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ARSI,

il 211K i N p e/ U N S A M g
FRIRIGAIER, |20 AT . KIEHRD, &M%
FoKF Ty B ok, RERILRILES, SR ETE R
it B AR R 2 IR T AR M )i
PSR G A 5 B 22 9 [ 58 2 K™ b I 3o
) EZLR R AN R4 (quorum sensing,
QS). #iE . I HrW R % (type three secretion
system, T3SS). #FE P H #2145 Il % (thermostable
direct hemolysin , TDH) fl #t A~ £& & % Il &
(thermolabilehemolysin, TRH) =4 5 Bl ¥ 114
SINER A M) IE ATE B VDA O o QS J&— 2 147 2
ML S Az B sl B, s S0 7 A ikiE T
YA T, R T A IO U A R
BRI A B THER A AR S, B X T 20 A FA
BEM BRI S B B CEE WA, 1 B
Z45(T3SS1 Ml T3SS2)JEK (94, 56 . TDH F1 TRH
F10 5 DR 7 3 5 A O R B F 1 A P

il VS PR IR A 2 . AR BB T 4
R A AR AR DY Sl R 1 A o 5IR
B ZEAR T 10 °C AU T , AR K R A8 Bl 35 1 /D
ARG, 4 °C A1 10 °C AR TRE F T
P i s . ZEAUINT . Han S5M0F5E
S RN PR B RETE 4 °C M1 10 °C TR LR 24
WIwgss, T ELIX S8 AR Ml AT S i R (15-37 °C)IE
LA R BN, RS AR Y R IR
J3E RT3 2o 52 M JH 1 2 W R B 1 A R W AR ) I Y
WA MR AT (4 °C Fil 15 °C), TitEMsh £
W 2 M Ah AR I AR R E T 25 °C
37 °C., ARIEIMNE T EPS (9774, M0 1 E 4
BRI SR, AR LA X ) e ot A ST i
PERIBESE, Vo S LR B T A A
FAE G, (H 2K SR A R R (15-37 °C) F —

FE BB, AR A SO TR AR FUE AR D)
PLIBE, V5 1z AV IR DR A7 WA BE A A5 il A0 A
X —MBEEME MmN . Bhr, XTI
TR AT S AR D, H Ak

AT I THHRTE THE 37 °C K1 T
F 24 h 13BN A Y0 (BUR BA P A
37 °C %) 4 °C 5% 10 °C AR SF A T 09284k, —
I, WOESAYIREYEE . EPS & R iy 28fk LA
e A A AR Ok PR ) s BB AP T IR 2R A
Tk SE R WOR A A ViR AR . 5 —
7T, RREESEH B BT (CLSM, Confocal
laser scanning microscopy) & E/~ T A=Wk T2
SR, MR T A YR LA
SRS A YR A DG B Z [ Y INTE SR R o At
FEAR R A JE B T Y EOK ™ i B 2 A i T R
gl e

1.1 #he

1.1.1 EERFEIY . R InPEITRE (ATCC17802),
W T o E R A B RE R RT; BIE 1,
Primer Premier 5.0 #ficit, HmAd TAY T#%
() ey A BR 2 il Ao

1.1.2 EFRESEA G Cm R R T R IH AR
FE O 33 (TCBS) Rl R 25 11 R K 3 17 B 9
(TSBYW TAL Bt Bt R A BRI A Al 5 20x W2
ZE PR (PBS). 50%)% 1 SYBR Green [ Jef}
W i TAEYEARA AR SAENKC)IE
F 1 25 48 AL AR (i) A BR A Wl s 25 A0 %
Lowry 2051 FAE AR B X7 310 [ 26 [ Sigma /A A 5
RNA R &WF B Ay TRA R AR K’
SRR W T TaKaRa 23 A
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% 1. RT-qPCR 3|#1F7

Table 1.

