Vol. 34, No.3

34 3
2010 5 ACTA HYDROBIOLOGICA SINICA May, 2010
DOI: 10.3724/SP.J.1035.2010.00547
70 cDNA
=== pu =
BExkw EIHE Wnif
( , 266003)
(Vibrio harveyi) (Scophthalmus maximus) cDNA hsp70 EST
, RACE 2188 bp HSC70 (Heat-shock cognate protein 70)
cDNA s 1956 bp 5" 3 651 Dnak
s HSP70 HSP70 s
HSC70 (Paralichthys olivaceus) HSC71 (Oncorhynchus mykiss) HSC71 (Homo
sapiens) HSC70 (Mus musculus) HSC70 (Manduca sexta) HSC70 97%,
95%, 94%, 93%, 86%, , hsc70 mRNA
hsc70 mRNA 24h  12h (2.5-fold 1.6-fold);
: ; ; HSC70; ; RACE; PCR
PES%ES: Q781 X#kFRIRAD: A X EHES: 1000-3207(2010)03-0547-07
(Heat shock proteins, HSPs) (=13 , s
HSC70 ,
HSC70 [1.13]
5 HSC70 s
(h , HSPs
[2—4] (Scophthalmus
HSPs maximus) s

E

81 HSC70 (heat-shock cognate protein

HSC71)
70 kD10

[5—7]

>

70,
HSP70,

Wis B #

E&mAB:
fEZ BT
BIRESE:

1 2009-02-20; 1&iT HEA: 2009-12-18
(108082);
(1981—), , , ;
; E-mail: xhzhang@ouc.edu.cn

> >

(Vibrio harveyi)

E-mail: jiaairong_701@yahoo.com.cn



548

34

[16—18]
, cDNA
hsp70  EST HSP70

HSC70 cDNA ,
hsc70
1
1.1
KBS N4
(13£1) cm, (45€2) g
( 16—20°C, )
B 0 Rk VIB645
JIM109 ; pUCM-T
1.2
5 RNA BJREL 50 mg,
Trizol Reagent (Invitrogen) RNA,
RNA RNA
RNA (-80°C)

24 cDNA BIEEFFTINE
SMART™ RACE ¢cDNA Amplification Kit (Clontech)

, 2 ug RNA
5'-RACE-Ready cDNA  3'-RACE-Ready cDNA
cDNA
hsp70 EST 5'-RACE

1 gspl (5'-CAAAGCGAGCCCTGGTGATGGAG-
3"), 3'-RACE : gsp2 (5'-AGGACATCAGCGAC
AACAAGAGAGC-3'),

10 pmol/L ,
(Universal primer mix, UPM) gspl, gsp2
5" 3'-RACE (19 50 uL PCR
1 345 puL 5 pL

10xAdvantage 2 PCR 1 pL dNTP (10
mmol/L) 1 pL 50xAdvantage 2 Polymerase Mix 5 pL
UPM (10x) 1 pL gspl  gsp2 (10umol/L) 2.5 pL
5'-RACE-Ready cDNA  Touchdown PCR

: 94°C 4min; 5x (94°C 30s, 72°C 2.5min); 5x

(94°C 30s, 70°C 30s, 72°C 2.5min); 25x (94°C 30s,
68°C 30s, 72°C 2.5min); 72°C 10min
pUCm-T , IM109,

HSC70 HRIRMES i R & FHAL D

EST 5" 3'-RACE
HSC70 cDNA
BLASTN (http://www.ncbi.nlm.nih.gov/
BLAST) >
BLASTP

ProtParam (http://cn.expasy.org/tolls/ProtParam), PHD
(http://www.predictprotein.org) SWISS-MODEL

(http://swissmodel.expasy.org/SWISS-MODEL.html)

HSC70
HSC70  HSP70
, Mega3.1 HSP70
1000 bootstraps
L VIB645
28°C 12h,
, 3x10" cfu/mL
0.15 mL , 35

ClustalW

g

2216E

C

“4 ) 36h
4 8 12 24
36h ( 4 ), 8h

, 10min,
-80°C
hsc70 EE B Z=RIESHT
4
RNase

, RNA,
DNasel
DNA M-MLV
RNA PolyA cDNA

4 ,-20°C hscT0
hsc-RTS (5'-CGCCCTGGAGTCGTATG
hsc-RTA (5'-GCCAGCCGATGACCTC
hsc70 mRNA

