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BE F|F qPCR 7 %, # Hsp90a 2 Hsp90p mRNA 7& 1 [ A # 7 #F(Paralichthys olivaceus)

FTERAREREARF, #t—FRMAETE RN, BNELELEHRER A,

%Ei‘ , Hsp90a

Fn Hsp9OB & FE A B Aty 13 AL, B, 5. BEHR. O, WA, FAE. % #8
g # | f R R B 35 A & ik . Hsp90p %Lﬂ@‘%ﬁﬁmiﬁ Hsp90a 8 A T #P AT, FH .
AL &8 Hsp90a KX EZ L E 5 T HM AL F A A .12 AH .24 A#)E 44 é’]i%LE(Pd) 05)

i Hsp90B 7 1 [/ Fl & F &P by R Ak B F A £ 57, ATt &k

ERE, A8, FIMELNE

K ERK, ¥ 8 AW FEAE S32CH M 1 h, FTHH. B Hsp90a & 5 i8(22-32C)th kX E R F A
1 (P<0.05), T Hsp90B ZE (K& (5-10C ) thk ik & £ # 75 (P<0.05); 7 10°C., 28°C# £ #| % 8 h,

Hsp90a 7 Hsp90B #y mRNA #) & £ &
Hsp90p (P<0.05)., 7 8 I T &k 4
FABEE

EREFAETHELS, Hpa WEAEZMIBELE ST
72 h 7, I 4T B% ik Hsp90o #1 Hsp9OP By %k 34 & 4 T % & £ 7+, Hsp90p
F hn B #(P<0.05), 4% %%, Hsp90a 1 Hsp90p & 1 [ H # .

Z8 IE] AR Q’J%Lﬂ(%ﬁ

A& # 5%, Hsp90a 72 15 I8 B % 4 b7 09 RN B &, Hsp9OP KR xt s B E R LWy KRB B, #F %

2 RN T M 47 Hsp90 B E A ALHI RS54
e 40]

hESES S961  XEEFRIRAD A

PP R H (Heat shock proteins, HSPs)j&—J7E i
B BERSF IR, T2 AEE T AR AR ]
JEE RNy THER/N, HSPs A 434 Hspl10, Hspl00,
Hsp90. Hsp70. Hsp60. Hsp40 F1/N>F Hsp (sHsp)
FWi(Feder et al, 1999). A=A A 52 2 A5 = 1
HAE L LR e R | A | A2 S A BRI
Z3U% HSPs MRIZAEG L, 1R T FEAR i 20 A
JAT, PRI A M B FEM N s D Re, AEREDLIA Y H &
Fa5E M (Vabulas et al, 2010), I4h, HSPs 53 515 &
P BRIV 280 BN, FEL S S 3 . VAT bk L 400 L R 5
YA | S AT S a2 41 b & AR (Suzue et al,

4% ; Hsp90o 71 Hsp90B; qPCR; % & ki ; #8910 i Rk 4
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1997; Osterloh et al, 2008). [Al¥E, HSPs n/E N5
TN, eI AT JRER YL Hh & #E A FH (Colaco et al,
2013).
Hsp90 JEHLIAAN i b B2 MR A, AEJERN %
KT RSB EGEEEALEN 1%2%, EHS
,JfFTE’J%%Lgﬁigi 4%—6%(Pratt, 1997), TE¥HE
i, Hsp90 £ ZFp gk, £ M3 Hsp90a
H1 Hsp90B. WM ALY Grpo4 . ZARi{R% ) TRAP,
EMNE54EM L3R, WES1ES . 4iiafk.
A AT AR R A RUE R | SR 45 (Zhao
et al, 2005; Wandinger et al, 2008), 7EfZEH, Hsp90
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Z 5 IR NLA & 5 (Du et al, 2008) . 274 (Manchado et al,
2008). %4k i (Padmini et al, 2009, 2011). Hi4HH
J&YL(Cha et al, 2013)% 2 il e, A (Paralichthys
olivaceus)/&: # ZL AU K L P a2s, B R B A 61 2/
Hsp, f34f Hspl0. Hsp40A4. Hsp40B6. Hsp40B11 .,
Hsp60 ., Hsp70 ., Grp78 . Hsp90a . Hsp90B F1 Grp94(Cha
etal, 2013), i, Hsp90o 1 Hsp90p Ay FEH F4
SN, ABENTRY DI REFVEFABLE M ARG . ABFR
AT A 6F Hsp90o, A1 Hsp90B 7E mRNA /K-F-FLH L1
A7 Rk B T E R S5 R I o R A TR R
PE—2 W S 6F Hsp90 9 e FIAE F ML 42 (L 238
FERl

