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, (Meretrix mere-

trix)" HSP70
: HSP70
(Sinonovacula constricta Lamarck)
, (Bivalvia)
(Veneroida) (Solecurtidae) (221,
, , 60%~80%,
[23-24]
[25-27]
cDNA 1
HSP70 EST (28],
5'RACE ,
HSC70 cDNA ,
PCR
1
11
2010 4
400 1 )
20 2
9 )
. 3
, 3
TaKaRa RNAiso Plus
RNA,

, 28 ,
0.4%
( )48
h , PBS
3, , PBS
ODggo = 0.4
4 ,
, PBS
, 50 uL
, 80 ,
0h
, 4 8 12
20 30 48 72 , 9
, 3 ,
3 RNA,
1.2 ScHsc70 cDNA
cDNA EST
, 1 HSP70
EST , ,
MI3F  MI3R( 1) ,
mRNA ,
3'UTR SMART™ RACE

Advantage® 2PCR
5'RACE ,
Primer primer 5.0 Schsp70-F,
UPM (D 5!
PCR : 94 3min; 94 30s,68 305,
72 1 min, 35 ;72 10 min; 4
1.5% >
TIANgel Midi Purification Kit
PCR , pMD19-T,
(Escherichia coli) DH5x,

cDNA Amplification Kit

Enzyme System

PCR
5'RACE PCR ,



1 : ScHsc70 cDNA 35

ScHsc70
1.3 ScHsc70

cDNA

HSC70 cDNA

GenBank BLAST
(http://www.ncbi.nlm.nih.gov/BLAST)

ORFFinder (http://www.n-cbi.nlm.nih.gov/

projects/gorf/) (open reading
frame, ORF) Prot-
param (http://www.expasy.org/tools/protparam.

html)

ver(http://www.ch.embnet.org/software/TMPRED _
form.html)

, Tmpredser-

, SigalP 3.0server
(http://www.cbs.dtu.dk/service/SignalP)
, Antheprot 2000

BLASTp  GenBank
, ClustalX
MEGA 4.0 ,
(ND) HSP70
, Bootstrap 1 000
1.4 ScHsc70
ScHsc70 cDNA
, PCR hsp70F hsp70R,
ScHsc70 mRNA , TaKaRa Prime-
script™ RT-PCR Kit RT-PCR , RNA

SYBR Green
PCR ,
cDNA , 18S rRNA
, Bio-Rad CFX 96 PCR
(Bio-Rad, )
SYBR
, Mix 10 puL
0.6 uL  ddH,0 6.8 pL
: 95 30 s; 95

cDNA

Takara
20 puL
(10 mmol/L)
cDNA 2 puL
55,60 30s, 40
2—AACT
+ (7 £SD)

SPSS 16.0 t-test , P<0.05

2

2.1 cDNA
ScHsc70
1 500 bp
s ScHsc70

5'RACE
1 600 bp; 2
cDNA ,
cDNA 2335
: JE748730), 76 bp 5’
(5'UTR), 309 bp 3’
1 950 bp,

bp(GenBank

(3'UTR),

649 3'UTR
AATAAA PolyA ( 1)
Antheprot 2000 ,

x1 AHREAASIMFS

Tab. 1 Sequences of primers used in the study

primer (5'-3") sequence(5'-3") /bp product length
MI3F GTAAAACGACGGCCAGT
MI3R AAACAGCTATGACCATGTTCA Hae2
Schsp70-F CCTTGCTCAATCGTCCCTTGTCAT
CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT (long) 1613
UPM CTAATACGACTCACTATAGGGC (short)
hsp70F TCAGGGAAACAGGACCACA
hsp70R GCTGGGAGTCGTTGAAGTAA 368
18S-F TCGGTTCTATTGCGTTGGTTTT 0

18S-R CAGTTGGCATCGTTTATGGTCA
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| acatggggaacccags

