29 11 Vol 29 Na 11

2009 11 Acta Scientiae C rcun stantae Nov, 2009

, , .. 2009 70 DNA [J] L 29( 11): 2324
- 2330

He S LiangX E LiG G, etal 2009. Cbning and analys& of the full-length ¢cDNA sequences of the heat shock protein 70 gene fram silver caip  grass
carp and Nile tibpia J]. ActaScientiae Circumstantine 29 (11): 2324 - 2330

70 c¢DNA

T, Mg |, 205, £k ARE

BEHAFEGRFHEAFIR, M 510632

: 2009-03-16 : 2009-05-08 : 2009-09-15
RT-PCR RACE (Hyp@hthat ichthys molitric) (Oreodhran is nilotica)
( Ctenopharyngodon della) 70( HSP70) DNA s HSP70
s HSP70 c¢DNA 2356 bp 2348 bp 2242 bp 649 649 638
HSP70 HSP70 s R
. s (Carassius auratus gibelv)  HSP70 s
; HSP70 s s ,
HSP70 HSP7Q HSP70 HSP70
70, ; ; ; ;
: 0253-2468 (2009) 11-2324-07 : X171 c A

Clning and analysis of the full-length c DNA sequences of the heat shock protein
70 gene fram silver carp grass carp and Nile tilap ia

HE Shan LIANG Xufang* , LIGuanguj WANG L, YU Y ng
College of Life Science and Technobgy, Jnan Uniwersiy Guangzhou 510632

Received 16 M arch 2009 received in revised fom 8M ay 2009; accepted 15 Sep tanber 2009

Abstract Heat shock protein 70 (HSP70) fulklengthh dNA s were cloned from the lwver of wo phytophnktivorous fredwater fidh, silver camp
(H ypoph thalm ich thys m olitric) and N ik tilapia ( Oreodhranis nibtica), and one heibvorous fsh grass cawp ( Ctenopharyngalon della) using RT-PCR
and RACE. Sequence analyss revealed that the silver cap  grass cap and N ik tilapia HSP70 dDNA swere 2356, 2348 and 2242 bp n lkngth and
contaned an oper-readng frame (ORF) of 1950 bp ( encoding a polypeptide of 649 anmo acids), 1950 bp (encoding a polypeptide of 649 ammo
acis), 1917 bp ( encoding a polypeptdde of 638 an mo acids), resgpectively Silver carp grass caip and Nike tilapn HSP70 sequences are highly
hanobgous © other fsh anphbia and manmak HSP7Q which suggests that they play a wle n fundamental celluhr processes Results of the
phylogenetic analysis revealed that silver caip and grass carpHSP70 ©omed a clusterwith other cyprinid fishes such as zebrafish and silver prussian cam
but N il tibpa HSP70 fomed a distinct cluster This is consstentw ih the resul that the cloned silver carp and grass carp HSP70 may belong to heat
shock cognate 70 whereas the clned N ik tilapia HSP70may be classified as nducble heat shock protein 70.
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70 cDNA 2325

, « 7 ( , 2007).
HSPs HSPs
6 , HSPs HSP40
HSP60 HSP70 HSP9O  HSPI11Q , HSP70
, , HSP70
HSP70 S50% ( Basu etal,
2002).
HSP70 ,
DNA
(Bond et al, 1987). ,
HSP70 ,
HSP70 ( ,
2007).
(Krienitz etal,
2003). ,
3
( , 1989), ,
) (Sivonen etal,
1990). ,
( reactive
oxygen species ROS),
(
) (Liang etal, 2007).
S- ( sobble ghitathione
S-transferasg GST') ( )
(Wang et al, 2006 Liao etal, 2006),
70(HSP70)

( Hypophthaln ichthys molitrw )
(Ctenopharyngodon della)
nilotica) , 3

(Oreochram is

B ? B

B

RT-PCR  RACE
HSP70, DNA

HSP70
, HSP70
2 (M aterials and m ethods)
21 xR A&
(10 00 g) (8 55 ¢)
(9.06 g)

