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FEELEPFM HSPIO EFEMARFRERES
FRBREENXAR

KRR, RENT, B m, R %
LI AFA L K RV AT AT IR 0% | B 201306)

EE: #4R 50 & & 90 (heat shock protein90,HSPOO) 48 i W L E B & B, EHF 5 #
RHESN EREEER T HARESH N EARETRN A HE L ERTEETRE
KR KA LR %t EE RT-PCR HL AR N T F & # HSPOO 4 F £ 1F 2 X 8 1 4 ik
FEHRPHERL TN, FREV,HSPIO« £ ik & & 8 AL 7 fo B &/ 5 0y k 3k, T HSPIOg
TE R fa BB E AR E P R Bk 3k . HSP90q mRNA K76 1 # 747 2 27 6] 3 80w , & A7
A% G KB &E AT R HSPOOB # T EAF BN T ASH AL RN AL, 5T
FR ig % & (thyroid hormone, TH) 78 % &7 % A W By & ZE A, £ i3 A sk B9 TH R 5 ik
(thiourea,TU) 4 32 7 &7 1F & & # & TH xf HSPOO F [ % T oyl 7. 5§ KA 448t
HSPOo 454 TH A 8 d A 13 d ifF & B F W o, & TU LB & F A B R D=
HSPO0B mRNA K-F A1 Z Gl 3%, N _ERE R, F 4 o HSPOO« B %% AR ¥ 6 9L
FRBRHEEZ LA MEEETHNEARTETRETEZHEA,

KEW: T8, TAKE; "RkeE A 90; EHEKK; FREHE; #wlk; KotEE RT-PCR
FESES: Q785; S917 XHEKFRIRAD: A

YK T2 (1 (heat shock proteins, HSPs ) Jf&—
HHAAEEAIGE G5 L mERTEA R,
FEAIMLZ B RIE R BB E R 15 4 H 2
5 R e R AR Y . RS TR
JINAI ] B AR B AT 4y ol HSP100 . HSPOO | HSP70 |
HSP60 FIi /35 HSP &8 JLA 5K %, Hi v HSPOO
&M o FE B R 18 & B ( chaperone
proteins) 7 £ R R AN bR A7 AE, 4T
B 1% ~2% " . FE4HESh P HSPOO 3=
FLALFE AR 1) HSPOOo 1 HSPOOR , P4 J5it 9 74 1)
HSPO0OB ( Bl Grp94) L) 2 £ % f& HSPOO [a] 5 4
TRAPY ™ IR 5 52 1 5 2 b 40 i 3 ik 4 19
TN [T A 3R 2 A 2 1 B 00 S 2 1 0
HOREE A A A R X S R 2 fg AR
BN RS 2B 5 MRERERESES AN
0 ) B T ST i N W N T s L A w43

i B E:2010-02-25 1&[E] H#7:2010-04-19

JSISE LA B IO 354 575 A 45 Ak 22 i A et A 2
FIFFE ML A A A 8 R 7 T8 7 0 B e B AL F
RZ—

HSPOO S 5 Z R A YR LEHH K, 1L
TSGR 0 SR H] HSPOO ()4 FH AT 41 30 AR 2535
AR AL . e HSPOO 15056 f 3 3 37
& ( ecdysteroid receptor, EcR ) 4% & fE i & 7¢
AL MTE A BOH B IT R W] HSPOO B
TEFENINIR R ( Solea senegalensis) 78 2511 J5 H B
TR R 255 o HUE, 4 3¢ HSPOO 1627
BEAR SR BT, B A E N AME A HGE .

@} ( Paralichthys olivaceus ) 3 J& 8% 1 H
(Pleuronectiforms) , j&t # % (YK £ 2k, T8
BRI A TE S A R AR RS R F o
T AR RS 28 BRI 220, A8 257 I HWLEF
gty Ve RO AT Oy AR R A T R

