¥331HE H2HW wol B % i B Vol. 31,No. 2
201044 A PROGRESS IN FISHERY SCIENCES Apr. ,2010

KEFHARTZTER 90 EFE cDNA H 5 kg 5 K RIEFHE

ESb S CRA A S S A< - S
(O o Rk 2% P9 A A0 T ) 266009)
7 ot E A B2 B 5 B R KBRS B 266071)

B E MKESMME cDNA XA FH % HSPIO, R A A B A F 2 HKF4H 1A 97bp &
5’UTR.2 190bp # 73 ik 4E o 501bp #9 3’ UTR #4 4%k cDNA F 5], # A FF 34 0 ik 42 48 4 729
AMEAB, 04 HSPO RASARTFHEFTR, S5H Y FCLLEFR BT HERRE T, LHHE
AE PR THALEEG 908 &4 (HSPIOR) , 5 4 & HSPIOB ¢ B & 1 & ik 96. 6% ., RT-PCR 4 #F
AR, EEBA TSRS HSPIOO, A R XA M ERB AT, A mE M Y, £ E F Hik 3
B%H., HSPO A EXEHEBRARTHARL, 2GR AR R EE AR T LA
HSP90 #3& Al A&, 4R 87,k % 8 HSPI0 cDNA A 3|24 HSPIOR, & — A2 M B R A A, ;L
AUBBEFTEAENGE EBATAARFPRAEERLNHER,

xgi HSP90 XE & cDNA B

hEgIE S917.4;S785 EKIRAE A XEHE 1000-7075(2010)02-0051-09

Molecular cloning and expression of heat shock protein
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ABSTRACT Heat shock protein 90 (HSP90), functioning as a molecular chaperone in pro-
tein biosynthesis, plays an important role in signal transduction, immune response and embryo-
genesis. We have recently isolated the ¢cDNA encoding HSP90 from turbot Psetta maxima
spleen cDNA library. The full-length cDNA of the HSP90 contains 97bp 5’ terminal UTR,
501bp 3’ terminal UTR and 2,190bp open reading frame for a protein of 729 amino acid resi-
dues. Comparison of amino acid sequence revealed the presence of five classical HSP90 signature
sequences in turbot HSP90. The deduced amino acid sequence of turbot HSP90 exhibited higher
homology with HSP90B isoform. HSP90 transcripts were found to be expressed in all tested

normal physiological tissues (intestine, kidney, gill, skin, liver, spleen, head kidney, gonad,
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brain, muscle and heart) and could also be detected in the earlier embryonic stage. The level of
HSP90 mRNA in embryos gradually increased during embryogenesis and reached the maximum
at tail-bud stage. Challenge of turbot embryonic cell line (TEC) with pathogenic bacteria, Vib-
rio anguillarum , elevated HSP90 mRNA levels dramatically. These results demonstrated that
this turbot HSP90 ¢DNA sequence was the constitutive expressed HSP90 isoform, and it may
be involved in embryogenesis and cellular protection events under normal and stress condition.

KEY WORDS HSPS0 Turbot Psetta maxima cDNA Infection

R E H 90(Heat Shock Protein 90, HSP90) , &L ERMEAIFN T EH AW —AEE . EEIEEAR
BOBFSFHE TRIEEHERAR Y EREEANBSRNTE SR HERRERE BB . P OEKE
M, 2 5HRBPET IEEERATRESES ERETHREBEEZT UMK EEIBTATERNAE
BBk (Wiech et al. 1992;Holley ezal. 1995;Lange ezal. 2000;Pandey etal. 2000), HSP90 ik E
FEh HSP90 # grp96 4. e HSPIO 335 HSPY0a 1 HSPIOR, = i 5 {Z4ERT 89 2 B & #l 7™ 4 (Moore
etal. 1989;Krone et al. 1994;Csermely etal. 1998),