22 X RNA#H A DNA % —4H 44

SV Total
. dNA
TaK aRa RNA TA PCR™ Kit
(AMV) Ver 1 1 ,

RNA ’ oligo(dI')zo N

RNA
RNA Isolatbn System

Pran ega

23 &t@m ¥@ RZZEE I HSP7T0 DNA &
Nl NS

HSP70
4
HSP7003R, H SP7002F
dDNA . Tagq
(TaK 2R a) PCR :
3mn 94 °C Imin 40 C 1

lmin 30 , 72C

, HSP7001F
HSP7004R ( 1).
DNA
94 C
min 72°C
Smin
24 B ¥ BT FEE HSPIOEE 5%
DNA ¥ 3
HSP70
DNA 5—FullRACE Core Set
(TaKaRa) 6 5-RACE ,
SHSP705'S1 G HSP705 S1 N HSP705' S1
SHSP705' S2 GAHSP705'S2 NHSP705'S2( 1),

. SRACE
UL RNA ( 1Hg),
5~RACE CDS Priner A MARTI[ ™ A
O ligonucleotdde , dDNA , TE
Buffer 10 PCR 10

2 5 B, 10 x PCR buffer 5 B, dNTP

(.10mmo}t L' each) 1 HI, PowerScrpt R everséltan-



2326

29

scrptase 1 HI, SHSP705'S1 G dH SP705S1
NHSP705'S1 1 BL 10 x U niver
sal Prmer A M ix (UPM ) 5 I, ddH 0 50
UL PCR : 94 C 3min 94 C
Imn 50 C 1min 72 °C 1 mn 30 s
72°C 5mn 1 11,

Nested Universal Primer ( NUP)
SH SP705'S2 G dHSP705'S2 N HSP705'S2
PCR : 94 C 3min 94
C1lmn5C I1mn 72C 1mn 30 ,
72°C
25 6@ B RF T HPIOEE 3%

Smin

ADNA ¥ 38
HSP70
DNA 3_FullRACE Core Set
(TaK aRa) 6 3-RACE ,

SHSP703'A1 GAHSP703'A1 NHSP703 A1
SAHSP703"A2 G d1SP703 A2 NHSP703 A2 (
1), . 3 RACE

3_FullRACE Core Set (T K aRa)

oligo dT- 3 sites adaptor
priner \ SHSP703’
Al GAHSP703'A1 N HSP703'A 1 3
sites adaptor primer PCR ,

: 94 C 3min 94 C 1min 50 C
Imin 72°C Imin 30 , 72°C 5
m it PCR SHSP703" A2
GHSP703" A2 NHSP703 A2 3 sites adaptor
priner PCR 5'RACE PCR
2 6 PCR ¥y &Rz

PCR Do JH. Q. &.
Q. PCR (U-gene) ,
MD 19T (TaKaR a),
E. oli DH5q, M13 , PCR
27 FFaArE R #E
HSP70 DNA ,
, NCBI GenBank
HSP70 . BLIAST
VectorNTI suite 6 0 M ega
4 , 1000

1 HSPT PCR

Table 1 PCR prier sequences for cbning of HSP70 gene fran F sh

Sequence of priner
5_GGCAAAGTGGA (A /G) ATCATCGCCAA (T /

Nane of priner

H 1F ,
700 C)GA (T/C)CA (A /G)-3

5_GTCATCACAGTCCCAGCCTACTT ( T/C) AA

HSP7002K (T/C)GA(T/C)-3

HPT003R S=GATGTCCITCTIGIGCITCCT (T/C) TT(A/G)
AA(T/C)TC-3

P 7004R 5_TTTG CTCAGCCTG CCCTT (A /G ) TC (A /G ) TT
(A /G/T/C)GT=-3

SH SP705'S1 5_GAACAACGCCATCATCAA-3

’

S# SP705"S2 5-TCGCA GCATCTCCA ATCAATC-3

GdSP705'S1 5-ATTCCTCTCAGCACCA ACCT-3
GAHSP705'S2 5-TGATGATACGCAGAA CA-3

0 SP705S1  5~GTCAGCACCATGGAGGAGAT-3
OrHSP705S2  5-ATGGCAA CCTGA TTCTTGG-3
SHSP703'A 1 5_CCA CCATCCCA ACCAAA CA-3

’

SHSP703'A2  5-TCACCTTTGA CATTGATGCG-3

GdISP703'A1  5~AGGTTTATGA GGGCGAGC - 3
GAHSP703'A2  5-GATAAGAGCACTGGCAAAGAG-3'
OMHSP703A1  5-ACCAAGCAGACCCAGACCT-3
O SP703 A2  5~TGAA CGTGTCTGCGGTG GA-3'

