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W LH MY KM RT-PCR 1K 75 vk 3 8O 1 @V L 8B 55 ) Bk D 3k, O 5 R AR 20 27 1) 07 10T 90 3%
07 55 AN [R) 208 7K1 T S008I0 1 a7 AR 2 0 e e K7 vk AR S B S0 P R I P K (Vibrio
parahaemolyticus) ATCC33846 Jy A4}, 43 B $E BUAS M) L B (4.25 F1 37°C) F B A 5 RNA FIACHI 4l SR H A X
SE St R 7 A D ) I TR e B DR AE AN [R) I B A% A0 TR AR R0k 22 e, ()N e s s R €9 3 U AT R
AT I ) 5T 1% 356 HY A (UPLC/Q-TOF-MS) F &¢ g T AE 7 & K I L AC 20 R M) 32 43 23 #7 7% (principal
component analysis, PCA) LG4 ¥ L 9% 5 AU 20 56 56 72 St » O30 Jk 5z 7R 2% #1300 B 7K 2 A OGP 43 17 s 43 A
OB 25 edh BEDR I8 2 AR Gtk K5 R Y 25 SRR WY, AR BE 45 A1 N edh Jik R 334 98 59 1 R 51 5P 25°C
>4C >37°C ; {F tdh LR AR R IE KV T R AWM (P <0.05) 2846 1) 32 ZAC I 2 A HLIR « &0 L 1R - 19
Wi I LA B 11 AR S odh e R IA S BEA O (RHOGPE RS | r | =1,P <0.05) , Hor 3 Fh oy 70 4H 5%, 8
TP A ARG, HEERACN Y)Y dh JEDR FE ) IE A G 1 o 5. (8518 ] AHE 50 R L@ i L ol B AR 4l 5
B ) B K 3R IA A7 AL — 58 WAH M S A7 82 DAy RV I P 97 T 8000 AL B AR IR N R 98 R B — S B PR S
8247 BIVA ML PE I (Vibrio parahaemolyticus) s 7 )7 R ik, U S, M0

FE S ES Q935 X E S :0001-6209 (2014) 08-0882-07

R 2 2 5 SR AR — A FEEOFRAM W SR o BF R 5 O

ol 5 B 0 Al A A A L PR T AT AR A BEAR
WIREAT SE MERE 5O i) — 1122 R 2 RGEY) %
AL s . A AL B I N T2
WIRE R A R B A R s A
Ji T o
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tdh FER W3 IK 8, I T HE v R A £ % DU AT K
A7 I TH) 5% 3% 16 F A (UPLC/Q-TOF-MS) % %4 h 7 #7
G WEAL tdh 3 RAE AN [R] 220K 7K 7 T w1 1 5K
WACH R BRI 22 5o IRk — Bt R4 5 «dh
JH DRI 3R 05 TR AR DG P » Ay B i I 1 35008 ML 2R T
WF I B8 58 — 8 (M HL iR S At

| O R IR

L1 #H
SEEE P TN TR

ATCC33846 iy [ v [H B} 2% Bt 1k 4 ) ik 53 P » it £ 30
993 R S tdh, I 7 03,
1.1.2 FERXFIFNE :HEPES (1435 2 IR IE 2
W) WA LA TAEYBERERAA HEE N6
A, | IR R A R A E R, S
ek 2, Wy e 5 25 4 T A o R T BR A
Trizol 1 B 2 [# Invitrogen 73 & ; SYBR Green mixture
W) B ¥ £ Roche /2% #]; PrimerScript RT reagent kit
with gDNA Eraser A7) £ B H 4 TaKaRa 2 7] ; i
R S A B 97 3 (TSB) W A b 5t M B R A
P 3 4F A &) . UPLC/Q-TOF-MS I [ 26 [H Waters 23
H], Bt MassLynx V4. 1 T Al ; Centrifuge 5417R 5.0
LA PCR A% 8 [ 4 [ Eppendorf 2 7] ; MDF-053V
—-80°C yK4A M 1 1 A& SANYO /4 7] ;7500 Fast Real—
time PCR system JJ F 3% [E ABI 23 #] .
1.2 #EmaraE

