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et al, 1999; Spees et al, 2002; Chang, 2005) (Bond
et al, 1993; Kotov et al, 2006; Soctaert et al, 2006)

(Gusev et al, 2006) Hsp90 ,
Hsp90
s (Metapenaeus ensis)Hsp90
Hsp90 ,
(Wu et al, 2008)
(Homarus americanus) ,
Hsp90 mRNA

(Spees et al, 2002); W (Daphnia magna)

Hsp90 , b
(Soectaert et al, 2006)
#% Hsp90 b
, RACE-PCR ,
¥ Hsp90  cDNA , Real-Time PCR
Hsp90 mRNA S
1
1.1
1 )
(3.240.8)mm
, (25=%1)°C, 14h
10h ““Banta 77(1.5¢g
+ 2g + 10g + 950mL
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1 sy ; , I
3000 /L , i
R
RNA Axygen
(PrimeScript RT Master Mix Perfect Real
Time Kit) TaKaRa ; Realtime-PCR TaKaRa

Premix Ex Tag™ Hot Start Version ,
TaKaRa
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3'RACE 5'RACE PCR Clontech
SMARTer™ RACE ¢cDNA Amplification PCR
, PCR
Invitrogen
1.2
GenBank (Daphnia

ambigua, ABI35828.1) (Daphnia sp. Yamagata,
ABI35815.1) (Daphnia laevis, ABI35823.1)
(Daphnia dubia, ABI35824.1) ,
, Vector NTI 11.0 Hsp90
) #% Hsp90
Hsp90-F/R, PCR ,
250bp ,
3'RACE HSP-5’RACE
DpHsp90 cDNA R
PCR Hsp90-YF  Hsp90-YR
b 18S(AF014011.1) cDNA
18S-F  18S-R, 1
18S-F/R 1 Hsp90-YF/YR
b Hsp90 mRNA (
1)

5'RACE
HSP-3'RACE

x1 RBEHPAINSIYRHREFT

Tab.l Oligonucleotide primers used in the experiments

Primer name Primer sequence (5'—3’)

HSP-F ACCCYAGCAAGTTGGACAG

HSP-R AACCAGGTADGCMGAGTAGAA
HSP-5'RACE CCAGGTAGGGAGAGTAGAAACCCACAC
HSP-3'RACE1 TGTCCCCAACAAGAATGACCGTACC
HSP-3'RACE2 ATCTGGACCCGCAATCCCGATGAC

HSP CDS F
HSP CDS R

AAATGGAAGCCGAAGCCGAG
GGGAGCAACGTAATGAAGTGAAG

Hsp90-YF CGACGATCAAGAGCCCAATAAG
Hsp90-YR TGAACCCGAAGCAGTTTGTGTG
18S-F TTCACGGGTTGGTTGCCTG

18S-R CGACGACCGAATAACAATAGAGC

M=AorC,K=GorT,R=Aor G

1.3 & RNA cDNA
RNA (RNA Extraction Kit,
Axygen) e & ( ) e
( ) & RNA
(PrimeScript RT Master Mix Perfect Real Time Kit)
RNA cDNA 37°C
15min, 85°C 5s cDNA
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HSP-F  HSP-R PCR ,PCR , 27«
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30s, 53°C 30s, 72°C Imin, 35 ; 72°C (Hsp90)Ct , %
10min; 4°C PCR 1.5% 1
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nlm.nih.gov) BlastX , #% cDNA ,
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HSP-5'RACE ~ HSP-3'RACE RACE D. sp. Yamagata (ABI35815.1) D.
SMART™ RACE cDNA (Clontech) 5" laevis (ABI35823.1) D. dubia (ABI35824.1)
RACE 3'RACE cDNA Hsp90 97%, ,
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Protparam (http://au.expasy.org/tools/ 3'RACE 5" RACE  3'-RACE,
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http://www.ncbi.nlm.nih.gov ¥ Hsp90 (GenBank - KC845247) (1)
BlastX ; NCBI ORF ’ HSP-CDS-F  HSP
Finder g CDS-R Dptra s R
SignalP ; Clustal W <DNA % Hsp90
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joining) (Bootstrap) 1000 .
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17 PCR 1 , cDNA 2568bp,
3 10L , 50
L %, ’ 164bp  5'-UTR 249bp  3'-UTR(
3000 /L , ) ’ (TGA)
% ( ) B ( ) (ATTAAA) polyA 2155bp
% 5 ’ 3 (ORF) 718 ,
. 10 10" (Casein kinase II phosphorylation site) N-