3 (R esults)

31 #@m FEa R Z ZIEE AT HSP70 DNA 42
FH T S o7

DNA
, HSP7001F HSP7003R
HSP7002F  HSP7004R PCR 2
PCR PCR
MD 19-T M 13
, 1467 bp
1110 bp 1467 bp  dNA
HSP70
DNA 12 , 5'RACE
3'RACE
6 PCR .
\ HSP70 DNA 2356 bp ,
5 (5UTR) 84 bp 3
(3UTR) 322 bp (ORF) 1950 bp
649 , 71 2 kDa
(pl)  5.13, pokA AATAAAA
(GerBank : EU 816594). HSP70 dDNA
2348 bp .5 (5-UTR) 91 bp 3
(3=UTR) 307 bp (ORF)
1950 bp 649 : 71. 2
kDa, (pl) 513 pohyA
AATAAAA (GenBeank : EU816595).
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HSP70 DNA 2242 bp .5 (5- 32 &4 Fé R EFTIEAE HSPIOA LR 77| M
/ ’ ~
UTR) 100 bp 3 (3-UTR) 225 bp Bl Mo A7
(ORF) 1917 bp 638 , Vector NT I suite 6 0 ,
70 2 kDa (pl) 5 08 polA HSP70
ATTAAA (GenBank : EU816596). ( 1.
scHSP70 1 MSKGPAVGI VFQHGKVE | | ANDQGNRT TPSYVAF TDTERL | GDAAKNQVTMNPTNTVFDAKRL | GRRFDDGVVQSDMKHH
gcHSP70 1 MSKGPAVGI VFOHGKVE | | ANDQGNRT TPSYVAF TDTERL | GDAAKNQVAMNPTNTVF DAKRL | GRRFODGVVQSDTKHH
ntHSP70 1 MSKGPAVGI VFQHGKVE | | ANDQGNRT TPSYVAFTDTEGL | GDAAKNQVAMNPTNTVFDAKRL | GRRFDDPVVQSDMKHN
ZHSP70 1 MSKGPAVGI VFQHGKVE | | ANDOGNRT TPSYVAFTDTERL | GDAAKNQVAMNPTNTVFDAKRL | GRRFDDGVVQSDMKHW
hHSP70 1 MSKGPAVGID VFOHGKVE [ | ANDQGNRT TPSYVAF TDTERL | GDAAKNQVAMNPTNTVFDAKRL | GRRFDDAVVQSDMKHH
acfHSP70 1 MSKGPAVGI VFQHGKVE | | ANDQGNRTTPSYVAFTDTERL | GDAAKNQVAMNPTNTVFDAKRL | GRRFEDAVVQSDMKHW

* dojokiok dokk

scHSP70 91 PFNVINDNTRPKVQVEYKGESKSFYPEE | SSMVLTKMKE | AEAYLGKTVSNAV | TVPAYFNDSQROATKDAGT I SGLNVLR | INEPTAAA
gcHSP70 91 PFNVINDNTRPKVQVEYKGETKSFYPEE | SSMVLTKMKE | AEAYLGKTVSNAV | TVPAYFNDSQRQATKDAGT I SGLNVLR | INEPTAAA
ntHSPT0 91 PFNVINDNSRPKVQVEYKGETKSFYPEE | SSMVLTKMKE | AEAYLGKTVNNAV | TVPAYFNDSQRQATKDAGT | SGLNVLRI INEPTAAA
zHSP70 91 PFNVINDNSRPKVQVEYKGESKSFYPEE | SSHVLTKMKE | AEAYLGKTVSNAV | TVPAYFNDSQRQATKDAGT I SGLNVLR | INEPTAAA
hHSPTO 91 PFMVVNDAGRPKVQVEYKGETKSFYPEEVSSHVLTKMKE | AEAYLGKTVTNAVVTVPAYFNDSQRQATKDAGT LAGLNVLR | INEPTAAA
acfHSP70 91 PFNVVSDSGRPKVQVEYKAETKSFYPEE | SSMVLTKMKE | AEAYLGKTVTNAVVTVPAYFNDSQROATKDAGT [ SGLNVLR1 INEPTAAA