>

(Promega) 2 png

CTTTC-3")
GTTGC-3'),

122 bp ABI 7500
(Applied Biosystems, USA) PCR
20 pL : 1x SYBR Green Realtime PCR



3 70 cDNA 549
Master Mix (TOYOBO), 0.25 pumol/L , HSC70 71225.3,
(hsc-RTS  hsc-RTA), 10ng  cDNA 5.27, (Asp+Glu) 9%
PCR 1 95C Smin, (Arg+Lys) 81, (8.9 %)
95°C 15s, 60°C 1min, 40 , (7.8 %) (7.7 %) (7.4 %)
7.2%) , , 0.3 %
(95°C 15s, 60°C 1min, 95°C 15s, 60°C 15s) 23 HSC70
PS-actin PCR , PHD  SWISS-MODEL
p-actin actin-RTS , HSC70 Dnak
(5'-TGAACCCCAAAGCCAACAGG-3’) actin-RTA DLGTT-S-V (10—18 ) HSP70
(5'-CAGAGGCATACAGGGACAGCAC-3"), EEVD (648—651 ) C GGMP 4
108bp 4 (615—630 ) N ATP
(1—386 , 131—138 ATP/GTP
R Fold = 2 44¢r [201 ), 45kD, 4 o«
) (384—543 ), 18 kD, 4
pB-actin B a ; C
, AAC= [Ct - Ct 1- (542—651 ), 10 kD, o
[Ct - Ct ] N , C
) hsc70 ¢cDNA  BlastX , 5
> 1 hsc70 cDNA
SPSS 13.0 one-way ANOVA ClustalW ,
Duncan’s (Paralichthys olivaceus) HSC71 (GenBank
: BADO05136) (Oncorhynchus mykiss)
2 HSC71 (GenBank : AAB21658) (Homo
sapiens) HSC70 (GenBank : CAA68445)
2.1 hsc70 (Mus  musculus) HSC70 (GenBank
AAA37869) (Manduca sexta) HSC70
cDNA I11bp  hsp70  EST  (GenBank : AAF09496)
. EST 5" 3-RACE 97%, 95%, 94%, 93%, 86%
2188 bp cDNA 5
(GenBank : EF191027) 5' (Danio rerio, GenBank : AAB03704)
(5'-UTR) 138 bp, 3’ (3'-UTR) 94 bp, (Salmo salar, GenBank : ACI33977)
(Open reading frame, ORF) 1956 bp, (Xenopus laevis, GenBank
651 AAH41201) (Gallus gallus, GenBank
GenBank BLAST , NP_990334) HSC70 (GenBank
HSC70 > BAA31697) (GenBank . ACI34374)
cDNA (GenBank : BAD83574)
HSC70 ( ) (GenBank AAHS56709)
cDNA (Oreochromis mossambicus, GenBank
2.2 HSC70 CAA04673) (GenBank
ExPASy Molecular Biology Server AAH78115) (GenBank : AAD21817)
ProtParam HSP70 N-J ,



34

statistically different

550
HSC70 HSP70 , HSC70 s
HSC70 , HSC70
) hsc70 mRNA
(1 (45.4-fold), (
2.4 hsc70 17.9-fold 12.8-fold),
hsc70 (4.6-fold, 4.5-fold 4.3-fold),
, , (P<0.05),
PCR r=1, 2
Scophthalmus mximus HSC70
62 Paralichthys olivaceus HSC70
26 Salmo salar HSC70
63 Oncorhynchus mykiss HSC70
100 Danio rerio HSC70
Xenopus laevis HSCT0
99 95 Gallus gallus HSC70
100 _[ Mus musculus HSC70
92L Homo sapiens HSC70
Manduca sexta HSCT0
Xenopus laevis HSP70
Homo sapiens HSP70
FParalichthys olivaceus HSP70
4 100 — Salmo salar HSP70
77 I Oncorhynchus mykiss HSP70
84 Danio rerio HSP70
Oreochromis mossambicus HSP70
i
0.02
1 HSP70 N-J
Fig. 1 A phylogenetic tree of HSP70 family members constructed with Neighbor-Joining method
1000; HSC70
Numbers at branch nodes represent the confidence level of 1000 bootstrap replications. Turbot HSC70 is underlined
60
8 50 [ 2.5 hsc70
g 40
S 30 e
220 d hsc70
£
’ k" e FIE A Aol Rk
L = A fit L il -
e A hsc70 mRNA
, PCR
2 hsc70 hse70 mRNA
Fig. 2 Quantitative analyses of the expression profiles 2sc70 gene s¢ m ’
in different tissues s
Head kidney; Kidney; Heart; Liver;
Intestine; Muscle; Gill; Spleen; ’ ’
Groups marked with the same letters are not (P > 0.05);
4h 8h 12h  hsc70 mRNA