X FES HSPIO MR ZINAEM AW B3 HSPOO SHLIK LRI 45 . B E R R, HSPO ERBLEZ
WA FEAZ) ZXEG £E 2000, BB MEFHIRIA ERREETHRAFEERRE. H
R MR HSPOO ThREM R 2 T, HE —~ ST UEE, MR RE R R A S &M T, HSPO
AT XM YRR EE AR ER . BT, Cxf & AK4 HSPIO TS . E AR IR R & ML
YER#HAT TS, I8 5 A Danio rerio  UF 8 8 Genus gillichthys 8 Carassius auratus . K W On-
corhynchus tshawytscha BE 1 Cyprinus carpio MIZF 8F Paralichthys olivaceus (Connolly et al. 2008;Dietz et
al. 1992;Wang etal. 2007;Palmisanc etal. 1999;Hermeszetal. 2001;Konoetal. 2001), #RW,X
KEZEEF Psetta maxima HSPIO HFE AT IE S A WIRE .

KZ 678 T 8% Bothidae ZZ#FJ& Scophthalmus, B R4 TERYN & EB | X, 20 4 900 ERMWFHAR
. REMART . ERKEERENMKBREE CEARMNBEENEF B KRAAL, BHTREAESH
BB, ARRRRERR, AREMFAVERTEXREFHKL. BRAREROEAT L —ERERH
BN AR R, H 2 e R R E Lt AR B RS AR R A EB AR T &
YIXIIEREN .. B, FHS FAEYFERER HSP RF M FRL, BEH AN RS R, BiEA3H FXTHF
WM B P FIX AFFEAEN GES BIRALEN., BAFRGXUKREEANE, THE—- LB HEE
BB WER, U R SEMERENZ FESRPABMILGEHILE, HRARRANNEREEZR L, BH
TEEBR AT REESP IR i R R R .

A LB A ZE ST IR AT cDNA ST % % i ik i L HSP9O, S T i E B i) cDNA FHIFH A T
HEGEH ;R AR T RERAEW K KZEEF HSPIO 75 FE AT 50 HSPIo 7517 T B E a4 FI A RT-
PCR i ARK B I #T T HAERFFEBAR LI F K F B B KRG k55 61 JE i 40 L (TEC) W iy &%
) #E 2007,

1 #HfM7E*E

1.1 #H#

SRR A B F SR LK™ AT KE 200~500 g, BURZESENTNE R B . 3K % 4R
R LA <0 BEE R0 B RK , R AR P RAT B R T —80 CHEM . T4 EA B0 5 Bt B ¥ KB
Frifg P T SR 2, R A R R B I B K22 TR i (16 2 B3 BERR T, R I 3, R 3050, (1 4, O Bk 3, 1
BRI A al)  REPEEKE . RET -8 CT&EA.



Lo TEES . REFPIRTTER 90 £H cDNA #7i kR HF KT 53

1.2 RNA {2EUF1 tHSP90 ¢cDNA F 5|5 [E

MR ZZEF AT AR 2R P F) A TRIzol (Invitrogen) 3288 Chen %5 (2004) 97 323 BUH RNA. #]H BD Smar-
t™ RACE cDNA $3#i# & (Clontech) & il RACE-Ready-cDNA, —20 CK#EE1E4 .

R BLAST 2. 0 XF &4 8 B9 RS2 6F i cDNA 3CJE 4T EST(Expressed Sequence Tag) 57 » 15 238 4>
HSP90 751, & I F 5 A Al #1388 HSPOO 31, 4y 313 1 MEER 514 tHSPI0C1 1 1 33814 tH-
SP9ON1, HF ¥ #8543 HSP0 F 3 (£ 1D, # ] Qiaex I[ gel extraction kit (Qiagen) 438 44k PCR ¥ 178 3]
B9 F B SR SERE#) pMDI18-T #{k (Takara) 1, £ K G #F B (DH50) Y% . R 15 5 BEJR PR Hb 2k FA M T e,
KAHBE W PCR NG, M FE.