FEWE : [E K B AR R TUH (30571420) 5 RifE i G # R K A A 7 B0 H (S30701) 5 B KA T AR B T H

(05 -151)
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AR et A 2 LA R B4 4 R 2 A8 S R %
FRIOHES , A OF R X RS k F 5 i PR
Z (thyroid hormone, TH) {4, HAE FH £ 28 3
B H A — 1 25 [ B % 2 K (thyroid hormone
receptor, TR ) 45 & 1 5 4 s B A 5% 5% i 55 3K
fi6 12— S A A O 1 e R i 5 4T
W, IR R ) Sox9 | Bmp2 Fil Bmpa ™ 45 |
{2 AT ASRETE A8 A T 6 AR AR A TR AL . e
I, P EER R HSPOO [ 14 7 1 7 51 E 8 i e
RV 3 0 (1) HSP9Oo ( GI: 110226521 ) F1 HSP90g
(GI:110226523) , {HZA4 ¥ HSPOO 3 Fik 1
FEPrh R o A RS R F A8 4k & TH
Xof LB PR St ) s e o DL ARG . 45 T HSPOO 7
WMEE ST i A 5T k2
T A=) AR 3SR v B AR AR 9T R F 2 B
P E 5 RT-PCR (real-time PCR) £ R A& T
BEP R HSPOO JE R 7EAT . & B FIE K AF 4121
My 3k, [\ B s TH Rz H A s 4 i) ) i ik
(thiourea, TU ) 4b P o 841 KAy & TH X HSP9O
HE R SRR, AR T HSPOO 78 2F BEAS 25 v 1Y
VERT, 2 — 20 AR o 6 AR 25 A LB B 0 Bl
1 MRS Ik
1.1 XiKf&H

SE TR ST A (n =3 BB) WA i
B )T 7K 7 it T 3 e E BCEC T I o LR
BEE B LI AR ZH 20, ] DEPC 7K ik
T8 G ER AP HG, KRG ET -80 T
#Ho

Jt 2 A7 B A K R B AL
WL SR, 2 N TR F76 15 ~16 €
AL I K AR IEE K R IEAL 3 d JE . Eb)E 3 ~
20 d FMR 2/ NERBEWR B SR FE AL, B4R S 14 d
AR R MIIES S I AR AL N e A O
AFRIE IR KRR FETE 14 ~ 16 °C 4 R I5 4K
2 WK, B 172 JKEE A i R A 43 0 AR AL
J517 .21 .24 .29 .33 fi136 d #:47, X F
Minami Y 19 D ~T 8. (1) D ] RIS 2507, 47
ARG IV A TE 6 # 2, P R IRIE Ao 4 58 A XK
(2) E HAHR W& MW 46 7% 3, A 01 46 78 25
(3) FIIRIASZS R, N ZC ] DL UL AS O Ay IR
W, A IR BB 3R K105 (4) G R
A, A AR gl Sk To; (5) H RIS 5 1,

AIRWIGFOE T KT (6) THIIRMG RS Bh &R, A1
SERUVER, Z G AREMI . A5 A8 ] DEPC
JK IR PET4 , 7E RNAstore H 4 “CiCE 2 d LhEBR
PR RNase, Z Ji5 —20 CLRA7E

N T HFFE A HSPOO B[R] 1 % A J2 75 M #i
TH (345, 5302k A TH F1 TU 40 39UF A1 44
LIS 15 d 1 2P SEAF 56 RS 31 3 4> 300 L /KA
EERE T, o 1AM R, 2 D EREAL )G
17 d 4391 m 0.1 mg/L % TH F1 30 mg/L
TU, J7 55 B Inui %527 W i5 K 5 it b 7524
Yy, iR A A0 BRI (B] DR 3 25 W R AN . RE A Y
KE R YA E 8 F1 13 d #E1T, Jr ik
A b

DL E A A B BORE S 73 D0 3 A4 T IO RE
H,Bin=3,
1.2 FEAHRZMKF

FURIRR (TH) Bk (TU) 9 3 Sigma 2y
w] ,RNAstore F ity PR A7 1R KM AT B %2 285 48
DH5a | Ji2 [=1 508 57 & A SRz /N3 75 & 0 [ K
MR\ T], TRIzol i3] ) H Invitrogen 7\ &), DNase
[ 5 A Qiagen /Y ], PrimeScript™ 1st Strand
cDNA Synthesis kit, SYBR® Premix Ex Tag™,
pMD-18 Z {4l B TaKaRa /7],
1.3 RNA RREIF#EHER