1 MRS
1.1 SEIEzhid

S8 AR SR 2 S 0 ¥ L AR 9 P T K A PR
FREH A, BFE TR R, WA, SRR
(19£1)°C o SEHGHT, ARHLREALE 3 B2 A k2 2L
TTHE B, W RSN BT R 225905,
1.2 51¥igit

8% NCBI U s# 7 6F Hsp90a (GenBank No.
DQ662233.1)fll Hsp90B(GenBank No. DQ662234.1)
mRNA JPFEIH2O0E & PCR FRN#519), LI 6T
B-actin %&£ X (GenBank No. HQ386788.1) NS, 5¥)
FPATEILER 1,

£ 1 SEI8FTA gqRT-PCR 3|#1 K% 5

Tab.1 Sequences of primers used in the qRT-PCR analysis
519 191751

Primer Nucleotide sequence(5'—3")
RT-HSP90aF CCGCTGGTGGCTCCTTTA
RT-HSP90aR CTCTCGATGTATTCTGTCTGG
RT-HSP90BF TGACACTGGAATCGGTATG
RT-HSP90BR TTCTCGGCAACAAGGTAG
B-actin-F AACCGCTGCCTCCTCCTCAT
B-actin-R TCGGGACAACGGAACCTCTC

1.3 SEIGigit

131 Hsp90 A B £ R E A H BT 8 R B 412269 &
S TEHU 1 H % (20+£5) g 8 Hi#%(200+£50) g
12 H#4(500+50) g .24 H#$(1000£100) g 64 3 |2,
AR E . WUIE . SR TRE L O LA TR
. M. 88, EEE . AT 13 NES, ATRE

HRTER , 280 CUKMRAE .
1.3.2  iBJEALE T T 8F HspoO R B Rk 69 ¥Hvm 5
K e 8 H ¥ (200+50) g S 6F K6 AN [ 5 o ik
Hsp90 FEH R, B8 7 MRS, 10, 16,
19, 22, 28 fi132°C), B MREHKE 3 1174,
FPATAL 12 BAGE, AR AEA R K P CE 1 h
J&, U R R h A, SR E-80°C
VKA R

BEE 2 FEEE(10°CHI 28°C)AMIFFE 1L Hl s owt
Hsp90 FEH R, R MEERE 3 P14,
B 12, /1. 3.5, 8 h, AFRZERE,
TR HSF O I AR R P AR AR, B 80 °C VKA
A7
1.3.3  SEINH R F 27T &7 Hsp90 J IR A ik 69 % vh
STV 8 A (200+£50) g A6E, SR YL 2H Fiwt
MRl , R4 20 BB, & 34 PAT4. Byt Mg s
570.1 ml # B 1x10° CFU/ml (1988915 M3 15 14, %F
HRZH S A PR K o ETESTE 0, 6. 12, 24, 72 h,
iR 3 B AT AL AR A PR, BE
—80°C VKAH AT

1.4 RNA i2E. cDNA 1& K FESE PCR

80 C 1714 F 6iF4H 21 90-100 mg, F RNAiso
Plus(TaKaRa)fili i 44 RNA, #4141 RNA R i 5
R & (TOYOBO)H# f W W2 BR 5 i ¢cDNA, fRAFF T
—20C%&H.

fifi Ff| TransStart Top Green qPCR Super Mix(£= 3\,
4 )RF) B} S 645 4140 cDNA 7ESE} 266 E # PCR
{X(Bio-Rad) #4745 . I FIH] SPSS #4748 12% 43
Mr, P<0.05 HEFBE.

