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SR E B X = A 2R N i S LR 4 X HSPT0FN
HSP90E ElmRNA R IL 7K =200

WA, wAT, B W, RHE, EHH

(TPRFUGPEF BT, WL 9% 315211)

WE: A THRTAERAAME N EH A 4L 5454 L E T % RHSPTOFHSPIO & K
mRNAF kKT &, LMLk 73602 % & [ R &(17.25+0.05) g], 44 %
BT aH0GTB) 5.70(1K K F 4) 28.50(F K JZ 41)F157.00 (& i & 41) mg/L & & &k &
WA, #HATOOh A MBS 8. SR FF4a)E, 440 T0. 12, 24, 4875196 hAU# .
GREF, RAMBREE, K. FIRE L LK NS M S N4 B B (SOD)E 2
AABERKES, TEREANFEEMN, K. ¥ BRELAZREaFREdTR 8
(MDA)& EEME T F B EF &, 3hit, HikE4 %R & AT+ SODE M & £ &% 1K,
MMDAS E&RE; 24hfe, R EALKhaflEPAIAMAHRCATEL L Z 5 ;
v ¥ BREHALH BRI FHSPTOREF WmRNAR KX B E LR KE T HY, HE
HHSPIOX B 2k B4 A S, EMPHSPIOEEHEOhE T 2K (5; A4 M#E3h
M, K. F. BREHALKEFEFMETHSPIOE R XX ER Z M T B4, MAHEF
FEHAE K ; A ELHSPTOR B, & & A 0K 5 4 52 W fo JF I Fn 6% &0 HSP9O A I #h mRNA % i &
HE24hE K B R G AREW, FTRRENAEAME S & T & 5 A N8 EEE KT
REHWE, RESH _BWFRRZRERK; M ILHSPIORFE, ¥ 5 & HSPT0 F # & %
EEAAME KA FRE I, XA &R ENG R s HSPT04 b 4 & M & A 8 B &
BEEEEZNER.
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BE & S 4K SR B AR R, SR iR Re A IR A BT, Rk, BRI MR
KA S A R bR OB — R A Ak B 2 5% ) BFEORILE BT EE, LR P EN
B, fn R 2N T SEANH)ERHE SEABGZ A NTERKER .

TR, R R S Y NH 7 AR P R i 35 R 5 R P I JEHT AT R BT, PRI (IR .
. MY MR R TY, AL &8 KA LR ES) SRS ik IR &R
v ML Z20RE B 5T 2 B, NH 78 K i B AR I (HSPs)[4 &, HSPsii it B I 478 . FEf#
L, ol OEDIR B A K, RN JE-D- ARV SRR, AT R BRI N SO AL AR 1
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Yl D ROS K 77 1 HS Pt 2 43 5 ml 4 43
N ZFpJAL, WMHSP47. HSP60., HSP70A!
HSP90% . Hr, HSP70 7£ 1E % 41 AN %5k 5%
RIR AR, BFERDHOERAE T 2l B ™5 mi
HSPOOiH i i 1y — REZ IR W A&, Wl Ll
TENLI ST T B RE Ak 25 11 BT A R A e )
W £ W, HSPTOMHSPOO S IR MEE . 4t
e N s S W BN Ul | o A1 T 1 BN
HE IV A B 5 A 2 Bl A B e OGN, Cara
ORI, 43k (Sparus aurata) R 85 (Oncorhynchus
mykiss)PEYUR A &5, AR N HSP703E R (1)
mRNAZK A& B2 il XPAEHRiE, eS8 %
dE 4 (Oreochromis niloticus) % #% T I /K IR 5%
OO 12 hi5, HFHEH HSPT0FE K ) mRNAZR A
L, RERRH, MERE .
B . o0 E AT IL A HSPOOKE P i mRNA 2 ik B B
B AR S 2R LR, AH L
&, BT RGE J AW AT 22U HSPs
R R IB BB OL, MKHSPsHEP TR 2
ML P RYVE IS A i AT 2E

T il 1 (Pelteobagrus fulvidraco)H J& &5T2 H
(Siluriformes). #%%}(Bagridae), H:PAFfESE, &
A NG 0 2 Fab i 2 AR, IRZ )T RKIH 2
HE . J520184F (I EMOL SIS ) KA
PIBCREHE , #R1E20174F I, 4 [ B i - i ik
F48T7t, AFIEIEEIT10.5%, C ROy TR E &
WROKFRFAN R Z 1 il T H B A B p 2 At
Z 1, IR AR A A R L0 X G, AR SR
56388 7 3 A o A A 3 X B R A U TP B AR
A 3% P, DL RO E B8 HS P70
HSP9OKE K mRNAFK L it (520, O 125 h #¢
BEHLH A TR 2 B AR

