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Ag#" #HE% F % mKk HEES BER
TEmit KER NEE F o5 FEHER
(P AIRE LB R TR 402460)

WE AR G A E T ISR 4R 8 (Carassius auratus gibelio) ® V.45 #7 % AT fIE HSP70 mRNA %
R, RBCF R E A (72.8£10.1) g B4R, o FI A F R ET(RSC, AR 4. # e (32°C,
Oh, 2h, 6h, 10hMEKE&ERE 6 h (25C, KEA)WEAHET, MENAE MK IEWLD)., mwEH
Z ¥(Glu), A4 (Gly). 8 58 (HK). 7 BB 5 8 (PK) A AT IE HSP70 mRNA £k &%, #%
KW, THANBRESENANHTHEREM, = RBLF LEP>0.05); S5H f X H % 5 AT
AERPHE O, 2h, 6h, MEFGHTAEAP<0.01); ELRAMFEEAKFAERLZ O, KT
FE T A H(P<0.01), EAMEEZRFEZEP>0.05); CHREBEHERNEE 2h, BEFT
Xt B 41(P>0.05); 79 BR BR Bk BE E A E N5 6 h, B FE T A4 (P<0.01); # ¥ 2 h, AF
JIE # HSP70 mRNA % ik 35 2|5 & (P<0.01), WA E&E IR G, KHKELH NEHA L Z+(P>0.05), &
B Ky 3 — AR R SRR A AL RO R S R, B, OV R E A
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HIEHEEFR bRk . TR AREE(2007)BFE B, KR
AR AL 2 {F T 85 (Oncorhynchus mykiss)IZLZA0fE . 141
LRI IR 2548 bR 22 o B IE I B SF (20 16)FFE A I,
PO P 25 S I E fa (Schizothorax prenati) g it
AL ) T RN A A A Y AR . IR T (Heat
shock proteins, HSPs)j&— R 7EHEfb I & B AR <7 0 &
H, ) A ETAEDER S, FRE, NEES RS
R = R 7/ R N R VAT AR S i R P S
(K F 2, 2015; EEESE, 2016), MATLEE 70
(HSP70), 1EN HATWFTR )12 B R PR AT 1) — i HR
RIEHE 1 (Basu et al, 2002), AETER e il T ok &
B, FEXT O A AR A 52 4F H (Morimoto, 1993).

LA, 2 HSP70 TEAS MR IF T BYRIK G B
RN R,

%E@EP(Camssius auratus gibelio), 1 FR B F B 2T
iy, SR Es A, B8 T H (Cypriniformes) |
L (Cyprinidae)(H 5, 2013), J&—FhEE W4T
2, FTG TR, WK AR K, Hg gtk
R IE N BE ST AR T8 5 (Carassius auratus). HAY,
PRENAEFRE SRV T, T ORI . M AsFRE .
FEIH AN i DA o FEAR 7 S, A0 2N 6 PR 3
e I R A BE IR AR R 4 TR S5 Y BE T A R AR S e
ABIFFT A3 AT T R P 0L J5O0) AR 0 1t 24 e 2 b L i 2K L
R4 AL AR B HSP70 mRNA FIKHIFEN, F1EN
PRI ER B e T I VR TP A8 4 ML 3 B A1 2 25 5
W, Rt — DR ST S A ST SR A B e KRl

1 MRIERE
1.1 Sz 5i&it

S s W B E T oR B OB f g s, Bk
TRKE R L K/ N ST AR B 300 J , SF 3R TRy (72.8+
10.1) go JH 4% &K 10 min J5, BEVLT-35K
A 6 ANEIHTERE NBEEEEL(130 cmx55 cmx55 cm)
W, BRI 1A, KiER@Es£D)C, kR
A 152 TR 32%), AR 2 ¥(09:00 £
17:00),