2 HR

2.1 Hsp90 mRNA 7EF &AL FFRIEFS

Wit qPCR K il F&F Hsp90o F1 Hsp90p A Ay
mRNA 7EA /) H ¢ FEER L5010, S50 BoR, 24
FLRAE 4 Fp AR EE(1, 8. 12 F1 24 A )Y 13 Fhddl
AU A F A (B 1-A . 18 1-B), Hsp90a 7E 8
AR A S i Rk iy, Hrb, 7R 8F0 1K
RALEL ., T8 T WURE S8 AR Rk it T
[F] 41 4UH A 3 4H(P<0.05), 7EPIIELHZL(IAE . & 15 .
WG RO R ) FR IR R AR Hsp9op Hy R k7K
SRR ST Hsp90a, Horp, 7EFHI Bk K
L, MFEERR A LUEE . T WURE 8 1) ik 5%
ik
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Fig.1

ANIE T # F4F Hsp90 mRNA 1A% Feik 7K -

Relative expression of Hsp90 mRNA in different tissues of P. olivaceus at various growth stages

A. Hsp90a mRNA; B. Hsp90p mRNA
a. b, ¢ Ml dURA AU ZM 22574, AR TR0 22 52 A48 B35 (P>0.05), AR 718 22 573 .35 (P<0.05)
Letters a, b, ¢ and d present the differences among the various fish age groups; the same letters indicate no significant difference
(P>0.05) and the different letters indicate significant difference (P<0.05)

22 AREIBERP 1 h 33 FEE Hsp90 mRNA Rixh

=11

¥ 8 Hili(200+50) g F B E TAFIRENEK 1 h
J&i » ERUTF A DG AS: 0 Hsp90 & [ mRNA Fik7KF,
SEROR, TERMRIR(SCHI 10°C)FIE B IR (16°C
F119°C), 45 Ab B 2H 2 B T Bk R4 AE %) Hisp9Oa. 4 AH X
FRERAR, /91N 0.51-0.60 F1 0.03-0.04, 42
8] JC 2 M2 5 (P>0.05) (K] 2-A [ 2-C); MK
T 19°CHF, JFFE Hsp90a KA X33k & B & T+
(P<0.05), H1 22°CHY 1.26 Fhi 3 32°CHY 238.74; 1M 4
KT 28°CHE, A Hsp90a Y mRNA X} ik
BT R, 28°CHY 5.13 TR 32°C 1Y 30.49,

TEBARIRE(S. 10 F1 16°C), FHEATHE Hspoop
FOFANS 23kl 132.36-139.11, W3 T e in Ak 33
2H(19.22.28 F132°C)1 33.51-89.2 (P<0.05) (/& 2-B);
TETE B FERKIR(16°CH 19°C)rf, JJIE Hsp90B fAH
X F A HAER(1.27-1.35), M&HRIRGCH 10°C)FI
FEAL (22, 28 F132°C), JEIE Hsp90B FAHXT ik
T I TH i (P<0.05), A 2.15-3.12(8 2-D).

2.3 FAIBRERIEAFEE Hsp90 mRNA ik B 240

TE 10, 28°C Nl B ASIRIIFA], K6 o 6 AT ik A
JELAE Hsp90a A1 Hsp90B ) mRNA X #ik i, wik
b, iR A IR A SR, A EE Hsp90a Al
Hsp90B 1 mRNA A% 25 & 22 BT+ R BRI A2
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Fig.2

Expression of Hsp90a and Hsp90pB mRNAs in the liver and spleen of P. olivaceus after stimulation at

different temperatures

A: JIFIE Hsp90o mRNA FYAHXT ik i B: IFAE Hsp9OB mRNA [FIX ik C: MIE Hsp90o mRNA FYAHXFFik it ; D:
JEHE Hsp90B mRNA BUARXI KK s a. b, o M d fURALZ A 22 508, MR 78 22 578 35 (P>0.05), AR TR«
TN 255 3 (P<0.05)

A: Liver Hsp90a mRNA expression level; B: Liver Hsp90p mRNA expression level; C: Spleen Hsp90a mRNA expression level;