RIBSBIAF I BT A 1 X4 5514 . tHSPYOPS’ f1 tHSPYOP3’ , 43 BIFHR Y 1 5° % (5°-RACE) A
3’ AK ¥ (3’-RACE) (% 1, % 2), RACE 5@ S| H T BD A& M Long primer 1 Short primer,
Touchdown PCR MW F :94 C 2 min;94 'C 55,72 'C 3 min,5 ME#H;94 C 55,70 C 105,72 °C 3 min, 10
AEEFR ;94 C 55,66 C 105,72 'C 3 min,20 MER;72 C 10 min, P AN E B TEF pMDIS-T #H ik
J& . AT

F1 RBAAMSIWEFES

Table 1 Primer sequences used in this study

2|4 Primer ID 5| ¥ % %)) Primer sequence
tHSP90C1 5’- ACGCAAGAGCAACACTGGTCCAC -3’

tHSP9ON1 57- GAGGAWCACCTGGCTGTCAAGCA -3° (W=A/T)
tHSPS0OP5’ 5’-CCTCGGAGTCAACCACACCACGGACAAAG-3’
tHSP90P3’ 5’-ACGACCCTCAGACCCACTCCAACCGCAT-3?

Long primer 5’-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’
Short primer 5’-CTAATACGACTCACT ATAGGGC-3’

tGYON 5’-GTGAGACCACTTCCGCAGCCGT-3”

tG90C 5’-ACGCAAGAGCAACACTGGTCCACC-3?

TactinN 57-AGGTGATGAAGCCCAGAGCA-3’

TactinC 57-GCAGTGGTGGTGAAGGAGTAG-3’

#2 RESIMEE

Table 2 Location of clone primers

534 : tHSP90C1 %%%I%iﬂ{smom
! —k & — i
| 1‘ T
RACE5|4): tHSP90P5® RACEZ|4: tHSP9OP3’

1.3 FEIMESZEEST

1/ DNASTAR 5. 0 48 fI 547 3¢ % i DNA F5IfI% B 51, il PROFsec program k{4 1l 4 7 & %
B3 )% % (http: //www. predictprotein. org) ; | CLUSTAL W (Thompson et al. 1994) 34T Z FE 5| i ; H
MEGAS3. 0(Kumar ez al. 2008 R G K AW ;5 7158 J7 82 R lis £ 48 8K 35 (Neighbor-joining, NJ) , NJ 4% i) 5]
EHAB BN IRIEE . EE 1000 RGN H#%  2007),
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1.4 HRBER

St PR 3 6 R G 40, R A S B0 5 ELAR AT A9 K 35 BT IR B 40 8 &R (TEC line) (Chen et al.  2005), 7K
BT 24h, B KRB AMIE R TF 25 cm’ W FHME T, 24 h G EBIIEFE, RIEMABINE Vibrio anguil-
larum (2216E #5353 ,28 'CHE ) EAWE 2. 9X10° CFU, 7ERYLLS 0.6.12.24.48 1 96 h B.O U K6

JO & 40 1, 1) B B IE % R G 40 L X R, LA TRIzol #2BLE RNALHRFF—20 CT /A, BE KK 3 K.

1.5 HSP90 =ik 547

f# F TRIzol R, REEE A AL AR FERANE S RNA, FAZBRIE NN E 260 f1 280 nm
B B W M, 0 2 3R B RNA 4R 3% 10Du00 o= 40 pg RNA 3138 RNA B7= 5, [ b B3 3 ) RNA # 5
WEE. 5B 2 pg HH G E RNA,Ff i M-MLV K% % B ( Promega ) &/ cDNA, W&KRFY
tG9ON 1 tG0C(FE 1,% 2) LI B M —8E cDNA J#EiR, i RT-PCR ¥ & 2/ 77 : 4t HSP9O B H Y
FRAEA. BRI YNEIEE TactinN fil TactinC(FK 1,3 2)P B Bactin BEEHBREINS , FHEMHF
4TS HSPIO HFXBFHBAANSERABH#HTY . PCRENMBFMT 94 C 2 min;94 'C 305,62 C
30 5,72 'C 1 min,24~28 NEIF(HSPIO TEEER KA LR M RIE R 24 MBI, ERIR AR R EH M
YRR B P I FRIK S AT R 28 AFEF) 572 °C 10 min,