12 KW REMRRE

ARGV E(25+1) CHYFIRXTRAL . (32+1)CHY
e VL A 7 S 2 R (25+1)"C A i TR AN UK R A
EHRAOLHA, BHAR 3 A ER, B1HE 50 B
fi, SLWIE], T 25 CHREPLER 4 R flE Nz [xt
W, 3 AN S0 TSR A Ak O FR0R 1 B s R
32°C), Ph3C/(&tfisim i, 3 makie &/t

fEdi s 3 C)MTHEEEMKEAE 32°C, FEiREA
32°CIAGREPRFFE 32CAZ) 0h, 2h, 6h, 10,
BRI RAE 4 BAOVE R AN R Bf a) s A AR, 3 4>
SIS BT P R A REAS D (i FH vk AR R IR & 25°C, 6 h
Jei, BT FEHLE 4 BAE K E A . REERT, K
L AHTE N 40 mg/L (14T B 7K V8 00 1% i R
fie, FRBKEUM, ETAA R EP &, 4C.,
3000 r/min Z.0> 10 min, #4002, WE LER, #
17 T-80°C . RIMGME, HZ 100 mg FFBRIE, %17
TWAERT

1.3 £ IEFRMNE RS %

80 CIRAERY LI , [ e ot 2 9 TR F
PTG, AR FLIRR W B . ORI ) AN
R T P2 T 0% 5 e W A A il - 1o A R T
IR A MR 5 U 0 I D
14 SERZEHER PCR (QRT-PCR)

141 RNARIREE 4% Trizol IEFEHUE RNA,
FHL AN 0BT E RNA W & OD {8, 18 B
PR WHEE IS HL VARSI RNA e 36 . S IR R skl &
Uil 45 (TaKaRa, Ki%)iEAT 5% o

142 3 4ikit s A% R B 5 0 £ LA e T IR
P, Y5 GenBank A A £t HSP70 (GenBank J¥ 5]
54 AB092839.2)Fi1 f-actin mRNA 441 (GenBank
P55 AB039726), ffi FHE {4+ Primer 5.0 #&if
qRT-PCR 5|4 : HSP70 F, 5'-TGATGGAGGGAAGCC-
GAAAG-3'; HSP70 R, 5'-GAAATAGGCAGGAACTG-
TGAT-3'; B-actin F, 5'-ATGCGGAAACTGGAAAGG-
3’; B-actin R, 5-TGAGGGCAGAGTGGTAGA-3', 5|
Wy e AR R R e A A B R A Ao

1.4.3 qRT-PCR R_& % SYBR Green (TaKaRa,
RiE)V Gk, 2 MU E & Ui U] 43 (Bio-Rad)i# 17 .
X PCR =Wy A vl fg th e 0t , RIS, PCR 7= 1%
By B R S P VA S | e L L1 RS
cDNA SWfsiH, #4710 fEER R R, 430 B4
SRR 2 pl E AR T T QRT-PCR I W AK ZR A
(25 pl): Premix Ex Tag (2x), 12.5 ul; [R5 |94
9 0.5 ul; JCHK 9.5 ul; cDNA BidR 2 ulo Fo i Fe T .
95 CHIAEM: 30s, 95°CA 55, 60CiRk 30s, 72°C
FEAH 30 s, d45 DMER, BAHME 3 AEE, D
f-action NS IEIN, K 2722k E M Rk,

1.5 #HEBEZITHWH
SEUG HR T 5 R 0 e 34 T ST B {6 o 22 (Mean+



5 6 3] JA A A

o B AR B A AL FEFR A HSP70 mRNA 2635 B4 52 0 67

SD)FE R, KH SPSS 21.0 B BRI Bl . R4
it 5 2= [l B A 06, 5 FH B PR 22 23 BT (One-way

ANOVA) X H 4l 47 43 1, P<0.05 22 7 W %,
P<0.01 Ry 2= 50 i 3
2 R

2.1 PR I 3R FLER B £ i

PRS0 h, Il 2 LR B T IRk B R
(1), REERE AR, LR & EERNEE 2 h,
6 h. 10 h ZHFEAL, 10 h i, ZLE & & 0L T3
NS 0 h (P<0.05), PREIGEE 6 h )5, MK 4K FL