17 ttttgatcagtgaagtticgaagaagatcacaagaacaaaagaacctcaccaaccacgaga

77 ATGGCAAAGGCACCAGCAGTCGGTATTGATTTGGGAACCACCTATTCCTGCGTGGGGGTG
M A K A P A V G I D L 6 T T Y 8§ C V G V 20

137 TTCCAGCATGGCAAAGTTGAGATCATTGCAAACGATCAGGGAAACAGGACCACACCAAGT
F Q H 6 K v E I 1 A N D Q GG N R T T P S 40

197 TATGTGGCATTCACAGACACCGAGCGATTGATCGGTGATGCTGCTAAGAACCAGGTCGCC
Y v A F T D T E R L I 6 D A A K N Q V A 40

257 ATGAACCCCACAAACACAGTCTTTGATGCTAAGCGTTTAATTGGCCGAAAGTTTGAGGAT
M N P T N T V F D A K R L I G R K F E D 80

317 GCTGCAGTTCAAGCAGATATGAAGCACTGGCCATTCACGGTAAAAAGTGATGGTGGCAAA
A AV Q A DM K H W P F T V K S D G G K 100

377 CCAAAGATTGAAGTTGAATATAAGGGAGAGACAAAAACGTTTTACCCAGAAGAAGTCTCT
P K I E vV E Y K 6 E T K T F Y P E E V S 120

437 TCCATGGTTCTCACAAAAATGAAGGAAACTGCAGAGGCTTACCTCGGAAAGACTGTTACC
S M VvV L T K M K E T |[A E A Y L G K T|wv T 140

497  AACGCGGTAGTCACAGTACCAGCTTACTTCAACGACTCCCAGCGACAGGCCACCAAGGAT
N A vV V T v P A Y F N D S Q R Q A T K D 160

557 GCTGGAACTATTTCTGGTCTTAATGTACTCCGTATCATCAATGAACCCACAGCTGCTGCC
AG T I $ GG L N V L R I I N E P T A A A 180

617 ATTGCCTATGGTCTCGACAAGAAGGTTGGCGGTGAGAGGAATGTCCTCATCTTCGACTTA
I A Y G L D K K V 6 G E R N Vv L I F D L 200

677 GGAGGCGGTACCTTTGATGTATCTATTCTCACCATTGAAGATGGCATCTTCGAGGTGAAA
G 6 6 T F p Vv 8 1 L T I E D G I F E V K 220

737 TCCACATCAGGTGACACCCACTTGGGTGGTGAAGACTTTGACAATCGCATGGTGAACCAC
s T S G D T H L G G E D F D N R M vV N H 240

797 TTCATCCAGGAGTTCAAACGCAAACACAAGAAAGACATGAGTGACAACAAACGTGCTGTG
F I © E F K R K H K K D M 8 D N K R A v 260

857 CGTCOTCTGCGTACTGCCTGTGAAAGGGCGAAGAGAACTCTGTCATCCAGCACACAGGCC
R R L R T A C E R A K R T L S s s T 0 A 280

917 AGCATTGAAATCGACTCTTTGTTTGAGGGTATTGACTTCTACACTAGCATCACCAGAGCC
s 1 E I D S L F E G I D F Y T s 1 T R A 300

977  AGGTTTGAGGAGCTCAATGCAGATCTGTTCCGTGGCACCCTGGAACCAGTTGAGAAGTCC
R F E E L N A DL F R G T L E P v E K s 320

1037 CTTCGCGATGCCAAGATGGACAAGTCTGGCGTCAATGAGATTGTCTTGGTTGGTGGCTCC
L R D A K M D K S G V N E I V L VvV G G s 340

1097  ACACGTATCCCGAAGATCCAGAAGTTGCTCCAGGACTTCTTCAATGGCAAGGAGCTGAAT
T R 1 P K I Q@ K L L @ D F F N G K E L w 360

1157  AAGAGCATCAACCCTGATGAGGCCGTCGCCTATGOTGCAGCTGTCCAGGCTGCCATCTTG
K § 7/ N P D E A V A Y G A A V Q A A 1 L 38