W B R R T 5 mL TSB (3% NaCl) f1,37°C F
PE R K 3% (180 r/min, 10 h) , HE0E 4k 2 RFR1G Fh 1
Wo 733 414 HL 200 pL B ¥, ¥ 100 mL TSB
(3% NaCl) 1. o 2 414 5 E 25°C il 37°C T K 9%
(180 r/min, 12 h) ; 55— 41 7% 37°C N 1557 (180 r/min,
12 h) R )58 B % 4°C, i & 12 ho AR 9 1 4 B
Z IR HR A SR 715
1.3 RHEEIES5RIEEH
1.3.1 Bif&MH: M Acquity’" -BEH C18 [ 4
¥ (100 x 2.1 mm, 1.7 pm, Waters, MA, USA) #l
Acquitym—BEH C18 19 4 (5 x2.1 mm, 1.7 pm) ;
WAIAH 0. 1% H R KE W (A) — L) (B) 5 BUFE %
20 i /HD; FEs R 4k (0 =2 min: A 99% —
70% ;2 =4 min: A 70% —25% ;4 =5 min: A 25% —
25% ;5 -7 min: A 25% —10% ;7 —8 min: A 10% —

0:8 -10 min: A 0—0;10 - 10.4 min: A 0—99% ;
10.4 —12.2 min: A 99% —99% ) ; IF & 13 i 4 1 -
(0 -2 min:A 99% —70% ;2 —4 min: A 70% —25% ;
4 -7 min:A 25% —25% ;7 -9 min: A 25% —0;9 -
11.5 min:A 0—0;11.5 =12 min: A 0—99% ;12 -
13.5 min: A 99% —99% ) ; ki i :40°C »
1.3.2  Figh &4 damiss & 75 (ESD , R H IE . #
B A AR AR 5 B YRR B 100°C ;5 JI ¥ )
UL 650 L/h, i % 73 4 350°C 5 HE L AU
ot 50 L/h; B 40 & FHE £L & 25 il & 3000 VA
55 V; i SR AE R 0] 4 0. 28 s A% b 5 6 B A
50 — 1000 Da.
1.4 2 RNA By EUFA cDNA B9 & R

K Trizol PEHE U 4 RNA™ L ImL &%
it P KB 4°C, 15000 x g &0 Smin; FF B3 WA
1 mL Trizol, #% % 15min, & & # & 20 min; i A
200 L /By /54T /el (25:24: 1) , J% 15 s, B &
2 min, #R J5 4°C, 12000 x g &0 15 min; #5400 pL I
N LS mL g0 8, in NS5 R B 2 Y
(-20CHiA), A, - 20C J{E 20 min; 4°C,
12000 x g &> 10 min; # 2 F35, H 1 mL 75% ) &
BEVESE (- 20°C T0VA) S WRE B 0F N 30 pL
DEPC /K ¥ it . RNA [ 52 R H] BioTek [ #r A3 I
SE > SEAEVEIE L 1% (1) 55805 Bl 4t i v UKk A W o AR A
FE &L 200 ng & RNA H e 3 50 B 3% I N 3%
IR AL B4R, P24 cDNA BT -20°C &1 .
1.5 RT-PCR F & tdh BERBEFIEE
1.5.1 5|4 :KH poud.pvsA NS KK . 236
REAFES W 2 ADNPAT, BE 3 K. 519 il T
A BR A F A P A L 1o
1.5.2 PCR ¥ #: R NAK R K 20 pL, H 1 10 pL
SYBR Green mixture, I F 5|4 % 1.5 wL, cDNA
2 pL, b diH,0 % 20 pL. & M 4 £F:95°C 1 min;
95°C 15 5,60°C 1 min,40 MEIF;60°C 1 min B 132 HL
P o HJm BEAT 9806 PCR P W v i ih 48 e 35 )
FER Rk 5T .
1.6 HE|BEDH
1.6.1 FHERFREHKFELED M 5w a5
RSN 25%C, tdh LA X KB & H “17. KA ABI
7500 BRAFUF L edh K& DR R AR ik & o o R
2553 BT (one-way ANOVA) %if Jk K] A1 X 3¢ ik 1 % 4 gt
PG 2200, S5 DL P <0.05 Rosfr B &2



884 Zhuoran Guo et al. /Acta Microbiologica Sinica (2014) 54 (8)
% 1. RT-PCR & fi fi 314
Table 1. Primers used in RT-PCR of V. parahaemolyticus

gene sequence (5”7 —37) length /bp (G + C) content/%
pouA F1-pvuA: CAAACTCACTCAGACTCCA 19 47.4