Primer sequences of the RT-qPCR assay

Genes Primer sequences (5'—3") References

16S rRNA F-GTTGGTGAGGTAAGGGCTCA [23]
R-GCTGATCATCCTCTCAGACCA

pild F-TGACGAAGAATCGTGGAGAGGTT [24]
R-CGATTATCGGCGTTTTGGCTG

aphA F-ACACCCAACCGTTCGTGATG [23]
R-GTTGAAGGCGTTGCGTAGTAAG

opaR F-TGTCTACCAACCGCACTAACC [25]
R-GCTCTTTCAACTCGGCTTCAC

Trh F-TTGGCTTCGATATTTTCAGTATCT [26]
R-CATAACAAACATATGCCCATTTCCG

verD1 F-AAGGTAGGGCAACGCAAAGA GenBank database

R-AGCAGCACGACAGCAATACT
vopS F-TAGAACGCGATTACCGTGGG
R-TTACCGAGGTCTTTGTCCGC

vopD1I F-GCGGGTGCAGTAAAAAGCAA
R-AAGCTCACCCATCAGGTTCG
verD2f F-AGAGAGTTTGGGGACAAGCG
R-CCTTCAGCCGAGCTTTGAGA
vscC2f F-CAGTGAAGGCCATCGTCAGA
R-GGGCGTTCCTCGAACTAACA
vopP2p F-AGAAGGCGGGGTTAAATGCT

R-ACCTCCGCAACCTAAGTTCA

GenBank database

GenBank database

GenBank database

GenBank database

GenBank database

Flagella gene (pild), QS gene (aphA, opaR), TRH gene (Trh), T3SS (verD1, vopS, vopD1, verD2p, vscC2p, vopP2p).

113 FERBRS: 24 L. 022 pum EIERS
T b ARG RA A A B
JY92-IIN)W T T I8 2 AW B AR FRA w5 B
LB A F 1 B0 LSM710-NLO I 7 [ 25 ] 23
Fl); Applied Biosystems 7500 Fast Real-Time PCR
System > & [ i F A= W) & G2 > v 77 il 5 Image
Structure Analyzer-2(ISA-2) 1 3 [E 5¢ K &M 37 K
¢ Haluk Beyenal Zi#Z#24t,
1.2 REBREEL S E YRR B

R M PE YR (ATCC17802) Bk —80 °C 7k
B IERIZE T TCBS REFR3E, 37 °C fHIRE %R
B g% PRI TCBS F 8RR v 471 ) 9 mL 1% 3% NaCl
() TSB AL F 3, 78 37 °C T #K(200 r/min)
B9 12 h, I+ 3% NaCl i) TSB Wik s: 75 504 1
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W R ODeoo M 0.4, PP BT e 7E
Kadam 25 (%75 % AR H e, B 10 pL 47
ODyoo 1) VP M AZI S 990 pL it TSB (3%
NaCD}FRIER 24 LA, DUBTEER) . REEFH
WY TSBAE A4S (AXTRR, BANBERE 3 447, Fr
AWML T 37 °C fHIR FE 57 24 h RIS HUE L
IR, 2205 TR B AR A I A B AR 4%
F(4 °C, 10 °C B YEHFTE 37 °C, 7rHilFE s
12, 24, 36, 48, 60 h, Ffii FI¥RHE R A %%
DA 2 R ik e/ Mk

1.3 ZEERE

B 1.2.10 24 fLbdct, 2 FZEWR, AL
FH 0.1 mol/L fitJ PBS ¥k 3 W EBIFINE, = Tk
B 10 min, 1 mL 0.1%A945 i =70 T 444 30 min,
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0.1 mol/L Y PBS ik 3 UK, ABR K2 RIS dh 2 .
60 °C FI;FE4 T4 45 min, FH 2 mL 95%1) Z,
PV % 30 mino LAAFERN TRV A5 fif 1Y) TSB 15 5%
FAE A O B, AR SR I HAE 570 nm &b
(WG BE (ODs70), VAW FE (A (747 B BB 1) T
PR
1.4 EPS 43#r