FIr A R b 2 5L RNA {9 $2 Hi 1 R A TRIzol
2 PR IR & U B B s ST, SE T
FHASF B A vh ™A% BJj 1E RNase H){5 9%, N T
PRk /b i 2 41 DNA, fir 5 RNA A 0 25 1
DNase [ 4bFH 30 min, RNA {9 ¥ BF il 4l BF %
SN G ETH A B AR WEEE I HL VKA, OD g0 550
fEH¥TE 1. 90 ~ 2. 05, RNA g% B 4F, r A
RNA £ 5 4 B 500 ng, #% #8 PrimeScript™ 1st
Strand ¢cDNA Synthesis kit 1t ] & 5 ¢cDNA 2§ —
ARhik o
1.4 ZETRFEEE PCR

FEGIYR ] Primer 5.0 8¢5, O 7N
A~ HSPOO J [H 1 47 3 4y 5 4, K¢ HSP9O« Al
HSPO0B 19538 PCR ;=) 4lifk, i% 2 3| pMD-18
A Al O R IS R UKL, S8 )5 LA HSP90« il
HSPOOB JFURL M54, 7351 il HSPOO« FI HSPOOB
BT PiEAT PCR 978, th sl 5| ¥ A7 e R
Fi PRI ko

{#i Ff iCycler PCR {¥ ( Bio-Rad) #1T RT-PCR
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EE ¢

34 %

FBLo ESGEL 10 f5 80 R B AT 1 cDNA Sy
M HIVEPI A~ HSPOO H 1) R 2 BB ] B-actin
MIFRERTZE . PCR AR R EARFE 25 ul, £
#% 10 ng RNA i 5% %75 3|19 ¢DNA,400 nmol/L
FEHE R R IER MG (% 1),12.5 pl
SYBR® Premix Ex Tag™ ., PCR 7 i 5% FH i 4
BOREF N 95 CTHIZSYE 4 ming95 T 284 10 s,
60 TR A ~FEAH 30 s, 3L 40 PMFIF, RS
J6355 C 30 s EF-3] 95 T, 3k 81 MEHRAHIE
fileth . &R PRt 2 A — R stk
W, FRUEHIZE B R (EI KT 0. 998, HH B 14 4
BOR(E) & T 0.95, 1 H B 958 A2 BRI Y
M {EMHZE/NT 0.1,

F1 ZHEEE PCRETASY

Tab.1 Primer sequences for real-time quantitative PCR

FEH Bkl JiBER/(bp)
gene primer sequence(5'—3") size
HSP90a F:AGCGTTCAGAAGTAGTGT 158
HSP90a R:GTTCTAAAGGGAATGACTA
HSP90B F:TCGTGCCCAGAGCATTAC 161
HSP90B R:ACCATTCCCATGTTCACC
B-actin  F:GGAAATCGTGCGTGACATTAAG 155
B-actin - R;CCTCTGGACAACGGAACCTCT

- F IR 51905 RO 54

Notes ; F. forward primer; R. reverse primer.

>
1

=

250 bp

.’,..,--""---

-
100 bp

R F 3R SR A HEA T BT S B il 1) H Y R R
JET, W3 IREL . S 1 FREA PCR FOR HHmA
fIRE A RNA B cDNA 3, SR AR [ 5 b 44 2 il
FAF AN A Y PCR 8 v [6] i 47 2 BE ) -
actin ) PCR &/ o
1.5 BiESH

P> HSPOO K& P 1% AH X mRNA 7K *F- >k ]
27 A8CL O B P 28 + B34 15 (mean
+SE) i, n =30 Gttt AR L LT E
FYARXT mRNA A% B, AN [F] & & B B 25 4k
FRSZS AL IS 17 d A7 ARXT mRNA A%
B8, >R H] One-Way J5 22 73 #r, Fl SAS #t 4 th
Duncan’s Multiple Range Test FLE{H-1> HSPOO
R RIS AR & 7 B 0 DA e 24 Ak 32 vt
MR RAERTRIE, 2 P <0.05 I 227 B 3% .