R1-pvuA: CGAACCGAT TCAACACG 17 52.9
pusA F2pvsA: CTCCTTCATCCAACACGAT 19 47.4

R2-pvsA: GGGCGAGATAATCCTTGT 18 50.0
tdh L-tdh: GTAAAGGTCTCTGACTTTTGGAC 22 45.5

R-tdh: TGGAATAGAACCTTCATCTTCACC 24 41.7

1.6.2 X i§f 40 = KO3RS 3B FA 4 47 4 ] Masslynx
4.1 BEAT (0 1% W 1 2y R 00 A0 TS, SR one-way
ANOVA X BT 15 5048 MEAT G v A0 56 » s R A 35 1k
A A, 45 Ll P <0.05 RopqT W& M
J; P 0 AR RO S O 49 24l 3 N SIMCAP
11,50 k47 £ 5o 43 43 #t (PCA) 5 FY B2 JR % Rl 30T fe
IR A RN M, 2 IR ALY wdh BRI 3R IE 1
ARG, ARG RS [ v | =1, H P <0.05 LW
WAL tdh B PR35 = A R

2 4R

2.1 EIAMMNE tdh EEBRIEESR
N H RT-PCR # K X ATCC33846 #F 4°C .25°C
M1 37 C ARG F7 5 AT T ) edh JE PR 3Gk 5 34T R 0
K H] 7500 Fast Real-time PCR & 4t %t it 753 #4% 8 47
YT W E 25°C 45 F T tdh HE TR IR AH 6 3Rk &N
U7 B PR 1dh LR 04 X 3 R AT
T BT A9 SO0 B 0 B edh 3 TR AT 6 26 0
w4 RN (B 1) 5 tdh SERAEAS R T R IA &
1.0
0.8 4

0.6

0.4 4

Expression of gene

0.2 1

0.0 4

25
e

B 1. tdh ERE425FITCEHETHRIZE
Figure 1. The expression level of tdh gene (ATCC33846) at 4, 25 and 37°C.

E 4 25°C (1.0) > 4%C (0.56) >37°C (0.43) .
25C4AF N 1dh FER R L5 JLT K 4°C 1 37C 44
T2 £, AR EM Z 5 (P <0.05) ,4°C 414
R tdh HERE kB 37°C &4 N i 0. 13, (H AR {ETE
BEMZER(P>0.05) . FTLL, 7E 4°C 25°C 1 37C
X3 AN b 25°C Dy A AL PR KT ed e B D] B
2.2 EIAmMMINERIHEERESH

SEH UPLC/Q-TOF-MS %t 4.25.37°C 4 14+ F &l
AL SICB FRAR U 2R 3 AT A DU A5 30 R Il
P ICERT (1 34 20 1 2 35 1 A0 Pl o A A Y D
I AT AR B R 0k, R B 4°C I IE AR 1 I BE y
Sk 1255 F1 507 ,25°C I 1F A2 1 41 16 06 %5 B 43 i)
“h 1293 Fl1 649,37 °C i 1F 1 25 21 ¥ 0 $i = 43 03 b
1238 1 466 H4 Jit 19 4 B AT AU 4 45 g » 4°C I K
I F] 588 Fft £ 4 41, 25°C I Ky W B 655 Fh AL 4,
37°C A £ 639 F AR 2, BT AR W 2 B
MURR , S L1, I, W, Bg o 83— 0 W Bon, A HIE
FEAAE R R A AR A AR AR R ML
P2, SRR BE, W, Be o 53 Ah, i I TR S AR 1
Pt R AR B A, 8 R AR B AR A AR
) R AR R A

¥ 20 0 A O 1 IS 10 U A B 5 N SIMCA-P
AP AT 2 UG 4y M. me v K B AR 2 Y
T AT (PCA) 25 WK 2. B 2 WoR 3 44
MR 25CHA 1T AR TATHREESLRER
B R R Ay, R AR AL X edh FE DR 3R OK A7 AE
R DA i N S I T T = 2 M S s
i Pk SBT3 AU YR R Ak, BT T
Ja 85y KT
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Figure 2. PCA results of V. parahaemolyticus metabolomics under 4,
25 and 37°C. (A) Positive; (B) Negative. The black, red and blue
triangles represent the samples obtained from 4°C, 25°C and 37°C,
respectively. ( Based on the measurement of four independent

biological replicates. )