PR 5 5 X0 A 22 57 A8 1 35 (P>0.05)
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Fig.1 The effects of heat stress on the content of lactic acid
AF/NG PRS2 5 3 (P<0.05),
ARG F R 22 50 8.3 (P<0.01), T A
Different lowercase letters mean significant difference

(P<0.05), different capital letters mean highly
significant difference(P<0.01), the same as below

2.2 HNERT MR E ER

5B, NS 0h, 2h, 6 h A1 10 h
IR A AT T (& 2), HAEO h, 2 h 6 h
e B 25 TN R (P<0.01), IRE ZEiER 6 h 5,
PRI LM A i 5 0 B2 22 AN 1k 35 (P>0.05),

2.3 PN BT R IR B R 0

PG 0 h, FFBEE S = 0 T R
(P<0.01); P52 h A1 10 h IR TR IS 0 h, 22
S W2 (P<0.01), B5 % HR4]JC B & 22 7 (P>0.05),

PRI ZIER 6 h J5, HPREECS KT X AL, (H2E R

AN E(P>0.05) (K 3).
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Fig.2 The effects of heat stress on the content of glucose
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Fig.3 The effects of heat stress on the content of glycogen

2.4 PREN CHERBETE R0

CUM BB TS 7 AN BUS 2 hoak B KA (E 4),
3 B T T (P<0.05); #UV IS 6 h, i E =T
Xt HEZH (P<0.05), K E )5 6 h, KB 4 O WSS 5
X BB 25 5 A8 I8 35 (P>0.05)
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.4 The effects of heat stress on hexokinase activity
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Fig.5 The effects of heat stress on pyruvate kinase activity

{H22 3R W E(P>0.05), e #iThe, e
6 h iR B i R fH, W 2 TR IRZH(P<0.01); KR 1
6 h I, PR A A DN A PR TG AT X R, Ho2E
S IR 35 (P<0.01).

2.6 PR BFAE S HSP70 mRNA RiZ 2/

EREAE SZ VR, I HSP70 mRNA £k
IR (E 6), PN i 2 h JE A A s, X g
M 1.96 18, 2257 035 (P<0.01), AN 6 h 513
W B 25 m T RHIRZH (P<0.01); KB & 6 h 5, IKE
41 HSP70 mRNA Fik W FXH4], H2EF AR
F(P>0.05),

4\ \% ,@{y z?:’ ,@S,) 0%% ,@S,) 2%% ,@{ ‘@6%
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Fig.6 The effect of heat stress on HSP70 mRNA
expression in C. auratus gibelio

3 iTig
3.1 PR 4R 6 M 3% A RIS AR A 8L 0

FLIR AL TC AR 7 P (AR 8N, 2012), A&
WFgErh, NS, AR MR LR & T, S
BHTRAL, Ul B AL $ON R e A T RS
3, SRIEHLAREAT B B AR, WL EE g,
X R 55 (2002) X413 (Gallus - gallus) BB 5% 45 F
TFEX IR JIAh, AR, AREIE Bl
BN, WS ETTRE, UR, FLRR VR B B B B R
JIE ST T AR, 100 B 2K il R LR A vk B 5 L 9
J& W35 29 B A ¢ (Fanouraki et al, 2011), X5
Vijayan (1992)F1 Vijayan %5(1997)%f i i &1 F 505
58 B AE (- Oreochromis spp)FIMT il it iff 57 25 S —
o R N R —FRERB I R, S5 5 B0 IR A A K
SRR, PR, AR B KT B Sy R A A 3
B8Rz —(Silbergeld, 1974; Sun et al, 1992), H7 ik
WFRSE, FLIRR ST m e, BEIERRAL; B Rl A
WA, I AT A0S B s 3 ;B S S R AR, A 4G
WEARSL T, VB LRI KO 5) 52 40 SR Y
S, BE A TR T, AR A g g AR e
S EOWE (0 R SRR, W R AT Ak B A Y R A
M% AT {5345 1L 240 8 28 0 11k B I 2 T v, DR