2 &R

2.1 XS HSPIO i) cDNA ZEREMLEE

FIR M K S EAE cDNA SO F3R13 9 HSP90 cDNA 75 #1 3 fth £ 25 HSPIO 75 & i+ #9557 K R IR
514,938 1364bp B9 cDNA F B, £ BLAST 4r#7h HSP9O 2 H, MEHMBHNAFBRITEERFRSY
#1417 RACE-PCR, 4T BB TRMMG 5> 3’75, T Y RE  WFE, 2 Dnaman S ERERBF
FIFIEE L B F5 185 2 788bp 4K cDNA 55 (GenBank accession No. : EU099575) (/& 1), HE 1 7R,
K #F A HSP90 cDNA i 2 190bp ZRFE X .97bp B9 5 UTR K FI 501bp # 3’ UTR KA, H B &AHMERE
B2 ATTAAA fiPoly A B,

2,2 HSPY SEBFIERRZRZEREESWH

KZEHF HSP90 cDNA By B RIS 729 MEER . EOHEHW S FELAN 83.8 kD, FH AN 4.8,
ZRMEAT, BEBRFEH A A HSPIO KK 5 MRT{E S XK (NKEIFLRELISN[S/ATSDALDKIR, LGTIA
[K/RISGT, IGQFGVGFYSA[Y/FJLVA[E/D], IKLYVRRVFI, GVVDS[E/D]DLPLN[1/V]SRE) # C &
Y — 275 MEEVD(E 1), R DNASTAR 5. 0 4r ¥ K32 6F HSP90 EERF 5] 5 H b HSP9O BER
FHRMME, RBIE 5T A A HSPIOR RAXRRKIE. Hih, 578 HSPIOB R&XARIE.FEERE
96.6% ; SUT B  KVFHE MM D AHFREXRRZ REMES R0 93.926.92.9% 1 92.4%; 5 R AFGH
RSB 8 89.4%.89. 1% #187.4% ;T 5 HSP0a &K R RKIT, I 5561 . B I 48 i 88 74 BF flg 48 ) ) 8
451 86.7%6.82. 8% 82. 8% (K 3) . HTEHIEEFH, FIFIIE A A EK ¥ (Neighbor-joining method) #) &
REREWME 2, EREARB/RT KM HSPO HREZIET 3 BAN, AN B AR —FEOFELES
Bk,

2.3 HSPY0 EREABHFHLAPHREDH

KA RT-PCR ¥ ERHTT HSPOO MR AZESE 11 MAL T SEAE 5 kB 5 8RR ILA O
RE B FTEZ BRD R Rk . Z5R R IR, HSPYO 7EX S i ¥ KX (A 3),



EREE  REFRRTIEL 90 HE DNA K7 R HRIBRE

1 ACGCGGGGCCCTTTCCATTTCCCTGCGTC AGAGAGCA GAAGGGGACTGTAC TITGGTCGCATTTTAATTC AAGAAAAAGTCACC
85 GAAATAAGTAAAGATGCCTGAAGA AATGCACCA AGAGGAGGAGGCTGAGACCTTTGOCTTCCAGGCAGA GATCGCTCAGCTGAT
M E E E A E T F A F Q A E 1 A QL M

CAGGGAATTG.