D: Spleen Hsp90p mRNA expression level; Letter a, b, ¢ and d present the differences among various fish groups; the same letters
indicate no significant difference (P>0.05) and the different letters indicate significant difference (P<0.05)

fbitas,

TE10°CALEERS, AFAEARY Hsp90a A1 Hsp90B HY
mRNA FAEH07E3 h Al h BHARIRKAEP<0.05)
(K13-A. K3-B), M) Hsp90o £ Hsp90P i mRNA
FIR A HIAES h AL h ik B i R E(P<0.05) (K13-C.
E3-D), [A], JHWEFTENE H Hsp90B mRNA FKikiE
AR 5P 2 5 T Hsp90a mRNA 92635 7K - (P<0.05),

TE28°C A HRT , BFEAY Hsp90o A1 Hsp90p mRNA
FIXEIYTELD h B A 3 & K (H (P<0.05)(E14-A . &l
4-B); MJEFRY Hsp90a F1 Hsp90p mRNA FikH47E
3 h I 353 i KAE(P<0.05)(E14-C . [K4-D), Mi7Ef K
{ER}, Hsp90a mRNA [3%iE /K8 3 & F Hsp9op
mRNA B £ KK F(P<0.05), AT LAGEHAE— i
Ko [, FFRERELIE H Hsp90B mRNA 3Rk it %
A B 25 T Hsp90a mRNA 14 ik 7K F-(P<0.05),

2.4 EEINE BT SF & Hsp90 ik A2

PLBE ST M3 JER YL oF T G J5 72 h PR JELAE
Hsp90 mRNA [1YRIEKVAEM o 57 5 AR BRER K %
HEAHAR LE , SRR ZH I Hsp90a ) ZEik e 6-12 h S 8E
TFHE(P<0.05), 7E 24-72 h [{3 3k [8] T} (P<0.05), 7E
LIS 6-24 h BYRIA|ALT A IRA , FRKika{UTE
72 h TR IR (B 5-A). [RIRE, R4 oF 6
Hsp90p MEIBRIE 6-24 h £ TIE; TERGLER
624 h HFBRELT XA, 76 72 h ik gL -
T+(P<0.05)(1#¥l 5-B). 85K B YL 5 , A 6T JLE Hsp9op
RYZE AL iR B2 HE Hsp90a K

3 itie

Hsp90 1315 Mo A fE 2R BT E A B2 1
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el o AR A Y BE LD fa ST R B, Hsp90 7E Ak
JHF 5 UL PR R 4478 263K (Murtha et al, 2003), 75 ZE45
/R f5(Solea senegalensis)fy O I . B EEAL. B AKRANH
2 Z A S RGN 3 Hsp90 AY 2¢ 15 (Manchado et al,
2008), AMFFEATIA 6] A& 7 I 2F 8F 13 A~2HEL
Hsp90 RN TENL, [RIFEEZ I, Hsp90a F1 Hsp90p 7E
FoE A AL P A FRIK, R Hsp90 7EA 6F K H
B B S #53R oy el 20 oA — e AE o Hsp90 7RI 4H
Uk —E 2255, Hsp90a 7E 24 H & il 4F 4
(4 3k B ek RS, Hsp9OB 7EM . i AL IELIE v
FIR B, X5 Z A0SR HRGE YA R IR R 5,
2010), Hsp90 7EA[RIZHZIr Y25 R R IA P R 544
M DIHEA K o
EAWFFTUE, Hsp90a FENIFEFAEL, 1M

Hsp90p 7 K25 21 rh 2R 2H s 1A (Millson et al,
2007) o AWFFE LI, AH LT Hsp9Op MUAHXT Rk &,
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FETEAS [F) A4 A= K & 5 Bl S0 R 448 e ) ) o] 4% 56 A 3 0
FEH AL/ FH (Sreedhar et al, 2004),

PR TR I = AR BT AR kb, e mT LR
A AR R BE T, R R TITFAEE 7T . Lindquist
(1986)WF52 F B, HSPs A9k Bl i 5 H W 32 22 1EAH ¢ .
TE ¥ ff1 (Ctenophryngodon idellus)(J 2855, 2013)Ffi
f1 (Oncorhynchus mykiss)(Sathiyaa et al, 2001)FJfF 5%
Hr, Hsp90 [FIAFE Fifi i B2 9 s 1T _E o o ASAH SR IRl
PR, TE G S RO SLIE ZH 20, Hsp90a mRNA %
TS o B IR R ) 48 R, L R AR 28 AN [ L
IS, A 6T Hsp90a MYZRIBAKF R A Ak, 7E m il
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Fig.3 Relative expression of Hsp90 mRNA in the liver and spleen of P. olivaceus treated at 10°C for 8 h