250 5 Hyndman 55 (2003) 1/ 57 45 S — 2 & $400
VS TRIRE A, 2 2 e R TR A, LA A R
WREEADRAEARSE, XOR TR R MR
(ACTH) BE XF #4107 38 A4 B ok 7 0 31 — 2 09 0 77 VB
(FJRZE5, 2006), QbESAAEFINGE , A4 i 5 w4
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WEIEE o RIS, PR D 2 8 B 7 AN 38U S A i T
1, e T RRANG, U T T IO R A ) L
RE o, ANIIE , SR A B B AR, i
HRI A T U DR U R PR G 2
I, RIS N ) R ORI, NS,
FLURET 3 5 4 A SRR D R B2 (4K 14 , Wendelaar Bonga
(1997)%F I 3t AR 5 th 5 R S5 HIAT -

O 30 Tt 0 T T T 9 A R T2 e S g ot R P 1)
SRR, TS P A AR Ak X B g K O B
M), A A 0 40 O B 85 6 W 1 2 1 T R R B A
¢, S ma MLAA 200 i P 7 2 B O i M (Allert et al,
1991), Pl i g8 g o] 3 3k R 15 4 i -h ATP . ADP I
W T i 1) v () 7= B, ok 9 T T AR R (A TR,
2012), HLUAPY FZALRE A2 M A s, I ELA A0 Y
TS OB TS ) B A O (Allert et al, 1991), A%
RS BoR, POVMUE 0~2 h, C MBS /157
RS R W N(P<0.05), BB HEILT—5,
Vi BHPA BU5 , HUAE 1o R A% S I8 B s it b )
TR MU TR L, PLARE A K SIS AE,
IS AEVE DR AN TS . BRI, BONIE 2 h, 4R
B P AR T T 3R B g s KO, BRI A4 R R
WS AR RG], DLAEREALAAR B s KT, 15 2 AR
1) 5 B, 150 O IR AR 2 W K O 2 3 o R T e RO S
X2 AFXT LA R SR AR RR R, Meton(2003)% 43k
B8 (Sparus aurata) W T HFIX —I8 1 .

T T T 95 T (P A B T A o A v B 08 A 3] O
YER (S5, 2008), ABF5T T, AR R GG 1 7E
N IS SRR T, Ul B B A R K 1] 3
FEECR M ST, MUARMLEAR R, WEREMIE A nGE .
N 6 h i, DY R A TG R R T IR, X
JE LR ARG Sk ng , B vE ARG, A fk
WAL AE R, SO 9 ER RIS TR, X558
JEAE(2008) X X HF A BIF 5T 45 SR — 3K, PR AR 2 1 TR B PR
PR B R T R R4 (P<0.01), 2 i TR EE i /E
FHAMHRIR K, HURSZ S, il G 1 IR e & —
AE KRR, BT LA R SR G ) TG s R A &
IEHAE
3.2 IEEFTAFRE S HSP70 mRNA RiZE /IS0

AWFgE, NS HSP70 mRNA Fikh i %
o, JEAE 2 h JEIR R e, NS 6 h fil 10 h, &
KBRS, R Rk SRR 2R, Ak
B IR A A K AR A A A A5 R — B,
Bl t0 76 N 5 1 h HSP70 mRNA Rk A 5,4 h
IF 3k B % i 5 B W PR AR, 48 h B R AMEGRE %,