70 cDNA 551

3
(P> 0.05), 24h HSP70 BLAST ,
(2.5-fold, P < 0.05), 36h , HSC70 cDNA
(P> 0.05); , hsc¢70 mRNA s ,
4h 8h (P > 0.05), HSP70
12h (1.6-fold, P < 0.05), (HSC70)
36h ( 3) , HSP70
A 40 ’
% 30 ¢ (22, 20 PCR HSC70
£ 20 © b hsc70 mRNA
S 1of @b @ . b ,
O Nor Ps  4h  8h  12h 24h  36h HSP70 hsc70 mRNA
B b
&
% R HSP70
E , (Oncorhynchus kisutch)
. A I /N . ; Xiphooh helleri (22,27, 28]
Nor PSS  4h 8h  12h  24h  36h (Xiphophorus helleri)
3 hsc70
Fig.3 Expression profiles of the 4sc70 gene in different tissues of hsc70 ’
turbot using real-time PCR at different times after challenged with HSC70 , hs¢70 mRNA
V. harveyi
A. ; B. ; Nor. ; PS. >
: 24h , 36h
A. head kidney; B. spleen; Nor. non-injected fish; PS. physiological 12h
saline -injected fish; Groups marked with the same letters are not ’
statistically different 36h  Wu, et al
3 (Litopenaeus vannamei) , HSC70
hsc70 mRNA
, , 2.5-fold  1.6-fold,
R Deanel” (Sparus sarba)
, , hsp70 (hsc70)
, 1.7-fold, hsp70  (hsp70)
cDNA , 49 EST 6.7-fold" , mRNA
R MHC class Ia hsp70 , mRNA ,
R Src- GTP )
211 HSP70 HSPs hsp70 ,  HSP70
[30. 31) , hsc70
HSP70 132, mRNA
(22] , HSC70
HSP70 HSC70  Watanabe!'!  Xu!'” , HSC70
cDNA C > 5
GGMP 4 R C siRNA HSC70
EEDV (23251 , HSC70

HSP70



552

34

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Jiao C Z, Wang Z Z, Li F H, et al. cDNA cloning, sequenc-
ing and expression analysis of heat-shock cognate protein 70
gene (HSC70) from shrimp Fenneropenaeus chinensis [J].
Chinese Science Bulletin, 2004, 49(21): 2178—2186 [
(Fenneropenaeus chinensis)

70(HSC70) cDNA . ,
2004, 49(21): 2178—2186]

Hightower L E. Heat shock, stress proteins, chaperones and
proteotoxicity [J]. Cell, 1991, 66(2): 191—197

Hendrick J P, Hartl F. Molecular chaperone functions of
heat-shock proteins [J]. Annual Review of Biochemistry,
1993, 62: 349—384

Welch W J. How cells respond to stress [J]. Scientific
American, 1993, 269: 56—64

Krebs R A, Feder M E. Natural variation in the expression of
the heat-shock protein HSP70 in a population of Drosophila
melanogaster and its correlation with tolerance of ecologi-
cally relevant thermal stress [J]. Evolution, 1997, 51(1):
173—179

Krebs R A, Feder M E. Tissue special variation in HSP70
expression and thermal damage in Drosophila melanogaster
larvae [J]. Journal of Experimental Biology, 1997, 200:
2007—2015

Agarraberes F A, Terlecky S R, Dice J F. An intralysosomal
HSP70 is required for a selective pathway of lysosomal pro-
tein degradation [J]. Journal of Cell Biology, 1997, 137(4):
825—834

Mayer M P. Recruitment of Hsp70 chaperones: a crucial part
of viral survival strategies [J]. Reviews of Physiology Bio-
chemistry and Pharmacology, 2005, 153: 1—46