2 4t

2.1 S|¥MERE

EL HSP90o F1 HSPOOB [ g #i A , 531l
HSP90« Fil HSPIOB 5|y X A T4 3 (& 1-A Fi[El
1-B) , RGP TR R 5 P AR A, gk A~ S R
XA IF . B 1-C Sk A 2 BFA1-fa FUsL s o3+ i
RT-PCR 1) 1) Byt Hig W 068 e v Ok 138, 45 21 /R
Teu 1 — RARFIAE R SR s B

. - -‘-"‘v;- — -

3 ‘ 3

p——1_ 1] i

1 5|44 EamiA
A) LI HSPOOo BB REAR B9 1 €3l 5 B) LA HSPOOB FURL A AEAR ™ 4 3 5 C) A2 Al B 40 iy RT-PCR 774 f4 L 9K 14T 15

1. Marker; 2. HSPO0« F£[H 5 3. HSPOOB FE[H .

Fig.1 Confirmation of the specificity of primers

A) Electrophoresis pattern amplified by HSP90« plasmid templates; B) Electrophoresis pattern amplified by HSP90S plasmid templates;
C) Electrophoresis pattern from RT-PCR product from the part samples of larvae and adult fish. 1. Marker; 2. HSP90« gene; 3. HSP90B

gene.

2.2 HSPYO ERFEZEREREHARFRIEKTE
HSPO0« FlI HSPOORB 7 it A ] 2 4 i) 3 ik
KK 2 Fros . HSPOO« F1 HSPIOB FEA N Y 9
FREH LR 8 3838, 38 70 I IE AL I b i 2638
I, RS A B R R s R H e A 4

M F A EA R AR, Hr HSPOO« 75 R
AL 7 S A AR R R 28 L 2 ik 2 AR
(5102 115 104 f5( P <0.05) ; ifii HSP90B 7E il ta
ki JG I TS I A R X A e I Rk, 0 S AR
(19 317 220 137 (P <0.05) .
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180 HSP90 « a

AHXFRIEAKF
relative expression levels

1 2 3 4 5 6 7 8 9
HA  tissues

400 HSP90
350
300
250
200
150
100

50

ARG RIE KT

relative expression levels

1 2 3 4 5 6 7 8 9
HIR  tissues

2 HSP90 ERFEM & FARMEXRIAKTE
LI 2.0 3. 5 4. BIE; 5. 180 6. #L; 7. 055 8. 15 9. 85 a,bc,d e f FRAMFEE RN TR FE R, AR ERRE

FERF(P<0.05),

Fig.2 Relative expression levels of HSP90 gene in different tissues of adult fish

1. liver; 2. heart; 3. brain; 4. kidney; 5. spleen; 6. skeletal muscle; 7. intestine; 8. stomach; 9. gills; it has no significant difference when

the letter(a,b,c,d,e,f)is the same,and indicates significant difference when the letter is different( P <0.05).

2.3 HSPYO ERRZEEFELXEAEMEN
T

K3 WoR T HSP9O« Fil HSPOOB J: K %k 1E
FEPARRA G K 2 1L, HSP90a mRNA 7K
FEAEZSHI D BAfF P AL, 7228 A5 1) F {14
HLF R R W, AR R G W7
HSP90a mRNA 7K -3k FI] f 15 {8, 2728 & Fi {1 £
H 2. 54 {5 (P <0.05) , MIAEAEZAS A H AT AT
firh XK BB AR Rk K P, T HSPOOB
mRNA /KA AR A0 F Al G A Fr ke,
AR LA A

30 r

AHXFRIALIKF
relative expression levels
%

fFEHE / d,14-16 °C
fish age

3 HSPY ERRZEFEARERMBHREEN
1,2,3,4,5,6 /3 5IFRILG 17,21,24,29 33 36 d, %57 T %
Fiy D~ (Minami )« FoR2EFHH(P <0.05)

Fig.3 Developmental expression changes of HSP90
gene in larvae at different stages
1,2,3,4,5,6 indicate 17,21,24,29,33,36 d after hatching
respectively , corresponding to larval development stages D — I

(Minami®" ) significant difference is indicated by a star( * ).