A: JIFJE Hsp90a mRNA FIAHNT ik 5 ; B: JFIF Hsp90p mRNA HIAHXF A F; C: IE Hsp90a mRNA (AR Feik & ;
D: JHE Hsp90p mRNA MARXI KK a. b, oo dIURSAZERZ RN, MFTEN 274 B2 (P>0.05),
AN [l 7 hE R 22 53 1.3 (P<0.05)
A: Liver Hsp90a mRNA expression level; B: Liver Hsp90p mRNA expression level; C: Spleen Hsp90a mRNA expression level;

D: Spleen Hsp90B mRNA expression level; Letter a, b, ¢ and d present the differences among various fish groups; the same letters
indicate no significant difference (P>0.05) and the different letters indicate significant difference (P<0.05)
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Fig.4 Relative expression of Hsp90 mRNA in the liver and spleen of P. olivaceus treated at 28°C for 8 h

A: JIFIE Hsp90o mRNA HYAHXT ik ; B: JFNE Hsp90p mRNA [HIXT ik C: JRE Hsp90a mRNA My HIXS Feik it
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AR PR R 22 57 B 35 (P<0.05)
A: Liver Hsp90a mRNA expression level; B: Liver Hsp90p mRNA expression level; C: Spleen Hsp90a mRNA relative

expression; D: Spleen Hsp90pB mRNA relative expression level; Letter a, b, ¢ and d present the differences among various fish
groups; the same letters indicate no significant difference (P>0.05) and the different letters indicate significant difference (P<0.05)
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Expression Patter ns of Hsp90 of Paralichthys olivaceusin Response to
Temperature Treatment and Vibrio anguillarum I nfection

SHENG Anzhi'?, JU Huiming', LI Guiyang™, LI Jie**, MO Zhaolan>*"

(1. College of \eterinary Medicine, Yangzhou University, Yangzhou 225009;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 3. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071)

Abstract In this study we investigated the expression patterns of Hsp90a and Hsp90p of Paralichthys
olivaceus after the temperature treatment and Vibrio anguillarum infection. qRT-PCR was used to detect
the expression of Hsp90 in different tissues of P. olivaceus during a series of growth stages (1-, 8-, 12-,
and 24-month old). The results showed that Hsp90a and Hsp90p were expressed in 13 tissues including
liver, spleen, head kidney, kidney, heart, muscle, dorsal skin, stomach, intestine, gill, pelvic fin, brain, and
blood at all growth stages. The expression level of Hsp90B was overall higher than that of Hsp90a.
Expression of Hsp90a was significantly higher at 8-month than at other growth stages in the liver, gills,
dorsal skin, dorsal muscle, and pelvic. As the level of Hsp90p varied at different growth stages, it was
observed to be higher in the liver and intestine. After a treatment at 5-32°C for 1 h, the expression of
Hsp90a in the liver and spleen was rapidly increased, whereas the expression of Hsp90p did not changed
evidently. After a continuous treatment at 10°C and 28°C for 8 h, the expression of both Hsp90a and
Hsp90p in the liver and spleen declined after an initial increase. Expression of Hsp90a varied in a wider
range than Hsp90B. Within 72 h after the infection with V. anguillarum, expression of Hsp90a. and
Hsp90p in the spleen first rose and then decreased, and expression of Hsp90p had a larger variation range.
These results indicated that Hsp90a and Hsp90p might have distinct expression patterns in different
tissues at various growth stages. Hsp90a may be apt to respond to high temperature, while Hsp90B could
be more sensitive to pathogen infection. These data will provide the basic data for better understanding of
the functions of Hsp90 in P. olivaceus.

Key words Paralichthys olivaceus;, Hsp90a. and Hsp90B; qPCR; Temperature treatment; V. anguillarum
infection
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