1 MRS T

1.1 FEEREXEH

BRI [ WL, B FRT7 dE, PRiE360
B K/ AT (RS2 B £6[(17.25 £ 0.05) g], BEHLSM D
124300 LY R AR FAR T, B30 M, ik
BHATE AT . O HR), 5.70(% W),
28.50(2F BHE K BE ) F157.00 mg/L i % A (T-AN),
Joip 360 R 1A 96 h, T TAD 457 1k 4R M S T AL . A
e P 3 5 WO NH,CL(10 g/L) Bk % 43 B 7 hatt 17 4
H SRR R SR FH AN RN L™ FRA
b, FRFHK ORBRGE A KK, HHEIKE R M
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R 1/3, KIE24~26 °C, A4 (7.81 +0.13)
mg/L, pH 6.4~6.6, WA§IR1E<0.5 mg/L, fRFEA
SRR

SRR, B0, 12, 24, 48F196 h
BURE, SRERREALPR L3RR g0, MS-222)
e S i S5 AR BRURE I | SR RD G 4 2, R AR VR S
80 °CLRAfE, H T CHEN M mRNARK A & 7
M, IAFE—20 o CLR-AF, T G P A A

1.2 MEKEEMERERTELXSH

FRE AT ERE 0.1 g, 76 T4 Y 85 R 2% o i
(50 mmol/L, pH 7.4)f 513, A1 T4 °CHHE
2 000xg#&5.0>15 min, 438 B AW . ALY
B AL T (SOD)IE 14l 22 2 % Beauchamp 25 “ 47 i A
JE; o B W (CAT)IE P E 5 % Aebil®!
HWIBEHTT 1 N (MDA B @ At b %2
BRI AE , 5 % Buege W HRIE W T k. i A
DU 359 R FH B ot s A ) T R F 5 O 1) M K
FNEE AT, ERAE TR ™ A e B Ua B A5 34647

1.3 EFEmRNARIEES

SRNAM 4 B HIRNAiso Plusix 7
(TaKaRa, Ki#), F|HPrime Script™ PT reagent
Kit with gDNA Eraser(TaKaRa, Ki%E) 5 h,
cDNAM T S0} 98 5 5 PCRAMT . K H] Primer
Premier 5.05K 41519 (1), SEHT 2@ &
PCR(SYBR Premix Ex Taq II, TaKaRa, Ki%)§ 3%
FEJF 495 °CHIAMES min, 40MEFFHE95 °C 205,
57°C25s, 72°C25s. K2 % 0 M (R AH X

NI=NpX|

L.y

1.4 HIESH

S0 KA R OB 2 25 73 AT (Two-Way
ANOVA), 0545 b Hig] 7] 22 5% b 3% (P<0.05), W
HATTukey R Z W AL, A 70 AT K HISPSS 18.0.0
A (Chicago, USA)FE WindowsH/E R 4t 117 .

2 R

21 EF&EFFEFSOD. CATEMDART K

Jolp e s R e, X MR S5 £ A P A SOD
CAT{EME AMDAS Y R kKA B EEZ L
(P>0.05); FMpE Lk, L. hkEAHLm AT
JIE P 1 SODI M 52 S T iy J5 BRI 3, Je s (L
S EAE6FN3 hy o vk AL A A a0 9 & A R
SL [R5 (P<0.05) 5 i ¥ B 20 S 4 £ v Y
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Jir38 o ¥ 5 1 2H 28 B0 A AL B IS P M HSP70H1 HSPOOKE: P mRNA 2 326 7K - 1 5% i 709

*1 ALERBMSIIFTY

Tab.1 Sequence of primers used in this study

H )5 LR 514 (5-37) I (3-5) K/Mop
aim gene forward primer (5'-3") reverse primer (3'-5") size
HSP70 GGCTTGCCTTTGGGAGTC GATTGGTCGGCGATTTGA 253
HSP90 TCTCAAGTGCCCAGTTACAT CGTCCAGTGGTGCTTTAGGT 241
p-actin TTCGCTGGAGATGATGCT CGTGCTCAATGGGGTACT 136

CATYF 4 7F 24 hiJ 3k 3 5z /5 (P<0.05) , 1717 Ho A 52 56
21 A By 30 A R b G B M 25 R (P>0.05) 5 Ik
L R R A S50 A A T A MDA AR A
Jifpif s AR b ) A 2 T E(P<0.05). ZAMMEOR
B, A, . kAL S ASOD . CAT

TGP X MDA i fE 4 Ab B (0] O i E M2
(P>0.05); ZAMi024 hint, vk 5 40 Sz 56 1o jF
JIE (% SODE Pk b 3 w5 T HAh 20 (P<0.05); 2 A
Jipi8 3 i, rhk BE 2H SE g £ T IDE B MDA F i
B (P<0.05)(#2).