R I I BT A R R o 4 B b 22 W T A TE
AR RS, 24 LA 1 mL 0.01 mol/L
KCI, 381 15 e A& I A= Wl Bt e . 88 75
ICRERRANNE 4 DIEIRARAE 5s, |5 55), Kl
Ab TR PR VR S 0 (4000% g, 20 min, 4 °C), B
TH0.22 um JEAIEE, K5 100 uL IR G, 1
FEHIMA 200 puL 99.9%iER . 7EEIR FIHE
30 min /5, [IRGYIHIIA 6% % . 90 °C IRE
5 min 5, 7E 490 nm AR AW B OEREE @
1t OD4oo/ ODsos (K S AUTRIK AL A W 1

3t Lowry Jrik bk (i =" o8 40 L
UEWE 5 200 uL Lowry ilFRI7ERI E HIEA . =R
JFE 10 min J5, RSP A 20 pL skt
. =W T E 30 min J5, 750 nm Zb G
3L OD750/ODsos K 7E 5 8 [ B Y 1 o
1.5 FEREFOLAMH BHEENE

{811 2 mL 4% (V/ V)R R WAE 4 °C F [ &8
A=A 2 h, F1 0.1 mol/L PBS ¥k 3 ¥, Fl SYBR
Green 1 fEZIR T K AR 30 min!™. K5
0.1 mol/L PBS PEALUARR Ll S ii5 BT
Mo T 2005 r S SRR HO T WG RS
CLSM & . ffi Ffl ISA-2PV3 by = 4k 1k W i IS 25 4y
. MRS RS R EEA
-1 JE JE (mean  thickness, MT), X4 #UE &
(average diffusion distance, ADD), [X I fL %

(porosity, P), A4 BROLRE B (biofilm roughness,
BR) A1) —+:(homogeneity, H).
1.6 RNA 2. 3% %A RT-PCR 7

A RNA R @ O alifkok A A= Yl i
(14 RNA . 35 5 260 nm 1 280 nm Ak 1%k
JE 5 RNA #eJ¥ . ] Prime Seript RT 25 & Al
gDNA Eraser (TaKaRa 23 7])X} 200 ng &L RNA i1 7
W FERT). 168 KRS, P10 14 &
A 20 uL: ddH,0 6 pL, ROX 11 0.4 uL, mix 10 uL,
FETF5I4% 0.8 uL, ik 10 f5/5 19 cDNA 2 uL.
{#iFf] 7500 Fast Real-Time PCR System § H#4{Y4"
P — KPR T 2R T ST
S NOY EROR TS
L7 St

(1) SPSS G0 PR 43 B WL 1A 7 9% 4 B
(ANOVA) . 4[aY ¢ k%, VUM Pearson AHE R AKX
£ 0.01 1 0.05 2 /KF-o W2k P<0.05, NI H.
£ 2 5 ] Microsoft Excel 2007 I Origin
8.0 X AT ISR 0 A o ] Excel 2007 3
AN 737

2 BERFAH

2.1 RS T R RAEY SEEY RS
VBRSO 15 B LE DR AE )
HAMEIIEL 1 R, SrskUd, 78 4 °C. 10 °C #l
37 °C &MFF, OB AP R i A it
0.399, i REMRZFNe R, A YpiEa: Yk
G FRIT R R I TEEN, H 37 °C By A ek i
BEET 4°CHI10°C,
2.2 RETUEBRAYHE EPS BIR0H
J T PG A B EPS BYSEM, AT T
12 h #] 60 h, EPS iy 2o 8 A Z R 284k
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3.0 ——4 °C

00Gontol 12 24 36 48 60
t/h

1. 4°C. 10°C #137°C T, TR EMHIEE
ST

Figure 1. The change of biofilm biomass of V.

parahaemolyticus exposed to cold shock (4 °C and
10 °C) or kept at 37 °C. The data are presented as the
mean of ODs;y + standard deviation for three
independent replicates.