1217 CACGGAGACAAGTCCGAGGAGGTGCAGGATCTCTTGTTGTTGGACGTCACTCCCCTGTCA
H ¢ D K S E E V 0 b L L L L DV T P L s 400

1277 CTCGGTATCGAGACCGCCGGAGGTGTGATGACGTCCCTCATCAAGAGGAACACCACCATC
L 6 1 ET A G G V M T S L I K R N T T 1 42

1337 CCCACAAAACAGACCCAAACATTCACCACCTACTCAGACAATCAGCCAGGTGTGCTCATC
P T K Q T Q T F T T Y S DN P 6 v L 1 440

1397 CAGGTGTTTGAGGGAGAGCGAGCCATGACCAAGGACAATAATTTGCTTGGGAAGTTTGAG
R C vV F E 6 E R A M T K D N N L L G K F E 460

1457  CTCACAGGCATTCCACCAGCACCTCGAGGTGTACCCCAGATTGAGGTCACCTTTGACATT
L T G I P P A PR G V P Q I E V T F D 1 48

I517  GATGCCAACGGTATCCTGAACGTCTCTGCCACCGACAAGAGTACTGGCAAGGAGAACAAG
D AN G I L ¥ ¥V & 4 T D K S T G K E N k 500

1577 ATCACCATCACAAATGACAAGGGACGATTGAGCAAGGATGAGATCGACAGAATGGTGAAT
I T 1 T N D K G R L S K D E 1 p R M v N 520

1637 GATGCAGAGAAGTACAAGAACGAGGATGAGAACCAGAAGAACCGCATCCAGGCCAAGAAC
P A E K Y K N E D E N O K NR 1 0 Ao kK n 540

1697  CAGCTGGAGAGTTACTCATTTAACATGAAGTCAACAGTAGAGGATGAGAAACTAAAGGAC
Q L E S Y S F NMEK S T V E D E K L K p 360

1757 AAGATCAGTGAAGAAGACAAGAAAGTTATTCTGGACAAGTGCAATGATGTGATCCACTGG
K 1 S E E D K K VvV I L b K € N D v 1 n w 58

1817 CTGGACGGTAACCAGCTGGCCGAGAAAGAGGAGTTTGAGTCTAAGCAGAAGGAACTGGAG
L D G N O L AETZKTETETFTETSTEKTOOTZKE L g 000

1877  GGTGTATGCAACCCCATCATCACCAAGCTGTACGCCGCCAGCGGAGGTGCCCCAGGAGGT
6 v ¢ NP I I T K L Y A A S G G A P ¢ ¢ 020

1937 ATGCCCGGCEETGCACCCAACTTTGGTGGGGCTGGTGGTCCAGCTCCCGETGGTGCOTCC
M P G G A P N F G G A G G A A P G G a s 0640

1997  CAAGGACCAACCATTGAAGAGGTCGACTAAcaaccatcctectacacatattegacttee
Q G P T I E E V D = 649

tgaacaaaacatgtttaccatctgtggtgtagttttacaactttcttggacttcacagaa

tatttcaaaatttatgatttcttasatgtcagttaagtcaaaaaaaaaaaattttttttt

tgtgaatattggtccagaaaaaaatcgtitcattttcatttaatttcattccatcattat

ttattcaattgttttgttacgtctgttataacagacatgtgatcatgacctgaataaaaa

caaaacagtcttaaaaaaaaaaaaaaaaaaaaaaaaaaa

1 ScHsc70 cDNA
; C ; ATP-GTP ; GGXP
Fig.1 Full-length of cDNA and deduced amino acid sequence of ScCHsc70 gene from Sinonovacula constricta
3'and 5' untranslated regions are shown as small letters. Coding region is shown as capital letters. A putative polyadenylation signals
(AATAAA) is bolded. Stop codon is marked with asterisk. Glycosylation sites are italic. Three signatures and one conserved sequence