TREE X * Fokok

scHSP70 181 IAYGLDKKVGAERNVL |FDLGGGTFDVSILTIEDGIFEVKSTAGDTHLGGEDFDNRMVNHF | TEFKRKHKKD | SONKRAVRRLRTACERA
gcHSP70 181 TAYGLDKKVGAERNVL IFDLGGGTFDVS (LT IEDGI FEVKSTAGDTHLGGEDFDNRMVNHF | TEFKRKHKKD | SONKRAVRRLRTACERA
ntHSP70 181 IAYGLDKKVGSERNVL IFDLGGGTFDVSILTIEDGI FEVKSTAGDTHLGGEDFDNRMVNHFVEEFKRKHKKD | SONKRALRRLRTACERA
zHSP70 181 1AYGLDKKVGAERNVL IFDLGGGTFOVS LT IEDGIFEVKSTAGDTHLGGEDFDNRMVNHF | TEFKRKHKKD | SONKRAVRRLRTACERA
hHSP70 181 [AYGLDKKVGAERNVL IFDLGGGTFDVSILTIEDGIFEVKSTAGDTHLGGEDFDNRMVNHF | AEFKRKHKKD | SENKRAVRRLRTACERA
acfHSP70 181 [AYGLDKKVGAERNVL [FDLGGGTFOVS]LTIEDGIFEVKSTAGDTHLGGEDFDNRMVNHFVAEFKRKHKKD | DNKRAVRRLRTACERA

ook

scHSP70 271 KRTLSSSTQASIEIDSLYEGIDFYTS | TRARFEELNADLFRGTLDPVEKSLRDAKMDKAQIHDIVLVGGSTRIPK|QKLLADYFNGKELN
gcHSP70 271 KRTLSSSTQASIEIDSLYEGIDFYTS | TRARFEELNADLFRGTLOPVEKSLRDAKMDKAQGIHDIVLVGGSTR | PK1QKLLODYFNGKELN
ntHSP70 271 KRTLSSSSQASIEIDSLFEGVDFYTS | TRARFEELCSDLFRGTLEPVEESLRDAKLDKGQIHDVVLVGGSTRIPK|QKLLADFFNGRELN
ZHSP70 271 KRTLSSSTQASIEIDSLYEGIDFYTS | TRARFEELNADLFRGTLDPVEKALRDAKMDKAQIHD | VLVGGSTR | PK|QKLLQDYFNGKELN
hHSP70 271 KRTLSSSTQASIE(DSLYEGIDFYTS | TRARFEELNADLFRGTLDPVEKALRDAKLDKSQIHDIVLVGGSTR|PK | OKLLODFFNGKELN
acfHSP70 271 KRTLSSSTQASIEIDSLYEGIDFYTSI TRARFEELNADLFRGTLDPVEKSLRDAKLDKSQIHD IVLVGGSTRIPK | QKLLADFFNGKELN

*k Wik opkok Kok jokokx opkdcipiciopioiookR Rk kork

scHSP70 361 KSINPDEAVAYGAAVQAAILSGDKSENVQDLLLLDVTPLSLGIETAGGVMTVL IKRNTT IPTKQTQTFTTYSDNQPGVL | QVYEGERAMT
gcHSP70 361 KSINPDEAVAYGAAVQAA ILSGDKSENVQDLLLLDVTPLSLGIETAGGVMTVLTKRNTT IPTKQTQTFTTYSDNQGPGVL | QVYEGERAMT
ntHSP70 361 KSINPDEAVAYGAAVQAA ILSGDTSGNVQDLLLLDVAPLSLGIETAGGYMTAL IKRNTT [PTKQTQTFTTYSDNQPGVL { QVYEGERAMT
zHSPT0 361 KSINPDEAVAYGAAVQAA |LSGDKSENVQODLLLLDVTPLSLGIETAGGVMTVL IKRNTT IPTKQTQTFTTYSDNQPGVLIQVYEGERAMT
hHSP70 361 KSINPDEAVAYGAAVQAAILSGDKSENVQDLLLLDVTPLSLGIETAGGVMTVL IKRNTT IPTKQTQTFTTYSDNQPGVL | QVYEGERAMT
acfHSP70 361 KSINPDEAVAYGAAVOAAILSGDKSENVQDLLLLDVTPLSLGIETAGGYMTVL IKRNTTIPTKQTQTFTTYSDNQPGVL IQVYEGERAMT