102 10° 10* 10° 10° 107 pimol/L

95°C 30s; 95°C Ss, 57°C
40 3
Real-time PCR ,
ABI StepOnePlus™ Instrument
i 3
(Mean, M)+ (Stdeva, SD) ,
SPSS 14.0 ,

30s, 72°C 30s,

(N-glycosylation site) HSP90

5 :
NKEIFLRELISNSSDALDKIR (34— 54aa): LGTIAKSGT
(101 — 109aa); IGQFGVGFYSPYLVTD (125 — 140aa);

IKLYVRRVF (346—354aa); GVVDSEDLP LNISRE

(372—386 aa); GxxGxG , LxxLL ,
HSP90 MEEVD
(714—718 aa), HSP90
(Peter et al, 1998), HSP90
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Fig.1
(ATG)

GGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGTACATGGGGACAGTCTTCAACC
GGCGATTGAGCGAAAGACATCGCATCTCCACACGGGAAAAACTCTCCACGAGACCATACT
TGCAAACAATCTTGTGCTTTTGTTAAATTATCTTCTAAAGCAAARTGICCTGAAGAAGTTC
M P EE VQ
AAATGGAAGCCGAAGCCGAGACTTTCGCATTCCAGGCCGAGATTGCTCAGCTTATGAGCT
M EAEAETFAFQAETITAQLMSIL
TGATCATCAACACCTTCTACTCAAACAAGGAAATCTTCTTGCGTGAGTTGATCTCCAACT
T FYSNZKETIFLRETLTISNS
CCTCAGATGCCCTAGACAAGATCCGTTATGAATCCCTGACTGACCCTAGCAAGTTGGACA
S DALDI KTIRYZESTLTDPSIKTLTDS
GCGGCAAGGATCTTGAAATCAAGATTGTCCCCAACAAGAATGACCGTACCCTTACTCTCA
G KDLETI KTV PNIKNDIRTILTTILI
TTGATACTGGTATCGGCATGACCAAGGCTGATTTGGTTAACAACTTGGGTACTATTGCCA
T K ADLVNNLGTTIAK
AGTCTGGAACTAAAGCTTTCATGGAAGCCCTCTCTGCCGGAGCTGACATCTCCATGATTG
S GTKAFMEALSAGADTISMTIG
GTCAGTTTGGTGTGGGTTTCTACTCTCCCTACCTGGTTACCGACAAGGTGACAGTTCATT
Q F6GVGFYSPYLVTDIKVTVHS
CCAAGCACAATGATGATGAGCAGTATGTTTGGGAATCGTCAGCTGGTGGTTCTTTCACTA
KHNDUDE® QYVWESSAGGSTFTI
TCAAGCCTGATCATGGAGAACCCATGGGTAGAGGAACCAAGATTGTCCTCCATTTGAAGG
KPDHGEPMGRGTI KTIVLHLKE
AAGATCAAATGGATTACCTAGAGGAGAAGAAAATCAAAGAGGTTGTCAAGAAGCACTCAC
DQ MDY LEEZKZKTITZ KTEVVKZEKTHSAQ
AGTTCATTGGCTACCCAATCAAGCTTTTGGTTGAGAAGGAGCGCGACAAGGAAGTGAGCG
F1 6GYPTIKTLLVEZ KETRDIEKTEVSD
ACGATGAAGCTGAGGAGGAAGAAAAGAAGGACGAGAATGAGGAGAAACCAAAGGTCGAAG
DEAEEETEZ KI KDENETETZKPZKVED
ATGTTGGTGAGGATGAGGAAGCCGACAAGGAGGCTGGCAAGAAGAAGAAGAAGACCATCA
VGGEDEEADZEKTEAGIKI KT KTZKTZ KT T K
AGGAGAAATACTCTGTTGATGAGGAACTCAACAAGACCAAGCCCATCTGGACCCGCAATC
S VDEELNKTIEKPTIWTRNTP
CCGATGACATCAGCCAGGAAGAATACGGAGAGTTCTACAAGTCATTGACCAATGACTGGG
DDISQEEYGETFYZKSILTNTDWE
AGGATCATCTTGCCGTCAAGCATTTCTCTATTGAAGGCCAGCTCGAGTTCCGTGCTCTCC