2.4 HURESEEY HSPY0 B EH RIS

I INAME R TH KA 50 TU g3
BEfFff, HSPOO (AR B an 18 4 R, 5
AR PR XT REZH HL g, ZEUS i TH J5 8 113 d 1Y
frfarh HSPOO« %% 5 B B 3% fin, 17 TU Ab 2 8 Al
13 d {17 fa o H mRNA /K7 58 2 %K (P <
0.05) ; {H &, HSP90B mRNA 7K -/ 3% 24 4 b B
S, 45 R FH] HSPOO« 1) 5L F %% 55 ] fE 2 TH
4 I ) R

3 bhe

PR R S5 1 EAZ A b, RV T L L 1
HSP90 SEPH HA 8 A M M D) 68, {5 HSP9O«
S A KA | A0 M 309 5 R 307 5 4 20 i
H B4k B % UV K & 5 10 HSPOOB NI 32 247 F.
WIEIG KB R A0 S 20 B 2R R e A S K 30
2R IS ISP R PR T . FE A B ST R, W R
HSPOO S K 7E BT e I 119 24 B jig £ 2411 23 v 250 4 e
SLEFERF AL P ARk b xR
(E2), HSPOO« 758§ L. A1 'S i b HSPIOB
FAABE R FIEKE, 1 HSPOOB 7 ik . 9 I A '
ik B R B Rk K. i 55 2E P R fig
HSPOOB 75 L rp 2k BARAIC, 17 HSP9O« 76 B
HEUAN B Ik b ek AR i o — 2k, [AlkE
1 Bt & £ ( Danio rerio) ", HSP9OB F1 ¥ /|~
HSP90«( Bl HSP9Oa1 Fil HSPO0G2 ) 7E 4141504k
o SIS AN [F] 19 e 3k B2, HSPOOB 7E 3% B2 Filvh
X Hi 22 R 484 e % a8, T HSP9Oal AN
HSPO0o2 £k & WIRTT i g LA LR
BIFRIE  HSPOO QL B - 75 ILER K 14 &, {2
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S 344

w 3D HSPI0 «
I}
E 3.0 a b
t g 25
N7 b
ﬁ § 2.0 .
1.5
25 <
z 3 1.0
5 05
-
0
1 2
2R H] / d
time after drug treatment

O X84 control

N TH4:3E4H  TH treatment

FEXF RIE K

relative expression levels

2P H] / d
time after drug treatment

B TUAHEZ  TU treatment

B4 HSPY0 EFE7E TH 1 TU 4 IE{(F & i RiE T
1,2 A BIFDR2GPIEBEIG 8 F113 d, XN TG 24 7120 d, a,b,c FRAIRE FR LR EL R ARHFRL

FEFH(P<0.05),

Fig.4 Expression changes of HSP90 gene in larvae after TH and TU treatment

1,2 are indicted 8 and 13 d after drug treatment, corresponding to 24 and 29 d after hatching; it has no

significant difference when the letter(a,b,c,d,e,f) is the same, and indicates significant difference when the

letter is different( P <0.05).

PEILEL 2T 46 9% 0 ob o 4 B w4 L I,
HSP90« Fil HSPOOB 1] it B AN Rl B 2H U ek
RAERI A FRIRE . BRI =2 A0, 7S [ i 40 i 24
A S 4% 12 L AS ) 5 % o 3 o 1 o T
HSPOO P A= AR RI 3%

AT & B, iR HSPOO JoE[H {5 7 640 A
7% B W Bk AR . HSP90a mRNA 7K F-7E4F
0075 45 0 R R S 2 A 2 g e B0 ) A 8 7K
-5 i HSPOOB 1 %% 5 76 AT £ 48 25 Wi 5 A8 A6 A S
PRSI . 76 2E NN JR 8 rh , HSPOOB mRNA 7
T F 5 25 BT B K AR AL , 5 AR SC2 A ] 5 T
HSP90a mRNA 7K -7 AT 74 2530 ) 1 e A
2 SR JEUR AT B 5 6 I B R O i AT B SR B PR
SN A B R R R A 5, FEARS2 i
SR FE I 45 I A7 Fa 24 b [RVRE B R A 858 4
UM RGN 7 2 — 3, AT HEA T BR AME R 2
MR, 55 51, 767 ( Sparus sarba) rft, HSPOO
TEWALSS 1 d {7 BIRERG I 2], ZEEAL)S 21 ~
35 dfffi b gR b TH B EE 5 K T T IE 2
- ) i 0 6% 735 1 6 e 30900, 5 A S —
B, AR 22 SCk e W] A 04 £ 78 25 40 ] L o
TH K59k TH ™ s SN Y TH R % F 6T
freaAs s, T HAM R ) TU WA 2545, A
SCrft HSPOO K PR a3 174 25391 18] 1 T 25 5 F 6
fRf kN TH KRB (L —3, T o7
A59Ia] HSP90« mRNA 7K SF- ) Th & d1 7 B Pk 1)
TH /K I T+ 7530, A BF 5838 I SMBG TH K