169 GTCCCTGATCATCAACACTTTCTACTCTA ACAAGGAGATCTT!
$ L I I NTTF Y § K

HSP90 Family Signature 1
253 AATCCGCTATGAAAGCCTGACTGAGCCCACCAAGCTTGATAGTGGC AAAGATCTGAAATCGAGATCATCCCCAACAAAGAGGA
Y ES L TEZ®PTZ KTLDSGZEKDTLTZE KTIETITIPNTZ KTE E
337 ACGCACCCTGACCCTCATCGACACTGGA ATCGGC ATGACCAA GGCCGACCTGATCAACAACC

R T L T L I DT G I GMTIK AD L I NN

HSP90 Family Signature 2
421 CACCAAGGCCTTCATGGAGGCCCTGCAGGCTGGAGC TGACATCTCCATGATCGGTCAGTTTGGCGTGGGTTTCTACTCCGCCTA

K A FME AL Q AG AD I 8§ M

HSP90 Family Signature 3

505 CCTCOTIGCCOAAAGGGTGACTG TCATCACCAA ACAC AACGATGATGAGCA GTACGCATGGGAGTCCTCTGCCGGAGGGTCCTT
| R VT VI T K HNDDEQY AW ES S A G G § F
589 CACAGTCAAGGTTGACAGC GGCGAGCCTATGGGCCGTGGAACAAGG ATCATCCTGC ACCTGAAGGAGGACCAGC TGGAGTACAT
T V XV DS G EP M GR G TU R 1 1 L HL KZETDGQTULE Y I
673 TGAGGAGAAGAGAGTCAAGGAGATTGTCAAGA AGCACTCGCAGTTC ATCGGCTAC COCATCACCCTGTTTGTGGAGAAGGAGCG
E E K RV KZE 1 VXKKH S QF I G YP I E K R
757 CGACAAGGAGATCAGTGACGACGAGGCAGAGGAGGAGGAGAAGGAGGAAAAGGCGGAGAAGGAGGAGAA AGAAGAGGG TGAGGA
D K EI1 S DDZEA ATETETETETZ KTETETZ KA ATETKTETETZKTETETGTED
841 CAAGC CAAAG A’ICGAGGATGTGGGC’ICGG ACGACGAGG AAGAC’ICCA AAGACAAGG ACAAGAAGAAGAAGAAGA AGATCAAGGA
K E D D E D
925 GAAGTACATCGACCAGGAGGAGCTGAACAAGACCAAGCCCATCI‘GGACCAGGAACCOCGACGACATCACAAACGAGGAGTACGG
K Q E K T K P I N P D DTIT N E
1009 CGAG”I'I‘CTACAAGAG’[CTGACCAACGACTGGGAGGATCACCTGGCTGTCAAGCACTI‘CTCTGTGGAGGGCCAGCTOGAGT]‘CCG
E Y K S L N D D H L A K H S VE G QL E F R

1093 TGCTC TOCTCTICATCOCCCGCCGCGCTCOC’ITCGACCTCTI‘I‘GAGAACAAGAAGA AGAAGAAC AACATCAAGCTGTACGICAG
AL L FI1PRRATPTFUDTLTFENIZ KTE KTZ KT KNN
HSPIO Famlly ngnature 4