2.3 REIiFMMINES N ERRESRGHBRMYE
PRl
A B IR AR AR SR A 50 M vk 20 B ) 9 ot 1 7 4G

WAL tdh FEDN R IE A Gk o AH S 95 99 ] 20l
=121 k%R b e R oAU 4L L # J) B
RILZ MR IEE R IEH R —BOA N, MR
PERH I r | =0.8 KRR 0.5< | r] <0.8
FKoRPEMK 0.3< x| <0.5 LR KR
59, | vl <0.3 FIRAASCVE M 59, £ % 7] A A A
Ko AHAT W TTAR WA OG5 59 10 B B 7T AR 4 52 56 7
EREAT Bk BN R S b Mk B kM R K
el =1, H P <0.05 /AR5 tdh He R ik
AR B . 220 BT L, LA 11 AR 5
tdh FE TR 323k 22 1) vy B AH G (36 2) o Hh AR
3 -Methylcyclopentene. Conhydrinone. Triglyceride L
tdh FED ¥ 3 35 22 6] B A7 AH 9%, 2R WA ) 7 & B
tdh H& K R IE T B TR AR, A 8 Bl B R A R,
T W & BB edh B R G &) B TR R T
Bt e P T B R AR SR ME 7 v X 11 RGP S
tdh FE DN 335 2 18] i AR A BEAT B UE 1k 23 BT P 159 45
5 BRBRA AL T Mk — 2.

H A AL B8 20 BT e DL 5 edh JE RUAN [) 3 7K~
R FE VA A R R AN R
s W, Wi o AEUEFEAN L, AR SO 11 B Yy idh KRR
A8 e AR R RO A W) HEAT 23 R 8L, Herh A E 2 Ab
(4-Androstenediol,r = 1; (38,9B8) 7-Drimene3,11,
12riol,r=1) , BEMEZERE SR P=0.006 f P =
0. 009 ; fig 2 F# (Diacylglycerol, r = 1; Triglyceride, r =
1), BFE MR A P =0.008 Fl P=0.014;4
HLEE 1 Ff (Xanthylic acid,r=1) , B FHHEZER N P =
0.014, fid 1 F (Conhydrinone,r = - 1), g F 2= 7
M P=0.019. g8 b, EMERE | v | =119 %A
Fo WA 2 B edh R GE A5G HL R 25 K

F2. BIAMMNHEARGBAESRS dh ERRIZESEBLHREY

Table 2. The metabolites that highly correlated with the tdh gene expression of V. parahaemolyticus

pearson spearman
metabolites P P
correlation correlation

diacylglycerol (20:3(5Z,8Z,11Z) /18:2(9Z,12Z7) /0:0) 1 0. 008 1 <0.001
4 -androstenediol 1 0. 006 1 <0.001
3-methylcyclopentene -1 0.003 -1 <0.001
20-oxo-eukotriene E4 1 0. 003 1 <0.001
(3B,9B) T -drimene3,11,12riol 1 0. 009 1 <0.001
xanthylic acid 1 0.014 1 <0.001
isosorbide mononitrate 1 0.017 1 <0.001
conhydrinone -1 0.019 -1 <0.001
5“-methoxycurcumin 1 0.014 1 <0.001
(E,E) 2,5-hexadienal 1 0.015 1 <0.001
Triglyceride [20:4 (8Z,11Z,147,177) /22:1(13Z) /48:0] -1 0.014 -1 <0.001
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T Sk B S R A R A A LR L B TR BRI SR A A, 5 Cal T SRR WOE
Q%Mﬁﬂ%ﬁﬁ%¢%%%Mhﬁlﬁﬁmmﬁ T M bR A CBT o BE B W R B
MR EE. KA W) 5 edh K R 20k 10 E AR G IR B . %