*

scHSP70 451 KDNNLLGKFELTGIPPAPRGVPQIEVTFDIDANG IMNVSAVDKSTGKENK | T1 TNDKGRLSKED | ERMVQEAEKYKAEDDVQRDKVSAKN
BCHSPTO 451 KDNNLLGKFELTGIPPAPRGVPQ{EVTFDIDANGIMNVSAVDKSTGKENK | T1 TNDKGRLSKED | ERMVOEAEKYKAEDDVARDKVSSKN
ntHSP70 451 KDNNLLGKFELTGIPPAPRGVPQIEVTFDVDANG|LNVSAVDKSTGKENK | T I TSDKGRLSKEE | EKMVQDAEKYKAEDDLQRDK | AAKN
ZHSP70 451 KDNNLLGKFELTGIPPAPRGVPQIEVTFDIDANG [MNVSAVDKSTGKENK | T1 TNDKGRLSKED | ERMVQEAEKYKAEDDVORDKVSAKN
hHSP70 451 KDNNLLGKFELTG!PPAPRGVPQ(EVTFDIDANG ILNVSAVDKSTGKENK I T| TNDKGRLSKED | ERMVOEAEKYKAEDEKQRDKVSSKN
acfHSP70 451 KDNNLLGKFELTGIPPAPRGVPQIEVTFDIDANGILNVSAVDKSTGKENK I T|TNDKGRLSKED | ERMVQEADKYKAEDEKQRDKVSSKN

Aok ok Aok ok okpkokk  fokiok *x

scHSP70 541 GLESYAFNMKSTVEDEKLKGK | SDEDKQK |LDKCNEV | SHLDKNQTAEKEEFEHQQKELEKVCNP | | TKLYQS
gcHSP70 541 GLESYAFNMKSTVEDEKLKGK | SDEDKQK |LDKCNEV | SWLDKNQTAEKEEFEHQOKELEKVCNP | | TKLYQ!
ntHSP70 541 SLESYAFNMKSSVQDDNLKGK | SEEDKKKVVEKCDEA| AWLENNQLADKEEYQHKQKELEKVCNP | SKLYQ
zHSPT0 541 GLESYAFNMKSTVEDEKLKGK | SDEDKQK |LDKCNEV | GNLDKNQTAEREEFEHQQKELEKVCNP | | TKLYQ!
hHSP70 541 SLESYAFNMKATVEDEKLQGK | NDEDKQK | LDKCNE | |NWLDKNQTAEKEEFEHQQKELEKVCNP | 1 TKLYGSA|
acfHSP70 541 SLESYAFNMKATVEDEKLKGK | SDEDKOK | LEKCNEV | AKLDKNQTAEKEEFEHQQKELEKVCNP | [TKLYQS

Fhkkkkklk K Kk kkk Rk X Fk ok ok Rk Rk ok Rk X kiopickkokkoRk kokk  dorkk

scHSP70 631 GAGAAP-GGGSSGPTIEEVD
gcHSP70 631 GAGAAP-GGGSSGPTIEEVD
ntHSP70 629 SOGPT|-——————] EEVD
ZHSPT0 631 GAGAAP-GGGSSGPTIEEVD
hHSP70 627 GGGAPPSGGASSGPTIEEVD
acfHSPT0 631 GAGGAPTGGASSGPTIEEVD

* Fokkok
1 HSP70 HSP70 (“=7 ;
“x o ” ; Dnak ; HSP70 ; ;
; GGXP )

Fig 1 Algnment of the deduced amino acid sequences of silver caip grass cap and N ik tihpia heat shock protein 70 (HSP70) w ith the
sequen ces of other vertebrates(Am ino acid sequenceswere obtained fran GenBank as o llws silver caip HSP70 ( st SP70); grass
carp HSP70 (gd1SP70); Nile tibpia HSP70 ( nHSP70); zebrafsh HSP70 ( HSP7Q GenBank AAH 63228); human HSP70
(HSP70, GenBank AAH 16179); A frican ckwed frog ( acHSP7Q0 GenBank NP_001080068). D ashes ndicate the an no acid
gaps that were necessary to alien these sequences The conserved residues i all sequences are indicated by asterisk (* ). The
Dnak-specific sequence motifs are boxed The cytosolic HSP70-specific motifs are underlned The degenerate repeats of
etrapeptide GGMP are darkened The signatire nonapeptides SGPTIEEVD are bollficed W ave lnes show the unique repeat
GGXPmotifs )
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HSP70
9%%.
HSP7Q