1177 GAGGGTCTTCATCATGGACAACTGTGAGGAGCTCATCCCAGAGTACCTGAACTITGTCOGTGGTG TGGT TGACTCCGAGGATCT
I M D N ¢cEEL1PEYLNTF VR -

HSP90 Family
1261 GCOCCTCAACATCTCCAGAGAAATGCTGCAGCAGAGCAAGATCCTC AAGG TCATTCGCAAGAAC ATCGTCAAGA AGTGTCTGGA
B ML Q Q $ K 1L K VIZRZEKINTIVEZ KT KTCTLE
Signature 5
1345 GCTCTTTGGTGAGCTGGCTGAAGACAAGGAGAACTACAA GAAGTTCTACGAGGGTTTCTCCAAGAACATCAAGCTCGGTATCCA
L F G EL AEDTIKTENTYT KT KT FTYZETGTFS ST KN NTIZEKTLTGTIH
1429 CGAGGACTCCCAAAACCGTAAGAAGCTCTCCGAGCTGCTGCGTTACCAAAGCTCCCAGTCTGGCGACGAGACGACCTCCCTCAC
E DS QN RK K UL S ELTULTZ RYQS S QS GDETTSTLT
1513 AGAATACCTGTCCCACATGAAGGAAAAC C/?)GAAGTCCATCTACFACATCACCGGTGAAAGCAAGGATCAGGTGGCC AACTEGGC
1597 CI'T CG’I GGAGCGCGTC CGCAAGCGCGGC TTCGAGGTCC TGTACATGAC GGAGCCCATCGACGAGTACTGCGTCCAGCAGCTGAA
vV ER V R K R G E VL Y M T E D E Y CV Q Q L K
1681 GGAGTFCGACGGTAAGAGCCTG(:TGTCGGTCACCAAGGAGGGCCTGGAGCTGCCCGAGGACGAGGAGGAGAAGAAGAAGATGGA
v
1765 GGAGGACAAGGCCAAGTI'CGAGAGCCTC TGCA AGCT C ATG AAGGAGATCCTGGACAAAAAAGTGGAGAA GGTGACGGTGTCCAA
1849 CA(; ACTGGCGTCCTCGCCCY GCT GCATCGTG ACG AGT ACTTACGGCT GGAC GGCCAAC AT GGAGCGCATCATG AAGG(K‘,CgGGC
1933 GCTCAGGGACAACTCCACCATGGGTTACATGATGGCCAAGAAGCACCTGGAGATCAACCCCGACCATCCCATCGTGGAAAOGCT
2017 CCGGCAGAAGGCCGACGCCGACAAGAACGACAAGGCGGTGAAGGACCTGGTCATCCTGCF GTFCGAGACCGCCCTGCTGTCCTC
Q
2101 GGGCTI"CTCCCTGGA(X‘JACOC’I CAGACCCACT CCAACCGCATCT ACAGAATGATCAAACTCGGACT GGGTATCGACGATGA(I}A
Q
2185 CG'I'I‘CC CGTGGAGGAGACCACIT CCGC AGCC GTC CCAGACGAGATCC CT CCCCTAGAAGGC GAAGGAGAGGATGACGC TTCACG
2269 CATGGAAGAAGTFGATTAAATCGACCGGCCCCTGCTCCCAGAl l ]TAACAC’ITTAGCCTCACTTTTCAA'ITCTTGATTCCTTA
*
MEEVD Consensus Sequence
2353 AAAAAAAAACGGCAGTAAATTGCAAAACAAATAGTCATTCATGTTTGTGTGGTGGACCAGTGTTGCTCTIGCGTCCGGAGCATT
2437 TACTCTGCAAACGCCCCCCCTTTTAAGAAAAGCGATTTTTGGTTCTTGCTGTAATAAGTTCATGGTGACAGCACATTTGTTCAT
2521 CAAAGTACCCTGTTGCACTGAG AAATGTCCGAGTGGTAAACATGTGAACACGGGAATGGTACATTCCAGTATCGGGTCTG
2605 GAGGGTTCGGGGAGGTTCTGCTCATGTGCAACACTGCACGCTGCATGGAGAGAGGACTGTATGATTCCTTTTGCCTGAGTCCAG
2689 GCTTGTCTGTATTCCAAGTCGTCTTTGTTTTGCAAAA AATTAAAAGATGTAATACCTTAAAAAAAAAAAAAAAAAAAAAAAAAA

2773 AAAAAAAAAAAAAAAA

EWMEFEL MMM EAERFIIERT . ERRBHEFNATE K UEEFB(TAADEMRES (ATTAAAD AT L
R, HSP9O IR FI55 K FABEA H ,C R —BUF 5 MEEVD F 5 HEAR
Note: Nucleotides are indicated above and numbered to the left of each lane. Corresponding deduced amino acids are indicated
below. Start codon (ATG), stop codon (TAA) and the ploy (A) + signal sequence ATTAAA are underlined. HSP90 fami-
ly signatures are boxed and shadowed. Carboxyl terminal consensus sequences (MEEVD) is showed in box