TU &b 3 F 6 A7 (1 09 45 R R U], TH fE i T
HSPO0o 1) 5% 5%, TU 20 400 i H JE PR #% 5% T
HSPOOB mRNA 7K V- 52 24 1 Ak PR 52 1) 53X 1E
AR BRI A RS . B, AT 2
HSP90a, T AN HSPOOB , TE 4 A1t 8 25 K B
FIRERHE T EZAE R, H AR R R A 1 T
BT HSPOO« JEH FIkH F T,

HSPOO S £ 2 W U L 28 ¢ H 1) O B I 4
TEANHEAZ B AR T GB35 TR PR T Y 55 25 T
M, AR R R T AR gl R — 2
FRH HSPOO & IR 2% 18 X BRI % 2 10 28 bt g
i W N, B TH 4, 78 0T 88 ( Oncorhynchus
mykiss ) W AMIE ) B2 BT BE AL RE AR 2 HSPOO JE PR 3
K MERA TR HSPOO fiE 5 £ R0k [ B
BRAARALTE B B R 3 AR (GR) (HESR 2 AR
(AR) MEMERZIR(ER) (#h B UM R Z A& (MR)
AR Z AR (PR) , LU S 4 H R 52 /K (RAR) |15
Bz % % Mk (EcR) M H AR, {A /& Dalman
SEO S IR 2 R (TR) 3F A 5 HSPOO JE
WEAW. HI, FARBR R X HSP90« 12 i
A RESE— M IR BT HF R LR . AR BERE—
AN HSPOO 4 ) R An A R TE R R
( geldanamycin, GA ) B{ #f 4= % 2 ( novobiocin,
NB) b3 o 871 £, A B RE A 3 2 ) iR HSPOO Ji
PRIAE A At AR 25 v VR AL

R B K AL B IR R B RBL AT P
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Differential expression of HSP90 genes and its relation with thyroid hormone
during metamorphosis in Japanese flounder ( Paralichthys olivaceus )

ZHANG Jun-ling, SHI Zhi-yi*, CHENG Qi, JIA Liang
(Key Laboratory of Aquatic Genetic Resources and Aquacultural Ecosystems ,Ministry of Agriculture ,
Shanghai Ocean University ,Shanghai 201306 )

Abstract: HSP90 proteins are major chaperones that play pivotal roles in controlling multiple regulatory
pathways such as hormone signaling, cell differentiation, cell proliferation and apoptosis, morphogenesis and
morphological evolution , metamorphosis and stress defense. Using real-time fluorescent quantitative RT-PCR
approach, expression profiles of HSP90 genes were examined during larval development and in adult tissues
in Japanese flounder, Paralichthys olivaceus. In adult tissues, HSP90« was mainly expressed with higher
transcript levels in skeletal muscle, intestine and stomach; but HSP90B exhibited higher mRNA levels in
brain, spleen and kidney. During metamorphosis, HSP90« transcript increased distinctly with the highest
mRNA levels at the metamorphosis climax; whereas HSP908 mRNA levels did not change. Due to the
important role of thyroid hormone ( TH) for the flounder metamorphosis, the transcriptional regulation of
HSP90 genes by TH was evaluated using exogenous TH and thiourea ( TU ) treatment. Compared with
untreated control, HSP90« transcript increased significantly in larvae sampled 8 and 13 days after TH
treatment,and TU-treated larvae exhibited lower HSP90a« mRNA levels. In contrast, the transcript levels of
HSP90g did not vary after TH and TU treatment. Overall , these results demonstrate that HSP90« transcription
is up-regulated by thyroid hormone and plays an important role during metamorphosis in Japanese flounder.
Key words: Paralichthys olivaceus; metamorphosis; HSP90; gene expression; thyroid hormone; thiourea;
fluorescent quantitative RT-PCR
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