P 2 (A) v S I It 5B A= 4 e g e ff o
Z W B R I (L (ZR) 2B A 3 . (B) e
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mE 2 R, 3 NIRRT AR
& BE R A A R NS i, 4 °C #1010 °C AH
b, mOAMEEENEMIFRA BEEES . 7
37 °C ¥55% 24 h M1 36 h /741 EPS 1Y 7 it i 3 5
F(P<0.05)IGIR 5514 F i EPS it . SR1M, 415570
[ 48 h, RREME T RSN 2R S RS T
37°C, XUt , MRS B s 2 G
BUMABESE 2], XA R 545 g6
2 SRR . B 2-C JRoR T 2R PR Z2 M i A G
DA 3 AR T Btk IE R RE 1.2, 3).
4°C: y=0.7794x+0.0756  R*=0.9527 (1)

10 °C: y=0.808x+0.0724 R*=0.9858 2
37 °C: y=0.9066x-0.0031  R*=0.9288 3)
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RAGR R RE MMM, S5k
i}, 7E 4 °C. 10 °C #1137 °C Pearson 5 R %4>
B 0.976. 0.993 F10.964, —=FhiRE&MT, &
FIFIZHSTE 0.01 KF b EAHE OB . X it
W] EPS 1) 2 o Mash s MRS 2 A
1 — 2Pk

“fCJ4°C *
310 °C _F
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© - ad4°C

OD:5,/ODsos
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2. 4°C.10°CE37°C FHT EPS TERH TN
Figure 2. The contents change of EPS constituent
exposed to cold shock (4 °C and 10 °C) or kept at 37 °C.
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2.3 AEYIBIRTE SR SC B B

R T G b R I A PR IR TIOR BAE
BEAEVR AR T A2 4, FRAT b 7B BOE A
REEIR By 53t , AAEHEE L (pild) . QS £ (aphA,
opaR). T SIFH (trh)A1 T3SS Fe[H (verD1, vopsS,
vopD1, vscC2pB, verD2pB, vopP2B). 3% 2 N 4 °C Fll
10 °C 8 37 °C 4T, 4F 12 h, 24 h, 36 h,

48 h A1 60 h, @A LA SRR A= P wi I AH DG R [ 4%
FMATEOL, L R — IR 5 F N AR R IR
] BE R Sy g Mk 22 5 o Al 3 JEIREL i e
N, FREGEE GRS, Wl A e,
AL e R 08, BE I B Rt
T ARAEBZET, HER M AR
PR T AR B SR o AR RIS RGN, aphA

2. 4°CH110°C 5 37°C TAIE 12. 24. 36. 48. 60 h, EB;AM 43N E £ IEEEEF MG R

Expression of a selected set of genes in V. parahaemolyticus biofilm exposed to 4 °C and 10 °C or kept at

t/h

36

48

60

Table 2.
37 °C for 12, 24, 36, 48, 60 h
Genes T/°C
12 24

pild 4 1.407+0.072° 1.703+0.081°
10 1.609+0.045° 1.8060.080"
37 2.212+0.023° 2.163+0.032°

aphA 4 1.498+0.144° 1.329+0.069>°
10 1.817+0.103¢ 1.313+0.071°
37 1.729+0.075° 1.198+0.125"

opaR 4 0.904+0.130° 0.957+0.055°
10 0.702+0.905% 0.908+0.134°
37 1.055+0.033% 1.82040.129°

trh 4 2.412+0.137° 1.324+0.359"
10 3.553+0.667° 1.907+0.068°
37 1.410+0.301° 1.913+0.217°

verD1 4 0.813+0.035*®  0.614+0.067"
10 0.215+0.032° 0.992+0.087"
37 0.803+0.096*°  0.838+0.118""

vops 4 0.113+0.024° 0.276+0.052°
10 0.370+0.146° 0.124+0.025"
37 0.377+0.093° 0.055+0.007"

vopDI 4 1.585+0.434° 1.006+0.182%°
10 1.8000.189" 1.276+0.053%
37 0.653+0.239* 2.268+0.465°

vscC2B 4 1.019+0.191° 0.638+0.070"
10 1.242+0.191° 0.981+0.168"
37 0.507+0.069* 2.783+0.464°

vopD2B 4 1.00120.160° 1.051%0.300%
10 0.101+0.031° 1.458+0.410>°
37 1.284+0.198° 1.023£0.135¢

vopP2f 4 1.410+0.320° 1.027+0.069*°
10 3.445+0.404%°  1.257+0.262°
37 2.057+0.129° 8.121+1.148°