HSP7Q Y% 9%
HSP70
W 8 8%%.
DNA )

, HSP70

HSP70

33 #f F@m BEF P E HSPT0Z Gt wo AT
HSP70 ,

HSP70
HSP70 ( G enB ank)
(2. )

90

92

(Carassius auratus
HSP70 ,
(Rhabdosargus sarb)
thopagrus schlegelit) (P aralichthys olwaceus)
HSP70 ,
HSP70 , ;
HSP70 )
(Comrnix japonica ) (Xenopus laevis)
HSP70 , HSP7Q
HSP70 ( )

gibelio)

; (Acaan-

? B

HSP70
HSP70

HSP7Q
HSP7Q

@ silver carp HSP70
& grass carp HSP70

63

zebrafish HSP70
silver prussian carp HSP70

fathead minnow HSP70
flounder HSP70

99

stumpnose bream HSP70
73; black porgy HSP70
African claw ed frog HSP70
Japanese quail HSP70

100 human HSP70
88 j mouse HSP70
771 rat HSP7Q

@ Nile tilapia HSP70

0.02

2 HSP70

B =0 02 ;’

( M ega 4 , 1000

HSP70)

Fig 2 A neighbor pining tree for hesilver camp, grass camp N ile tibpia HSP70 w ith oth er species ( The treew as constructed by the neighbor

— pining bootstrap using the M ega 4 sofivare Numbers are bootstrap values or 1000 trink Bar = 0. 02 the bar ndicates the

evolutionary dstance bew een the groups Silver camp

4 (D iscussion)
RT-PCR RACE
70 (HSP70) DNA
HSP70 ADNA
2356 bp 2348 bp 2242 bp
649 649 638 . ,
HSP70 Dnak

(D nak-specific sequence maotif) DLGTT-SV ( 10

grass carp N ik tibpia HSP70 are highlighted by bhck dianond)

~ 18), HSP70
specific motif) EEVD ( 646 ~ 649),
( the degenerate repeats of tetrapeptde) GGMP( 615~

( cytosolic HSP70-

622). HSP70 3
N 44 kDa
(1~ 383), ATPase )
HSP70 ; 18
kDa (384~ 544),
; C 10 kDa
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(545~ 649) (1) ,HSP C
, ATPase , HSP70 R ATP .
) - (0D) ) )
HSP70 dDNA (Bemell+Zazzera et al, 1992). HSP70
. HSP70
ADNA GGXP . . Jayaraj
SGPTIEEVD ( 1). (2006) ,
HSP70 , HSP70 . Knder (2007)
HSP70(heat shock cognate 70), )
HSP70 HSP70 ( nducble heat HSP70 : .
shock poten 70) (Graser et al, 1998 Zafamlhh
etal, 1992 SaikAli etal, 2003 Luft etal, , HSP70 .
1996 Molna etal, 2000 Lin etal, 1999 HSP70 ,
Kothary et al, 1984 Leleetal, 1997). ’ ,
¢DNA , (N adeau et al, 2001). , HSP70
HSP7001F /HSP7003R HSP7002F / >
H SP7004R PCR 3 HSP70 HSP70 :
o HSP70 HSP70  dNA
HSP7Q H SP70 ’
HSP70 HSP70 ; HSP70
HSP7Q ,
HSP70 HSP70 HSP70
HSP70
. ’ ’ R, B B R BT RE TR B
’ Kt E FH BA K. Fmail tlangx@ jou edu e Tel
’ 020- 85221497,
’ , (References ):
, Basu N Todgham A E. Ackeman P A, eral 2002 Heatshock proten
\ genes and thei finctinal significance i fish [ J]. Gene 295
, ) 173— 183
BemelliZazzera A, Cain G, Schiafbnatil, etal 1992 Stesspmteis
and reperfiison stiess in he lver[J]. AnnNY Acad Sci 663
120— 124
(Wang etal, 2006 Liao et al, 2006 Liang  Bond U, SchlesingerM J 1987, Heat shock proteins and developm ent
etal, 2007), [Jl. AdvGenel 24(1): 1—19
HSP70 ) Guser R T, MaharDragojvic D Vincek V. 1998  Cloning and
characterization of a 70 kD heat shock cognate ( hsc70) [ J].
’ Genetica 98 273— 276
- HSP NADH Jayaraj R, Anand T, Lakdmana Rao P V. 2006, Activiy and gene
( )» ( expression pofile of certam antiox dant enzymes to microcystin-LR

