions as a function of time gradient
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2.2 AEALIE ST B A SR A 4 4 BE 4R
R & 1 #

WE 2 foR , T ERRRP AR B F T, B I
P IR B R AT 11 240 T T R b ) 1) A2 A S
B E 8 S R, LA 3 B R A TS T 1)
ik 2] 5 0 S A KOO it AR ), i B A 0 s ) T
It 5 A R 20 e A R R AR A 3 U AR G
ANF I RS IR 551, 54K VPE28 A2 i
A TE AR A0 T Ok B 0 A B A Ry 3
VPE28 . VPE-M1 K VPE-AM ) 40 Jif0 1% J1 76 3 A4~
ik [ 668 3231 Bl TS AH 22 A5 K5 76 0.03 /100 mL A
RN, BT AR A Ak A B A M A b S
Sl % 0 A M ) B, b VPE36 #il VPE3 LU
KR A T R VPE-M2 A4 40 i 15 77 % A% HLAE Ak ik
SR, T 5T tdh 55 PRI TR P 8 A% AR IS )
57 ) 52 {59/ B R 5T S K5 48 0.06 g/100
mL P RRER AL PR S, A TR R A0 T T R R R
W /D, B VPE-AM 1Y $5c K 40 il 1% 1 241K T BR
VPE-M2 Z A HAB PR IR A, B 0 T4l s
FEH10.03 g/100 mL fJHER b B A& 4 (0 #E4HF tdh
PRI TC 18 S L TR I S TR B TR PR , A AT T AR L
RHEHF tdh FER A RE K
23 AEVBEUGTEMRERRERMETE
HEZEMHERITL

W 2 55 35 R0 o v 82 IR 3 ) A5 TR AR
TR B A Py 4 B A KT Il i S 2 ML T ) e K e
i 222 Xt L, fh & 3 T 41,0.06 ¢/100 mL iH
ER A R A 5 R B 40 B 9SS I 2 R S
4l % 7 A HE R R SR U AH 22 5K, T AR S S Y S
¥ Hh 25 H 54T 0.06 g/100 mL A iHER .
2.4 CLSM W ZA[E) 4028 & 4 3t &) iF Mm% si &
0 48 B 55 ) Y 2 i

W4 Fr7R | 3l 5 53 A1 n) WA 31 4l 5 5%
T AR B VPE28 1 4= W9k B Sg 6 J3E fee 4,
T 5 TR IR I e o B T U IR G A L 2 R
45K, VPE36 UK 22, VPE3S Bk 5t 45 44 e Wi i, B %,
wi . EIRA YD, VPE-M1 5 H A
PRTR B B A LU 3% 2 5 R R % T8 e ) e
05 B RAH B R R B, 25 BREEK ; VPE-M2 5
VPE-M3 Fit ¥ 1 ) 4% 5 11 /N HL 3150, 22 SR AR A
TR EIE I PR ZEAE 1T VPE-AM A= ) 4% 5 45 #4
BN A% WA /N A3 B HOIR S5 44 SUA A2k
ARG TE BCRE 7 B A TR & B R T 5
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RA W, & dh LR A Y RSN A
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A B TN tdh FE I, 156 E R ke
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Fig. 2 Biofilm cell viability of V. parahaemolyticus with different virulence genotypes under

three treatment conditions as a function of time gradient
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Fig.3 Comparison of significant differences in biofilm formation and cell viability under
pure culture conditions and two concentrations of bile salts stress
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Fig. 4 Visual structure of biofilm of single and mixed strains of V. parahaemolyticus with different virulence
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genotypes under pure culture conditions
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Fig. 5 Visual structure of biofilm of single and mixed strains of V. parahaemolyticus with different virulence

genotypes under 0. 06 g/100 mL bile salts stress
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Fig. 6 Standard curves for protein and glucose
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®3 FRLEBZFHTHRIEZEERE