2.212+0.361°
2.29440.082°¢
1.951+0.060°
1.037+0.052°
0.998+0.063°
0.983+0.095°
0.6060.084
1.203+0.079¢
2.857+0.093¢
1.025+0.154°
0.923+0.050°
1.591+0.300°
0.865+0.102"
1.097+0.156°
0.691+0.076
0.261+0.032°
0.405+0.033"
0.204+0.026°
1.600+0.290°
3.187+0.766°
1.32420.415°
1.608+0.052°¢
1.353+0.225°
1.002+0.092°
1.255+0.127°
1.230+0.273°
0.64240.150°
2.369+0.471¢
4.184+0.485¢
1.548+0.365%"

2.356+0.092°
3.184+0.072¢
2.224+0.050°
0.999+0.011%
0.918+0.128"
1.958+0.049¢
0.915+0.074°
1.660+0.049¢
2.759+0.058°
1.050+0.128°
0.897+0.099"
1.871+0.100°
0.886+0.150"
1.368+0.121¢
0.935+0.092°
0.338+0.121°
0.391+0.022"
0.295+0.560°°
1,259+0.245%P
3.004+0.221°
0.821+0.206"
0.883+0.078"
2.210+0.180°
0.607+0.047*
1.344+0.211%
1.38120.104%¢
1.22540.202¢
0.994+0.158*°
2.716+0.362"
0.727+0.127

2.335+0.072°
3.096+0.083¢
3.298+0.095°
1.204+0.117%°
1.405+0.026"
2.0960.040°
0.980+0.035°
1.302+0.056¢
2.655+0.123¢
1.12620.095°
1.092+0.158°
0.048+0.061°
1.135+0.130¢
1.33620.070°
1.463+0.092¢
0.333+0.039°
0.260+0.032*°
0.075+0.021°
0.800+0.010°
1.969+0.176°
3.931£0.545°
0.438+0.050°
1.275+0.176°
3.602+0.585°
1.044+0.072°
1.905+0.036¢
0.095+0.027°
0.718+0.037°
1.393+0.138°
2.240+0.307"

In the same row of data, there was no significant difference in the representation of the same letters, but there was significant
difference in the representation of the same letters (P<0.05). Flagella gene (pild), QS gene (aphA, opaR), TRH gene (trh), T3SS

(verD1, vopS, vopD1, verD2f, vscC2B, vopP2p).
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Figure 3. Expression profiles of a selected set of genes

in V. parahaemolyticus biofilm exposed to 4 °C and
10 °C or kept at 37 °C for 12, 24, 36, 48, 60 h.
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(A)

37°C,24h

(pre-formed biofilm)

(B) 12h 24h 36h 48h 60 h
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Figure 4. Confocal laser scanning microscopy (CLSM) images of V. parahaemolyticus'*.
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Table 3. The correlation among biofilm structural parameters

e Biofilm structural MT BR P ADD H
parameters A B A B A B A B A B

4 MT 0 1 0.000  —0.996** 0.000  —0.999** 0.196  0.692 0.204 —0.683
BR 0 1 0.001  0.992%%* 0.243  —0.642 0.182  0.707
P 0 1 0.177  -0.713 0.222  0.664
ADD 0 1 0.863 —0.108
H 0 1

10 MT 0 1 0.007  —0.968** 0.008  —0.966** 0.729  0.215 0.640 —0.287
BR 0 1 0.055 0.870 0.987 —0.01 0.697  0.240
P 0 1 0.497 —-0.406 0.600 0.320
ADD 0 1 0.540 0.370
H 0 1

37 MT 0 1 0.001 —0.992%* 0.601  -0.319 0.719  0.222 0.590 0.328
BR 0 1 0.723  0.220 0.875 —-0.098 0.525 -0.382
P 0 1 0.197 -0.691 0.736  0.209
ADD 0 1 0.745 -0.201
H 0 1

A: Sig. (2-tailed); B: Correlation coefficient; *: correlation is significant at the 0.05 level (2-tailed); **: correlation is significant at the
0.01 level (2-tailed). MT: Mean thickness; ADD: Average diffusion distance; P: Porosity; BR: Biofilm roughness; H: Homogeneity.