at carboxyl terminal are underlined. A putative ATP-GTP binding site is in box. Four terapeptides of GGXP at carboxyl terminal re-
gion are double underlined.
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HSP70 3 : IDLGTTYS
IFDLGGGTFDVSIL  IVLVGGST RIPKIQK, MEGA 4.0 NJ
C EEVD [14 2730 HSP70 ( 3),
2 :NKSI  NVSAPY (1) HSP70/HSC70 GenBank
1 ATP-GTP , C 2 A B ,
GGXP BAc 1 A , (Laternula
649 , elliptica) (Meretrix meretrix)
70.89 kD, 5.28 (Gly) ,B HSP70, A
(Lys) (Ala) (Glu) , HSP70 HSC70
8.8%, 8.6% 7.9%  7.9%; (Trp) Bioedit (3] HSP70
(Cys) (His) ; C ( 4, , A
0.3% 0.6% 1.1%( 2) R GGXP
(Asp + Glu)97 (Arg + C GPTIEEVD ; B
Lys) 82 78.75,
9963, C3105H4982Nsg5801001517 2.2 ScHsc70
34.38, SigalP
NN HMM 18S rRNA , PCR
*2 BATFRGHAMFIILNIAHEAFIESR
Tab. 2 Information of the protein sequences used in phylogenetic and alignment analysis
protein abbreviation name of encoding gene GenBank accession number
CgHsp70 hsp70 Crassostrea gigas hsp70 CAC83009
CgHsc70 hsc70 Crassostrea gigas hsc70 CAC83683
CgHsp72 hsp72 Crassostrea gigas hsp72 AAD31042
CgHsp70-1 hsp70-1 Crassostrea gigas hsp70-1 BAD15286
CgHsc71 hsc71 Crassostrea gigas hsc71 BAD15287
CvHsp70 hsp70 Crassostrea virginica hsp70 CAB89802
CaHsp70 hsp70 Crassostrea ariakensis hsp70 AAO041703
OeHsp69-D2 hsp69-D2 Ostrea edulis hsp69, clone D2 AAM46635
OeHsp69-5 hsp69-5 Ostrea edulis hsp69, clone 5 AAM46634
OeHsp70 hsp70 Ostrea edulis hsp70 CACS83010
OeHsc70 hsc70 Ostrea edulis hsc70 CAC83684
PvHsp71 hsp71 Perna viridis hsp71 ABJ98722
MgHsp70 hsp70 Mytilus galloprovincialis hsp70 AAW52766
MgHsc71 hsc71 Mytilus galloprovincialis hsc71 CAHO04109
MgHsp70-1 hsp70-1 Mytilus galloprovincialis hsp70-1 CAE51348
MgHsp70-2 hsp70-2 Mytilus galloprovincialis hsp70-2 CAHO04106
MgHsp70-3 hsp70-3 Mytilus galloprovincialis hsp70-3 CAHO04107
MgHsp70-4 hsp70-4 Mytilus galloprovincialis hsp70-4 CAHO04108
AiHsp70 hsp70 Argopecten irradians hsp70 AAS17723
CfHsp70 hsp70 Chlamys farreri hsp70 AAO38780
MyHsp70 hsp70 Mizuhopecten yessoensis hsp70 AAS17724
MmeHsp71 hsp71 Meretrix meretrix hsp71 HQ256748
LeHsp70 hsp70 Laternula elliptica hsp70 ABM92345
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Fig.2 Amino acid composition of ScHsc70 from Sinonovacula constricta
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Fig. 3 NJ phylogenetic tree depicting the relationship between ScHsc70 and other bivalve HSP70 sequences
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Fig.4 Alignment of carboxyl terminal region of amino acid sequences of ScHsc70 and other bivalve HSP70s
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Four terapeptides of GGXP at carboxyl terminal region are in gray. One conserved sequence of GPTIEEVD at carboxyl terminal is underlined.
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Fig.6 ScHsc70 mRNA expression level in liver after bacterium induction at different time detected by qRT-PCR
* means significant difference between challenged group and control group at the same time(P<0.05).
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Abstract: Heat shock proteins consist of several families of highly conserved proteins that play an essential role in
a number of cellular processes. Among the 70 kD family of heat shock proteins, heat shock cognate protein 70 kD
(Hsc70) and inducible heat shock protein 70 kD (Hsp70) have been extensively studied in vertebrates and inverte-
brates. Several cDNAs encoding HSP70 have been described in molluscs, including the oyster (Crassostrea gigas),
bay scallop (Argopecten irradians), Zhikong scallop (Chlamys farreri), mussel (Mytilus galloprovincialis), and
Asiatic hard clam (Meretrix meretrix). Recent studies examining HSP70 expression in different species of mollusc
have recognized the physiological and ecological importance of heat-shock gene expression in response to chang-
ing environments. We isolated an EST sequence with high homology with heat shock protein 70 gene from the
cDNA library of Sinonovacula constricta. Then, the complete express sequence of this gene was obtained using
PCR and 5'RACE. The cDNA of this gene was 2 335 bp, and consisted of a 76 bp 5’ untranslated region (UTR), a
1 950 bp open reading frame (ORF) and a 309 bp 3" UTR. The translated protein consisted of 649 amino acids
(70.89 kD)and its calculated isoelectric point was 5.28. Sequence analysis of the protein revealed that this gene
contained three signature sequences of the heat shock protein 70 family (HSP70 family), two glycosylation sites
and one ATP-GTP binding site. Four terapeptides of GGXP and a cytoplasm characteristic motif of EEVD were
detected in the carboxyl terminal region of the deduced amino acid sequence. This HSP70 is a member of the
HSC70 (constitutive genes) subfamily in the HSP70 family, and is designated as SCHsc70. Phylogenetic analysis
suggested that the protein was most similar to those of S. constricta, Laternula elliptica, and M. meretrix. Quanti-
tative reverse transcriptase (QRT-PCR) analyses revealed that SCHsc70 mRNA was expressed constitutively in all
the tissues tested. Expression was lowest in the mantle and highest in the water pipe and liver. Following challenge
with Vibrio parahaemolyticus and V. anguillarum, ScHsc70 mRNA expression first increased in the liver of S.
constricta then decreased. Expression peaked after 20 and 30 h post-challenge with V. parahaemolyticus and V.
anguillarum, respectively. There was a significant increase in SCHsC70 mRNA in the liver of clams challenged
with V. parahaemolyticus compared to the control group at 4, 12, and 30 h post-challenge. Similarly, there was a
significant increase in SCHsc70 mRNA levels in the liver of clams challenged with V. anguillarum 4, 8, 12, 20, 30,
and 48 h post-challenge. Our results suggest that SCHsc70 may play a role in the immune response of S. constricta
to bacterial challenge.
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