DHLAV KHFSTITES G QLTETFTRATLL
TCTTCGTCCCACGCCGTGCTCCTTTCGATCTGTTTGAGAACCGCAAGCAGAAGAACCACA
v R RAPFDLFENRI KT QIKNHTI
TCAAGTTGTACGTCCGCCGTGTCTTCATCATGGACAACTGCGAGGAGCTCATCCCCGAGT
KLYVRRVEIMDNECETETLTTPEY
ACCTCAACTTCATGAAGGGAGTCGTCGACTCTGAGGATCTTCCTCTCAACATTTCTCGTG
LNFMKGVVDSEDILTPTLNTISRE
AAATGCTCCAGCAAAACAAGATCTTGAAGGTCATTCGCAAGAACTTGGTCAAGAAATGCA
K T LKV IRIKNLUVEKZE KT CHM
TGGAACTTTTCGAGGAGTTGGCTGAGGACAAGGAGAACTTTAAGAAGTTCTACGAACAAT
EL FEELAEDZEKENFZ KZ KT FYZEAQTF
TCAGCAAGAACTTGAAGTTGGGAGTCCATGAAGATTCTACCAACCGCAAGAAGATCGCTG
S K NLKLGVHETDSTNRIEKTZEKTITATD
ACCTCATCCGTTACCACACTTCCGCTTCTGGAGAAGATCAGGTTTCCTTCAAGGAATACG
T S AS GED VS F KEYV
TTTCTCGCATGAAGGAGAACCAGAAGCACATCTACTACATCACCGGTGAGAACAGAGATC
S RMKENQKHTIYYTTGENTR RDA
AAGTCAGCAACTCCTCCTTCGTCGAGCGTGTCAAGAAGCGCGGATTGGAGGTGATCTTCA
VSNSSFVERVYVYKIKRGLEVTITFM
TGACTGAGCCCATTGATGAGTACGTCGTCCAGCAACTCAAGGAATACGATGGCAAGCAGC
DEYVVQQLIKEYDGZ KA QL
TCGTCTCAGTCACCAAGGAGGGTCTGGAACTCCCCGAAGATGATGAAGAAACCAAGAAAC
vsVvTKESGLETLPEDDETETK KR
GCGAGAGCGACAAGGCTAAATTCGAGGGTCTCTGCAAAATCATGAAGGATATCTTGGACA
ESDKAKTFEGLT CZKTIMEKTDTITLDK
AGAAAGTCGAGAAGGTTGTTGTTTCCAACCGTCTGGTCGAGTCTCCCTGCTGTATCGTCA
V E K V VS NRLVESPCCTIVT
CCTCCCAGTACGGCTGGACAGCCAACATGGAGCGTATCATGAAGGCTCAGGCATTGAGGG
S QY GWTANMETRTIMEKAQATLTRTD
ATACCTCCACCATGGGTTACATGGCCGCCAAGAAGCACTTGGAAATCAACCCCGACCATC
TS TMGYMAAKIKHLETNPDHP
CCATCATCGAAGCCCTGCGCGTCAAAGCCGAGGCTGACAAGAACGACAAAGCCGTCAAGG
L RVKAEADIKNDTE KAV KD
ATTTGGTCATGTTGCTGTTTGAAACCTCTCTGCTGTCATCTGGTTTCTCCCTGGAAGAGC
LvMLLFETSLLSSGFSTLTETEFP
CAGCCGTCCATGCTTCTCGCATCTACCGCATGATCAAATTGGGTTTGGGCATCGATGAAG
AAVHASRIYRMTIZEKTLTGLGTITDETD
ATGATGTCCCTGCTGGTGGTGAGGAAGCCAAAGCCGAAGAAGAGATGCCGCCGTTGGAGA
D vVvPAGGETEAKAEEEMPPTLTEN
ATGACGAAGAAGATGCTTCTCGCATGGAGGAAGTCGATTANACGTGTCAATTCCTGTTAT]
DEEDASRMETEVTD
[TAANACACAAACTCAGTTTCTCTCAATTGTTCTTAATTCAGCGTTTTTGCGAACTGGAAT

GAGGGCATTCATATGTAAAACTAGTCTTTATTGTCTTAAAATCATGGCTTCACTTCATTA
CGTTGCTCCCTCATTCCTGGTATTGTATAACTACGTGCTAAGTGTTGGAATTCAATACAA
CCAATCGCGGTTTGCTATGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1 7% Hsp90 cDNA