R4 EVMWIREWSHIHEERBRBAXERNHERKR
Table 4. The correlation between biofilm structural parameters and biofilm formation related genes
MT BR P ADD H
Genes T/°C
A B A B A B A B A B
pild 4 0.178 -0.711 0.168 0.722 0.186 0.702 0.835 -0.13 0.013 0.951*
10 0.773  0.179 0.818 —0.143 0.740 -0.205 0.293 0.592 0.019 0.936*
37 0.139 -0.756 0.182  0.707 0.104 0.800 0.47 -0.43 0.664 -0.267
verD1 4 0.021 -0.932* 0.017 0.941%* 0.026 0.921* 0.224 —0.661 0.165 0.725
10 0.728 0.215 0.782 —0.172 0.682 —-0.253 0.559 0.354 0.578 0.338
37 0.172  -0.718 0.221 0.665 0.072 0.845 0.482 -0.419 0.833 -0.131
verD2f 4 0.450 0.448 0.536 —-0.373 0.411 -0.482 0.172 0.718 0.776 -0.177
10 0.240 -0.645 0.148 0.746 0.395 0.497 0.376 0.514 0.288 0.597
37 0.004 -0.978** 0.011  0.957* 0.415 0.479 0.663 -0.268 0.741 -0.205
vopP2f 4 0.459 0.436 0.513 -0.393 0.394 -0.497 0.138 0.758 0.797 0.160
10 0.033 -0.907* 0.010 0.958* 0.106 0.797 0.872 —-0.101 0.676 0.257
37 0.525 -0.382 0.401 0.491 0.295 -0.590 0.125 0.774 0.674 -0.259
vscC2f 4 0.516 0.390 0.606 —-0.315 0.470 -0.430 0.098 0.808 0.779 0.175
10 0.994 0.004 0.773  0.179 0.761 -0.189 0.008 0.966** 0.346 0.541
37 0.009 -0.962%** 0.006 0.971** 0.633 0.293 0.966 -0.027 0.708 -0.231

A: Sig. (2-tailed); B: Correlation coefficient; *: correlation is significant at the 0.05 level (2-tailed); **: correlation is significant at the
0.01 level (2-tailed). MT: Mean thickness; ADD: Average diffusion distance; P: Porosity; BR: Biofilm roughness; H: Homogeneity;

pilA: Flagella gene; verD1, verD2f, vscC2p, vopP2p: T3SS.
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Fate of pre-formed Vibrio parahaemolyticus biofilm under cold
shock
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Abstract: [Objective] The aim of the study was to analyze changes of pre-formed Vibrio parahaemolyticus biofilm
under cold shock. The source of persistent infections can be biofilms that occur naturally on food surfaces and
medical biomaterials. The change of pre-formed Vibrio parahaemolyticus biofilm under cold shock was studied.
[Methods] The changes of biofilm biomass were checked by crystal violet staining, exopolysaccharides and
proteins were quantified by modified sonication method and Lowry method, and genes related to the expression of
biofilm were extracted and purified by RNA extraction kit. The Confocal laser scanning microscopy (CLSM)
images reveal biofilm morphological structure, the correlation analysis shows inner relationship among biofilm
structure parameters and biofilm related genes. [Results] V. parahaemolyticus biofilm biomass increased
significantly during this cold shock period. Polysaccharides and proteins increased gradually in the extracellular
polymeric matrix (EPS). In addition, the expression of flagella and virulence-related genes were differentially
regulated. The architecture of the biofilm, quantified using mean thickness, average diffusion distance, porosity,
biofilm roughness and homogeneity also changed during the cold shock and these parameters were correlated (P <
0.01). However, the correlation between biofilm architecture and biofilm-related gene expression was relatively
weak (P<0.05). [Conclusion] Cold shock at 4 °C and 10 °C is not sufficient to reduce V. parahaemolyticus biofilm
formation.

Keywords: cold shock, pre-formed biofilm, Vibrio parahaemolyticus, biofilm-related genes transcription, biofilm

architecture
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