2010); 34°CHFgL 24 h AN AL Sk i (Megalobrama
amblycephala) fFFEH HSP70 mRNA X Eik&m 250G
IR AR 3 (Ming er al, 2010); i G Il
(Mytilus edulis)TE 35CH#FL 1h, 16 CKE 3h )5, Hik
it HSP70 mRNA )& it ik Bl i KME, FlJ5 5~24 h
B W /D (Franzellitti et al, 2005); 4T 64 RTG-2 417
28°CHFZERN I 24 h )5, 2 Fh HSP70 mRNA f 5 i
PR EAH R AR, NS 3 h Rib ik
KA (E#08 4%, 2015); KIE = @ # # (Taisho
sanshoku)32°C W 5 2 h #1126 h, HSP70 mRNA HJAH
Xof 223k 5 AT AH L 2 BT, RE)E 6~22 h, A
XF 2 35 B 5 N AT TG B 3 25 5 (P>0.05) (1K 5% 5 AF,
2012), LA -Z5SULEH, 8 AN R Y A R
BILAA 240 it 17 Xof A 8 %) R g 2 — (Hh % 546, 2005),
W B BRI S AR N PR . S A
TEHARAS P PO AT, I 51 & — 224 1E
A=A D) R 4 TG 955 L 2k 2k o HSP70 ik PRl 13 AH G
WA, 40Mirh HSP70 mRNA & & Ther, #ik
AR AR VBT, HSP70 454548k
Pr . ZPECH R R =, fEE 2 BREE 0] R IR 5 7%
A5, AB LA DA R B B o IS P S (] 3
K, BAFRZEMWILE A, HSP70 BFERETE,
HSP70 mRNA 23K 3Z B0, R4 AL Py 3
DIREAZ 5. A 2 F 48 H, HSP70 HLAT & B O~
() 77 B FIAE 32 T30 5 BRI Rt 22 IR R, i L nT g
B — 2 W £ 28 A R S 0 2B 48 B (R0 B R 4%
2007).

ZE Lk, PN S R AR R FU 0 RS N,
MR P FURR & i RAHE O i . IPREE S . O
it 175 3 R T R VR e O ) ST R KR, SR
TR DL B AR AR XTI B, AN HSP70 SEH
I ZRIRZ NOR T, S RIRN HSP70 fliHLAR
P& — BRI 52 7, R B —E MR E R .
AMIEGE R T A AR BT BN 3 A R A L R — E 1Y
SR, RIS N JTBI it A B A 1 L

& % X #
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Effects of Heat Stress on Biochemical Indices and HSP70 mRNA
Expression in Gibel Carp (Carassius auratus gibelio)

ZHOU Chaowei””, HU Xuwen®, LEI Luo, LIU Xiaoqing, REN Shengjie, YANG Minmin,

CAO Gaoxiang, CHEN Guoliang, DENG Xingxing, LI Yan, LI Lukuan
(Department of Fisheries, College of Animal Sciences, Southwest University, Chongqing 402460)

Abstract

The aim of the present study was to assess the effects of heat stress and recovery on

biochemical indices and HSP70 mRNA expression in gibel carp (Carassius auratus gibelio). The fishes
were selected as experimental animals with an average weight of (72.8+10.1) g under laboratory

conditions. Samples used to determine lactic acid (LD) content, glucose (Glu) content, glycogen (Gly)
content, hexokinase (HK) activity, pyruvate kinase (PK) activity, and HSP70 mRNA expression were
obtained before heat stress (25°C, the control group), 0, 2, 6, and 10 h after stress (32°C), and heat stress
recovery (25°C, HSR), respectively. The results revealed no significant difference in LD content
compared with that in the control group (£>0.05). Glu content was significantly increased at 0, 2, and 6 h
(P<0.01). Gly was significantly increased at 0 h (P<0.01). HK activity was significantly increased at 2 h
(P<0.01). PK activity significantly increased at 6 h (P<0.01). Meanwhile, the highest HSP70 mRNA
expression was observed at 2 h under heat stress (P<0.01). Following HSR (25°C, 6 h), the HSP70 mRNA
expression level recovered to the pre-stress levels (P>0.05). The results provide basic data for research on

the mechanism of high temperature adaption in gibel carp, as well as a scientific basis for acute

temperature change in aquaculture and breeding.
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