®2 TRIERREREC hat BEP & A P E B EM KR ELREENF T

Tab.2 Liver antioxidant enzyme activities and lipid peroxidation levels at different time in P. fulvidraco during

96-hours exposure to different concentration of environmental ammonia

iR E]/h  stress time

)
groups 0 3 6 12 24 48 96
) XL 29533+7.89  297.12+1544° 291.2589.18°  296.44+13.28" 298.12+10.05° 287.66+7.76"  285.32+21.01°
AL EE/(U/mg port) control
superoxide dismutase — qeygyirsl  298.55511.26' 312.68+15.98% 385.46£18.82% 311.22£15.46™ 308.65£13.33" 311.66+2125% 309.78+18.78
low
POREEAL  295.66+15.12'  356.78+10.66“ 333.45+9.87  331.98+4.98™  329.54x21.21™ 333.66+19.12° 321.98+22.63™
middle
KRB 29233+11.12°  198.76x9.89™  191.22£15.55" 199.24+12.16™ 196.31£13.56* 199.21+11.98* 195.98+15.16™
high
T A LB/ (U/mg prot) 4L 3.09+0.81 3.08+0.25 3.1240.33 2.99+0.76 3.05+0.94 2.98+0.24 2.96+0.35
catalase control
IR A 2.99+0.58 3.120.72 2.97+0.46 2.92+0.59 2.96+0.81 2.90+0.71 2.96+0.68
low
ik FE4 3.150.12 2.93+0.98 3.99+0.64 3.52+0.58 3.14+0.32 3.33+0.73 3.36+0.45
middle
R 2.98+0.53° 3.05+0.46" 3.120.38" 2.99+0.65° 3.24+0.25° 3.30+0.78° 3.28+0.98°
high
A —B¥/(nmol/mg prot) X IH4L 1.66+0.31° 1.68+0.24™ 1.65+0.11% 1.71+0.18" 1.68+0.51 1.82+0.31%  1.88+0.12"
malondialdehyde control
IR A 1.78+0.21° 1.99+0.38™ 2.0140.66™ 2.05+0.45% 2.09+0.11% 2.4120.32% 2.55+0.95™
low
ik 4L 1.550.01° 2.2240.15% 2.2140.33% 2.25+0.78 2.29+0.16% 2.3140.28% 2.27+0.47%
middle
EREA 1.65+0.59° 3.81£0.78™ 3.83+0.32™ 3.89+0.13™ 3.81+0.82™ 3.85+0.68% 3.81+0.45%
high

e BB RIS 7 BEROR A IR M 225 (P<0.05),  [FATAN /NG - BER R Bl I 1R 20 (2 25 (P<0.05), T
Notes: the different capital letters of the same column values have significant effect of ammonia levels (P<0.05), the different lowercase letters superscripts of the

same line values have significant effect of stress times (P<0.05), the same below

2.2 EEifa HSP70F1 HSPIOE ElmRNAR X ik

X B S A T E kA HSPT 0K [
A mRNAZE 15 & 76 £5 % B2 [|) G & 3% 1 25 5 (P>
0.05); Ik, . vk B 4 SE 88 0 A v HSP703
P mRNAZK L i 52 e FRARS TH s i@ 3, ik

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

{H 1 BAE6 hitt (P<0.05); K. Hr. mdk A
2 i th HSP705: A (i mRNATE O hitf 235 & &5
(P<0.05); fik. ™. /&5 ¥k ¥ 4152 56 fa 6 op
HSP70HE [ I mRNA K ik 15 5 K2 7 1 4 35
(P<0.05). Z A M a3 hif, k. . ek AE g s
5 0 JHF J0E G H HSP70%: R i mRNA R 345 i g 2
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T X5 R 2H , T 68 h HSP70%E P Y mRNA K 35 &
1 5 3 v ) B 2H (P<0.05)(E 1)