Deane E E, Woo N Y S. Cloning and characterization of the
hsp70 multigene family from silver sea bream: Modulated
gene expression between warm and cold temperature accli-
mation [J]. Biochemical and Biophysical Research Commu-
nications, 2005, 330: 776—783

Juliann G K, George C T. Heat shock protein 70 kDa : Mo-
lecular biology , biochemistry and physiology [J]. Pharma-
cology and Therapeutics, 1998, 80(2): 183—201

Yasuko S, Chuzo I, Yukiko I, et al. 71-kilodalton heat shock
cognate protein acts as a cellular receptor for syncytium for-
mation induced by human T-cell lymphotropic virus type
1[J]. Journal of Virology, 1998, 72: 535—541

Cripe T P, Delos S E, Estes P A, et al. In vivo and in vitro
association of hsc70 with polyomavirus capsid proteins [J].
Journal of Virology, 1995, 69: 7807—7813

Guerrero C A, Bouyssounade D, Zarate S, et al. Heat shock
cognate protein 70 is involved in rotavirus cell entry [J].
Journal of Virology, 2002, 76: 4096—4102

Watanabe K, Tachibana M, Tanaka S, et al. Heat shock cog-

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

nate protein 70 contributes to Brucella invasion into tro-
phoblast giant cells that cause infectious abortion [J]. BMC
Microbiology, 2008, 8: 212

Xu H, Yan F, Deng X, et al. The interaction of white spot
syndrome virus envelope protein VP28 with shrimp Hsc70 is
specific and ATP-dependent [J]. Fish and Shellfish Immu-
nology, 2009, 26: 414—421

Chen L X, Zhang X W, Xiao T Y, ef al. Expression of
Hu-IFN-a gene in transgenic grass carp [J]. Journal of Hu-
nan Agricultural University, 2001, 27(3): 177—178 [ s

5 5 . o-

. ( ), 2001, 27(3):
177—178]
Zhang Y B, Zhang Q Y, Gui J F. Interferon system and iden-
tification of interferon system genes in fish [J]. Acta Hydro-
biologica Sinica, 2004, 28(3): 317—322 [ S s

, 2004, 28(3): 317—322]

LiuY, Wei L L, Li L, ef al. Effect of formalin inactivated
flavobacterium columnare on expression of immune re-
lated genes in grass carp, ctenopharyngodon idellus [J].
Acta Hydrobiologica Sinica, 2008, 32(6): 794—=801 [

, 2008,
32(6): 794—801]
Jia A, Zhang X H. Molecular cloning, characterization and
expression analysis of cathepsin D gene from turbot
Scophthalmus maximus [J]. Fish and Shellfish Immunology,
2009, 26(4): 606—613
Livak K J, Schmittgen T D. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 2“7
method [J]. Methods, 2001, 25(4): 402—408
Wang C, Zhang X-H, Jia A, et al. Identification of im-
mune-related genes from kidney and spleen of turbot
(Scophthalmus maximus) by suppression subtractive hy-
bridization following challenge with Vibrio harveyi [J].
Journal of Fish Diseases, 2008, 31(7): 505—514
Wan W J, Wang J T, Shi C B, ef al. Gene expression of
HSP70 in green swordtail Xiphophorus helleri exposed to
Vibrio alginolyticus [J]. Journal of Dalian Fisheries Univer-
sity, 2007, 22(5): 330—334 [ , , ,

HSP70
, 2007, 22(5): 330—334]

Demand J, Luders J, Hohfeld J. The carboxy-terminal do-
main of HSC70 provides binding sites for a distinct set of
chaperone cofactors [J]. Molecular and Cellular Biology,
1998, 18(4): 2023—2028
Freeman B C, Myers M P, Schumacher R, et al. Identifica-
tion of a regulatory motif in HSP70 that affects ATPase ac-
tivity, substrate binding and interaction with HDJ-1 [J].
EMBO Journal, 1995, 14(10): 2281—2292
Vayssier M, Leguerhier F, Fabien J F, ef al. Cloning and