b AR S A o o R AR 4 edh SR A
3 g (1A S 43 7 o R o A 1 2 L 3 T i X 3 —

RT-PCR 2 4% I 2 77 D 22 3 1 — b 45 2% 10 7
o FESE R R b — 0 L PR AE A R AL B A R
AeREREBABMEFEN NS TIREY, F
R —REEN NS TR R g
DRI b, 5 2 25 1T St o o G T O 2 e R %
MIWFSY, A Sk i poud, pusA S NS KL, RT-PCR
BFFC W 5 edh K K1 223K B P 9 25°C > 4°C >
37°C, H.25°C 41 F tdh JA ik B bk (P <
0.05) @& T 4°C R 37°C4&AF F iRk . B!
S ) L R T ) R PR 3 2 SR PR S 45 R TR R
RWI25°C Ny tdh D KOS AR, H 4C K
37°C 44 F tdh FE IR 32 35 B AN R LG «
7 L T U LB A 4 R S R 5 ek B TRR
] e ik K F R A B E AR EE R G, &
JEW, WL WL WG OX L 2K Wik R L I A% i
Pt GRTR R Y AR T TS
DRI ATEA 85 TR 26 46 ) w2 (AR 35 3 7 . Ligowska
FI1 Stintzi 5550 5% BLXG P B 560 3R 555 R 45 % 1 2 1
2 A B RE DR g ek T iy o T L ER B e A
WS S BUE R RIE AR RN, 0K FF 5
5 26 W9 3G H Py Q50 4 4 Bl 3 3 IR o A T L
1 ER B IR 4 P B A T AR A o I A T S 5
Hp R A B A A AR S VT R TR R S
5 s o R 5 ) D Rk R AR A, AT S L
A AR I R R AR A
2SO P B AR AL edh R R Rk 2
) R AR S PR 20 BT R B, 11 RS B4 5 cdh 3 R 33k
EEA Sl el =1,P <0.05), Hd 3 Bl £ 4 5%,
oA 8 FIIEA . H AT, JE DF 2%k 5 4% 3 41 2 1) Al
S MEBIF T M B0 (BFE A F SIS 8l 2
vk o Laila 25 P42 W 8 42 714 0 BCI R 2 40 B
DRI 32 325 AR U 21 2 160 £ A O M o 7E BE 2 RS
TH » Ried 453 3 xof 2 [ 15 4% 50 41 100 25 45 20 BT R B
125 11 2 It £ 25 7 35 DR £ SRR P L5 £ 1 A 0 A A
(¥ 25 Ak 35 PIAR 5 U o ACSC o 11 R A 16 2 4

DhREBEAT 20 M o, H ol WG (Diacylglycerol) 42 4

PHRRE ISR A AN L EEMW
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Z 2 3LHR
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Metabolome response to tdh expression of pathogenic
Vibrio parahaemolyticus induced by different temperatures

Zhuoran Guo, Xiaowen Cui, Jingjing Wang, Xiaohong Sun, Yingjie Pan,
Yong Zhao

College of Food Science and Technology, Shanghai Ocean University; Shanghai Engineering Research Center of Aquatic—
Product Processing & Preservation; Laboratory of Quality & Safety Risk Assessment for Aquatic Products on Storage and
Preservation (Shanghai) ; Ministry of Agriculture, Shanghai 201306, China

Abstract: [Objective] We studied the metabolome responses to different relative virulence gene expression of pathogenic
Vibrio parahaemolyticus based on reverse transcription real-time PCR (RT-PCR) and metabolomics. [Methods] We
extracted total RNA and metabolites of V. parahaemolyticus ATCC33846 cultured at different temperatures (4, 25 and
37°C) . We applied relative quantification to analyze the tdh expression and Ultra Performance Liquid Chromatography &
Quadrupole-Time-of Flight Mass Spectrometry ( UPLC/Q-TOF-MS) platform to determine the low-molecular-weight
metabolites. Then, we compared the metabolic profiling of V. parahaemolyticus by principal components analysis. The
correlation between relative gene expression and metabolome was obtained by Pearson and Spearman correlation coefficient
(r) analysis. [Results] The expression level of tdh at different temperatures ranked 25°C > 4°C > 37°C. The main
metabolites that changed significantly (P < 0.05) were organic acids, amino acids, alcohols, ketones, and esters. The
results from correlation coefficient suggested that 11 metabolites were highly correlated with ¢dh expression, including 3
negative correlations and 8 positive correlations, at the threshold of | r | =1, P < 0.05. Further analysis revealed that
alcohols were highly significant correlated with tdh expression. [Conclusion] The results suggested that there were
significant correlation between metabolome and virulence genes expression, which might contribute to understanding the
pathogenic mechanism of V. parahaemolyticus.
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