, .2007),

nduced oxiative stress inm ice [ J|. Toxiobgy 220: 136— 146



2330

29

KinderA, SietsHemann A, B selliS, etal 2007 Expression of heat
shock protein 70 in a pemanent cell line ( EPC) exposed to
sedinent extracts fran the North Sea and the Baltic Sea [ J].
M arine Environm ental Reseach, 63: 506— 515

Kothary R K, Burgess E A, Candido E P M. 1984 The heat shock
protein phenanenon in ailtured celk of rambow trout hsp70mRNA
snthess and tumover[ J|. Biodiim BiophysA cta 783 137— 143

Krienitz I, BallotA, KoutK et al 2003 Contrbution of hot pring
cyanob acteria to the misterious deaths of lesser F bm ingos at Lake
Bogorn Kenya [ J]. FEMSM kwbblEcol 43 141— 148

s . 2007. HSP70 [J]
, 30(5): 656— 658

Kong CH, XuY M. 2007. HSP70 and the antioxidant ability of liver
[ J]. Joumal of Beijing Sport University 30(5): 656— 658 ( i
Chmese)

LekZ EngelS Krwne PH. 1997. H47 and Hsp70 gene expression
is differentially regulated i a stress and tissue specific manner n
zbrafih anbryos [ J]. DevGenel 21: 123—133

LiaoW Q, Liang X E Wang I, et al 2006. M olecular cloning and
dharacterimtion of alpha-class ghitathione S-transferase gene from
the liver of silver camp bishead cap, and other majr Chmese
fredw ater fishes [ J]. J Biochan M okcular Tox icology, 20( 3):
114—126

LiangX E LiG G HeS etal 2007. Transcriptional responses of
alpha and tho-chss glhitathione S-transferase genes n the liver of
three freshwater fishes mtraperioneally mjcted with microcystin-
LR relationship of induchle expresson and tolerance [ J]. ]
Biochen M olecularTox icology, 21(5): 289— 2%

Lm E H, BrennarS 1999 Short range linkage relatonships genan i
organzation and sequence canparisons of a clisier of five hsp70

genes n Fugu mubrpes[ J]. CellMolLife Sei 55 668—678

Luft ] G, Wilon M R Bly J E, etal 1996 Hentificaton and
characterzation of a heat shock protein 70 fam ily m enber in channel
catfsh (Ictaberus punciates) [ J]. Canp Biochen Physol 113
169— 174

MolnaA, Bimar E Muller £ etal 2000. Clning and expression
analys® of an induchle HSP70 gene fran tikpia fish [ J]. FEBS
Lett 474 5—10

Nadeau D, Comeau § Phnte] etal 2001. Evaluation brH ¢70 as a
biamaker of effect of polliants on the earbwom Lum bricus
terrestris [ J]. Cell Stress C haperones 6( 2): 153—163

SaidtA liK, Dorgai L, Ahmh m M, etal 2003 Tissue and stressor
gpecific differential expressbon of wo hsc70 genes n carp [ J].
Biochan B ophysRes 307 503— 509

Sivonen K, Niemeh S I Lepsto L, etal 190. Toxi cyanobacierinl
(blie-green algae) n finsh fresh and canstal waers [ J].
Hydwbobgn 190 267—275

s . 1989, [M].
, 30— 37

TangZ Y, Yu Y Q. 1989 Primmary Liver Cancer [M ]. Shanghai
Shanghai Science and Techno bgy Publishing House 30— 37 (
Chinese)

Wangl, Liang X FE LiaoW Q, et al 2006 Stuctural and functional
characterzation of m icrocystin detoxification—relted liver genes n a
phytop ink tivorou s fish, Nile tihpi (Oreochranis niloticus) [ J].
Comparative Biochan stry and Physblogy Pait C: Toxicobgy &
Phamacology, 144( 3): 216—227

ZafarullahM, Wisniewski ] Shworak N W, eral 1992 Molkculr
cbning and characterzation of a constiutively expressed heat shock
cognate hsc71 gene fram ranbow trout [ J]. Eur J Biochem, 204
893— 900