3 : 70 cDNA 553

analysis of a Trichinella briotovi gene encoding a cytoplas- expression of heat shock cognate 70 (HSC70) in the Pacific
mic heat shock protein of 72 kD [J]. Parasitology, 1999, 119: white shrimp Litopenaeus vannamei [J]. Molecular Biology,
81—93 2008, 42: 265—274
[26] Currie S, Tufts B. Synthesis of stress protein 70 (HSP70) in [30] Yost H J, Lindquist S. RNA splicing is interrupted by heat
rainbow trout (Oncorhynchus mykiss) red blood cells [J]. shock and is rescued by heat shock protein synthesis [J]. Cell,
Journal of Experimental Biology, 1997, 200(3): 607—614 1986, 45(2): 185—193
[27] Forsyth R B, Candido E P M, Babich S L, et al. Stress pro- [31] Yost HJ, Lindquist S. Heat shock proteins affect RNA proc-
tein expression in coho salmon with bacterial kidney disease essing during the heat shock response of Saccharomyces
[J]. Journal of Aquatic Animal Health, 1997, 9(1): 18—25 cerevisiae [J]. Molecular and Cellular Biology, 1991, 11(2):
[28] Ackerman P A, Iwama G K. Physiological and cellular stress 1062—1068
responses of juvenile rainbow trout to vibriosis [J]. Journal [32] Chuang K, Ho S, Song Y. Cloning and expression analysis
of Aquatic Animal Health, 2001, 13(2): 173—180 of heat shock cognate 70 gene promoter in tiger shrimp
[29] Wu R, Sun L, Lei M, et al. Molecular identification and (Penaeus monodon) [J]. Gene, 2007, 405: 10—18

CLONING AND EXPRESSION ANALYSIS OF AHSC70 GENE FROM TURBOT

JIA Ai-Rong, WANG Chuan-Juan and ZHAGN Xiao-Hua
(Department of Marine Biology, Ocean University of China, Qingdao 266003, China)

Abstract: Disruption of normal cellular processes can cause the rapid and increased synthesis of a group of proteins
belonging to the heat shock proteins (HSPs). Of all the HSPs, HSP70 has been widely studied as a biomarker of stress,
and the major inducing factor for HSP70 up-regulation is the occurrence of damaged cellular protein. HSC70
(heat-shock cognate protein 70) is a constitutively expressed member of the 70 kD class of HSP70, which plays key
roles in the cell as molecular chaperone and involves in a number of cellular processes. HSC70 has been shown to be
involved in protein folding in the cytoplasm, protein import into the endoplasmic reticulum, mitochondria, chloroplasts,
or trafficking of the receptors and coated vesicles and so on. In previous study, suppression subtractive hybridization
(SSH) was used to investigate the response of turbot (Scophthalmus maximus) to Vibrio harveyi, using a cDNA library
constructed from kidney and spleen of artificially infected turbot, and several immune-related genes were identified,
including a hsp70 gene. In the present study, the complete cDNA sequence of turbot HSC70 was obtained using the
method of RACE. The full length 45c70 cDNA of 2188 bp contained a 138 bp 5'-untranslated region (5-UTR), a 1956
bp open reading frame (ORF) encoding 651 amino acids, and a 94 bp 3'-untranslated region (3'-UTR). The specific mo-
tif of Dnak (DLGTT-S-V, 10—18 aa), EEVD (648—651 aa) and GGMP repeated tetra-peptide (615—630 aa) were
found in the deduced amino acid sequence of turbot HSC70. Compared with the members of HSC70 from other organ-
isms, turbot HSC70 had 97%, 95%, 94%, 93% and 86% identity with HSC70 from flounder (Paralichthys olivaceus),
rainbow trout (Oncorhynchus mykiss), human (Homo sapiens), mouse (Mus musculus) and tobacco (Manduca sexta)
respectively. The overall topology of the phylogenetic tree showed that the turbot HSC70 and HSC70s from other fish
formed one cluster. Quantitative real-time PCR demonstrated that 2s¢70 mRNA expressed constitutively in all of the test
tissues, and the lowest expression level of turbot 2sc70 mRNA was detected in muscle, the highest expression level was
in liver by 45.4-fold. After the injection of physiological saline, the 2sc¢70 mRNA expression levels in liver and spleen
had no significant changes compared to those of non-injected turbot (P>0.05). This suggested that the injection itself
had no influence on the expression of Asc70. After turbot were challenged with V. harveyi, the expression levels of
hsc70 mRNA were up-regulated in liver (2.5-fold) and spleen (1.6-fold) at 24h and 12h, respectively (P<0.05). The re-

sults provided a preliminary foundation for the further functional research of turbot HSC70.

Key words: Turbot; Vibrio harveyi; HSC70; Gene expression; RACE; Quantitative real-time PCR