Tab.3 Extracellular protein contents under different

treatment conditions pg/mL

R sl 0.06 g/100mL IHEL it
Strain number Pure culture 0.06 g/100mL bile salts stress
VPE36 97.33+0.68" 10.58+1.91¢
VPE28 121.37+2.34° 55.02+4.44"
VPE38 30.38+3.40° 7.65+0.85¢
VPE-MI 120.54+4.80° 36.52+3.74
VPE-M2 90.24+4.25" 12.08+2.06¢
VPE-M3 115.27+2.70° 31.02+0.51°
VPE-AM 90.91+8.69" 28.08+1.65°

TE : BORFOR A PR R R 22 (n=3) , 7] — SR R B R A7
TEGET T 036 22 51 (P<0.05)

Notes: Results are expressed as Mean + Standard deviation (n=
3), and different letters in the same column indicate statistically
significant differences (P<0.05).

x4 FRMEZFGHTHRISHESE

Tab.4 Extracellular polysaccharide contents under

different treatment conditions ng/mlL
RS aiRESR 0.06 /100 mL &R 38
Strain number Pure culture 0.06 g/100 mL bile salts stress
VPE36 56.42+3.59° 11.11£1.41°
VPE28 40.18+4.71° 27.86+1.56°
VPE38 27.08+3.59¢ 8.65+1.28°
VPE-M1 43.93+2.15° 27.89+1.69°
VPE-M2 60.82+1.89" 11.43+1.59°
VPE-M3 66.99+1.70° 29.76+4.46°
VPE-AM 54.61+4.77° 27.01£1.70°

TE  BURFOR PR hR R 22 (n=3) , [A]— SR [R) - BE RS A7
eG4 3% 2257 (P<0.05)

Notes: Results are expressed as Mean + Standard deviation (n=
3), and different letters in the same column indicate statistically
significant differences (P<0.05).
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Study on the heterogeneity of mixed biofilms of Vibrio parahaemolyticus
with different virulence genotypes under bile salts stress

GU Xin', PAN Yingjie'*’, ZHAO Yong'*’, LIU Haiquan'*"**

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai
Engineering Research Center of Aquatic Product Processing & Preservation, Shanghai 201306, China; 3. Laboratory of
Quality & Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural
Affairs, Shanghai 201306, China; 4. Engineering Research Center of Food Thermal-processing Technology, Shanghai
Ocean University, Shanghai 201306, China)

Abstract: In this study, the characteristics of biofilm formation of single and mixed strains of Vibrio
parahaemolyticus with different virulence genotypes from freshwater products under pure culture conditions
and bile salts stress were investigated. The amount of biofilm formation and cell viability were detected by
crystal violet staining and CCK-8 method, and the structure of biofilm was visually observed by confocal
laser scanning microscopy (CLSM). Bicinchoninic acid (BCA) method and phenol-sulfuric acid method
were used to quantitatively analyze the contents of extracellular protein and extracellular polysaccharide
before and after bile salts treatment. The results showed that bile salts treatment inhibited the formation of V.
parahaemolyticus biofilm, significantly decreased the amount of biofilm formation and cell viability, and
affected the degree of aggregation and disorganization of biofilm system, and disrupted the biofilm
structure, while affecting the synthesis and secretion of extracellular protein and extracellular
polysaccharide. Strains containing tdh gene can form more and more stable biofilms, and the mixed strains
showed greater adaptability to bile salts stimulation and were able to respond rapidly to counteract this
stress, thus ensuring more stable survival of the strains. This study provides a new theoretical support for
the formation and control of V. parahaemolyticus mixed biofilms, which is of great significance for
exploring the impact of V. parahaemolyticus carriage in freshwater products on food safety and human
health, and provides an important reference for further research on its adaptive mechanism and prevention
and control in the human gut.

Key words: Vibrio parahaemolyticus; bile salts stress; mixed biofilms; freshwater product source
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