Nucleotide and deduced amino acid sequences of D. pulex Hsp90 cDNA

(TAA) (ATTAAA)
GxxGxG LxxLL MEEVD

Hsp90

5
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2.4 ;% Hsp90 5 : Hsp90 mRNA b
ClustalW #% Hsp90  NCBI , R ( ), #R( )
( 14 )Hsp90 3 , Hsp90 mRNA
: by #( ) & #(
Hsp90 (Marsupenaeus japonicus) ) ¥ (P<0.05)
(Metapenaeus ensis) 85%,
11 : (Eriocheir sinensis) 3
(Penaeus monodon) (Litopenaeus Hsp90
vannamei) (Fenneropenaeus chinensis) ,
(Paracyclopina nana) (Scylla 1%—2%,
paramamosain) (Eurytemora affinis) ,
(Macrobrachium nipponense) (Tigriopus HSP90 ,
Jjaponicus) (Portunus trituberculatus) #% HSP90 cDNA , 2155bp
(Exopalaemon carinicauda) (ORF) 718 , i
(Chiromantes haematocheir) 79% scaffold 173:115844—118680 (GenBank
MEGAS.1 NCBI accession: GL732695.1), 718
Hsp90 , , #%& Hsp90
i3 Hsp90 , HSP90 5
( 4) , (NKEIFLRELISNSSDALDKIR
# Hsp90 (T japonicus) IGQFGVGFYSAFLVAD LGTIAKSGT IKLYVRRVFI

(M. nipponense) (C. haematocheir)

(S. paramamosain) (E. sinensis)

) (Ixodes

scapularis) (Opistophthalmus carinatus)
(Harpegnathos

saltator) (Quadrastichus erythrinae)

(Nilaparvata lugens) (Sogatella
furcifera) (Oxya chinensis)
(Lygus hesperus)
2.5 Hsp90 mRNA &

Hsp90 it T ( )

B ( ) & C ) 3

GVVDSEDLP LNISRE)( 1), ,
HSP90 5
(Gupta, 1995), 5
(Farcy et al, 2007; Li et al, 2009),
(Brunt et al, 2004)
HOP (HSP70 and HSP90 organizing

protein)  TPR (Tetra-tricopeptide repeat) ,
70 (Chen et
al, 2005) GxxGxG
LxxLL GxxGxG Hsp90  ATP
(Prodromou et al, 1997), Hsp90
; LxxLL Hsp90
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CLONING AND EXPRESSION ANALYSIS OF A Hsp90 GENE IN DAPHNIA PULEX

CHEN Ping', QIU Cheng-Gong', ZOU Xiu', ZHOU Jian-Kai', XU Shan-Liang',

WANG Chun-Lin', WANG Dan-Li', ZHAO Yun-Long®

(1. School of Marine Science, Ningbo University, Ningbo 315211, China;
2. School of Life Science, East China Normal University, Shanghai 200062, China)

Abstract The full-length cDNA of a Hsp90 gene (DpHsp90) was cloned from cladoceran Daphnia pulex using rapid
amplification of complementary DNA ends (RACE) method. The DpHsp90 ¢cDNA is 2568bp in length; and it has a 2155-bp
open reading frame that encodes a 718-amino-acid polypeptide containing GxxGxG, LxxLL module (leucine zipper) and
C-terminal MEEVD sequence. In addition, DpHsp90 shared homology of up to 85% with Marsupenaeus japonicus and
Metapenaeus ensis, and 79% with other crustacean species. Phylogenetic analysis revealed that DpHsp90 protein has a
close genetic relationship with crustacea such as Tigriopus japonicus, Macrobrachium nipponense, Chiromantes
haematocheir and so on. Results of qPCR (Real-time Quantitative PCR) show that the DpHsp90 expression was
significantly higher (P<0.05) in ephippial female (with winter eggs) than in parthenogenetic female (with summer eggs),
and was the lowest in the resting egg. Therefore, Hsp90 was closely related to the reproduction conversion of Daphnia
pulex. Meanwhile, Hsp90 mRNA expression in male was about 2.4 times higher than the parthenogenetic ones, indicating
that Hsp90 may have been involved in the formation of sperm.

Key words Hsp90; Real time-PCR;

Daphnia pulex; reproduction switching
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