Bl 1 KZEHF HSPIOCDNA J¥ 5 4 LA K iy L 49 & BR 7 51

Fig.1 <¢DNA sequence and deduced amino acid sequence of turbot heat shock protein 90 gene
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#£3 BT CLUSTAL W {TRKEH HSPO HAMERFF SHMUHMH O F AL &R
Table 3 Percentage of identity between deduced amino acids of turbot HSP90 and those of HSP90 alpha and/or
HSP90 beta proteins of other species based on CLUSTAL W

2 Species Hsp90 BEBFFIHLIE Amino acid sequence similaritiy (% of identity)

B 5 Zebrafish Danio rerio alpha 82.8

beta 92,4
¥T 84 1 Rainbow trout Oncorhynchus mykiss beta 93,9
ZF 8% Bastard halibut Paralichthys olivaceus alpha 86.1

beta 96. 6
AT # B Atlantic salmon Salmo salar beta 92,9
BB WIS # Mexican tetra Astyanax mezicanus alpha 82.8
# & Domestic sitkworm Bombyzx mori 82.1
S48 Fruit {ly Drosophila melanogaster 78. 8
JE X Chicken Gallus gallus alpha 85,7

beta 87.4
#F B R Norway rat Rattus norvegicus alpha 85.7

beta 89.4
A Human Homo sapiens alpha 86,1

beta 89.1
#I# I+ Thale cress Arabidopsis thaliana 69.9

IE AR U L33 BT 38 FF SUM GenBank H F #3K75, BATHIESI S0 F . BE B 1 Danio rerio, BC075757 (HSP90q) , AF068772 (HSP90R) ; B
B IR Astyanax mexicanus, AY222612 (HSP90a); K P4 P4 Salmo salar, AF135117 (HSPY0B) ; IF #F Paralichthys olivaceus, ABG56393
(HSPS0a) , ABG56394 (HSP90OR) ; L84 fa Oncorkynchus mykiss , AB196458 (HSP9OR) ; 288 Drosophila melanogaster , CAA27435; R & Bombyx
mori, BAB41209; JE 38 Gallus gallus, P11501 (HSP90«), CAA49704 ( HSP90R) 5 #F Bk B, Rarttus norvegicus, NP _ 786937 ( HSP90q) , P34058
(HSP90R) ; A¥ Homo sapiens , NP_005339(HSP90a) , NP_031381( HSP908) ’

98 Turbot HSP9O
83 Bastard halibut HSP90 beta
Atlantic salmon HSP90 beta
100L Rainbow trout HSP90 beta
100 Zebrafish HSP90 beta
Chicken HSP90 beta
100 Norway rat HSP90 beta
100,
100 LHuman HSP90 beta
Zebrafish HSP90 alpha
Mexicantetra HSP90 alpha
Bastard halibut HSP90 alpha
—— Chicken HSP90 alpha
100 _{—Norway rat HSP90 alpha
100 ‘Human HSP90 alpha

100

46

Domestic silkworm HSP90
99 I Fruit fly HSP90

Thale cress HSP90

—_
0.05

B ATFAXTROETRFBEE BRSO 1000, KFH HSPI F T UL

Note; The bottom scale was bootstrap values obtained after 1 000 resampling efforts and refers to percentage divergence. The relative
genetic distances are indicated by the scale bar and the branch lengths, Turbot HSP90 is underlined
B2 ETEHAFIIMERSE R AR

Fig. 2 Phylogenetic analysis of HSP90 family of different organisms based on amino acid sequence



E ] EBESE  REFARTTEG 90 EH DNA 8950 K KR BRHE 57

HM A FERMEB 2 BRI~ 11 I I 5 LSk 5 OB R MR LI O B L A A R B
Note: M; DL2000 marker; B: Blank control; 1: Liver; 2;: Spleen; 3; Intestine; 4; Head kidney; 5: Kidney; 6: Gill;
7: Gonad; 8: Muscle; 9: Heart; 10;: Brain; 11 Skin
B3 KEFH HSPYO FEIEH ALK RT-PCR FE 5
Fig.3 Analysis of HSP90 gene expression in various tissues of adult turbot using RT-PCR

2.4 HSPOO EXEHEBMARNEZEHBHRESH

F A RT-PCR 434 T HSP9O 7E R 3 6F IR A [ & & BH (16 40HS0 (BRI R 3 . B 2030 LR35 38 . 0
B AT AR A D R BORGL . SR KL HSPI R 8 MARIREN B R YA RS, HEEER
f R E ,HSPIO MRZBZEEFEN, ERFH AN S BEREABETHR@E O,

B -actin

HSPS0

HM g FEHE; 1~8 2% 16 418 AL H 5 im0 B 3EE R O B i T FF A
Note: M; DL2000 DNA marker; 1. 16~32 cells stage; 2. Blastula stage; 3 Gastrula stage; 4: Tail-bud stage;

5. Somites stage; 6: Heart-beating stage; 7: Pre-hatching stage; 8. Larva stage

B4 KFEFH HSPIO ZERIRAR R T ot B8 RT-PCR RiEH

Fig. 4 Analysis of HSP90 gene expression at different embryonic stages
2.5 HSP90 7EREH A EE TEC AP HRES T

BN Y TEC 4iM/5 , HSPOO 2H T W B i SR EH (E 5. 7ERYHT, TEC 4088 /3 OUS 31 2 %
F5H9 HSP9O ik, Y/ 6 h BB TR R, H ARG 6~12 h, HSPI RIFHFBAMUMREBE,
b5 SR T R

M  Uninfected 6h 12h 24h 48h 96 h

500 bp —p JEETI L - I
e e R R G aciin

HSP90

B M R FRARME 48 IR R 9 R R B 2 | B AR
Note; M. DL2 000 DNA marker; different infection times are labelled above

Bl 5 HSP90 #BINRIRYL A ZE6F TEC A+ I RT-PCR R HT

Fig. 5 Expression of HSP90 gene in turbot embryonic cell line after infection

3 itig

HESCER 38 (Sreedhar et al.  2004) ,YE N EZ AWM R EFEER T 1E18 HSPOO, 78 JE 7 8 Fn IE % 4
REFTEAMELREN 1% ~2%, RIEERX—NHFRME. HSPI0« 1 HSPIOR B FEAE T 4 M+ 1)
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HSPY0 ZHEEERA. METHEERSES EARAK ASHARANPRERERYEMNRERNE
BBERS, FARBESRE, S5%FPRERURBR L. B EEENENERH#T. hE—PTHRA
3 HSPI0R ME A S RHEAEMB LT FHERM, AR /T KM KEH HSPIO cDNA B 585 ¥ 51 3 Xt
EAEARARARMER R E B PHRIMTEAPRE,

FEKZEHE 1 364bp 92K cDNA B3I, B EIER IS I 729 MEEMEF HSPIO KKK 5 MESHF
Fif ATP 418, CERK¥E—FFF EEVD Al # HOP(HSP70 and HSP90 organizing protein) i) TPR (Tetra-
tricopeptide repeat)domain A3, H M SHIKTTEH 70 WS FHEESE. FHHMES T RN, KEH
HSP90 £ 35 H A 8 E#F it HSPIO FFH G W B MARBIE CKT 70200 . 2F NI BHWEN RS R EMHE
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BEMEZ  AXEHRBGET REFHAKTEA 90, B 52 MEH HSPIoR A EFELFMEMIFE. b, T
BT R HSPIOR TERZ WM K B MBI N B P EERRIEM. FHRE—-HHITRIDES T, B
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