X B2 S G fa AR L B AN B R HSPOOSE [H] (1)
mRNAF ik 8 76 45 %F B8 40 (7] 6 8 3% Mt 2 7 (P>
0.05); ey Vi J3 2 5256 fa JHF A Fn 58 oh HSPOOJE (A 11y
mRNAZ Ik i 7£ 24 hif 35 3] i 5 (P<0.05); ik .
oL R B A S £ i P HSPOOKE TR I mRNA SR
I R E A AL B 2 (] O 3 1 25 5 (P>0.05) . A
JriE 24 hE, R A S 56 £ I A RN 6 HSP9O
FE N Y mRNAZR A 1t ik 2 5 T HA A (P>0.05)(1512)

3 TR

FRE A R, KRR R AR, W
T FE I A0 2 KA IE T, AR M BF 9T $2R
AL BT R S B R A P AT R E
ERA AN ¥ WA et G R INVRAEW N 0]
ROS, R MARBIEIKEE A B LE AR,
A A AL DB A L 3 AR Ak W B A e H R AR
YIS 5 M Z A IROS, HIS R UR AR a2
3 oy 360 4 25 B ) R0 20 5 R A RS . AR 5T R
B, PR, AT, vk B 4L S0 50 £
i SODYE M F 6 hN 2 8 T s, HEE
ERMEA AW SR, SODIE M T 6 hig 2 Wi % 3
T, e v e R A S An IFAE P, SODIE 1 e 4%
ATt R P AR A S B R O RS, X 5L
A PTG A ek R A UM a0 N B A E
SODIE P 7% Wi AR 19 25 R Jee— 30y, IR AT g5
A8 1 R A Y B (AMMDA) R 2 i 1 AL
WY 2 A ., APk kB, EukEd
SCOG AT E TP CAT I 36 4 T 24 hisf B3 T4,
SODIEPERAE3 hith & &4 B &A1k, XnlpEsS
AT 26 B B SR AL Tl A L 20 0 0 A 22 R A Ok
SODZE AT HEH (0 A B CATZ Y, ehh, Lige™)
P, YA B T 0 AR A A Z B 41 4 MDA
BERPEW, ARG b, 5256 @ 1T
MDA fE7E3 hidf i A B fe i, i — 2D 00 HIE T
LiZE 2 % B, 3 Pl B G A8 Ho Al £ 25 b oA 4
i . 6 (Mugil cephalus) =82 1£3.0 mg/L& AWK E
T15d, S2HfaiTIE h MDA & 2 0 B4 1 545500
RGO T, & P AR (GIFT O. niloticus) T HE
HMDA %5 1t B % ot s [ A 2B K I O
40 T JIE TP MDA 75 25 i 2 22 00 6 ) ) S
77 222 720 35 T v i 3457

HSPs{E i G A= ) R 188 32 204k 17 3803 3 1)

http://www.scxuebao.cn

COXE4L control EEYIKELZL  middle
1o  ESMUREH low SR high

B
&

1.0 {
0.8
0.6

HSP70 in liver

0.4 {

Aa

0.2 H Aa_Aa

6 12 24
JUAEL I [R) /b
time

FFER HSP70 HEH ¥ mRNA ik &
relative mRNA expression of

CXE4L  control EEIKEELAL  middle
EUREH low SImEIKEZ  high

HSP70 in brain

fsirh HSP70 A ¥ mRNA ik &
relative mRNA expression of

3L 7] /h
time
X B4 control EEHIREZ  middle

14 ERIKREH low SSIEIKEZ high

firh HSP70 £ [Aff) mRNA £k &
relative mRNA expression of
HSP70 in gill

6 12
S ELR N
time

1 FRISEKREREI I EF AR, BRFnER
# HSP70£ ElmRNA A 7K 5 §9 %2 19
ARG G BE 2 IR R — & %0 b 2R AL T 38 IR () 5200 2 3% (P<0.05),

AR KB 5 B 32 7] — I 8] 4 B 41 2 [6] 82 1 (5 3 (P<0.05)
Fig.1 mRNA expression levels of HSP70 in
the liver, brain and gills of P. fulvidraco during
96 h exposure to different concentration of
environmental ammonia

Different lower-case letters indicate that the same ammonia nitrogen
treatment group has a significant effect with stress time (P<0.05), and
different upper-case letters indicate that the effect is significant between

the treatment groups at the same time (P<0.05),the same below
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@
;é% 2.8 r CORHEA  control Bb By
o 2.6 =KLl low F
%:.9 %421 rEE PR middle
2% 50 [ S FHKELL  high
E=227s1
.z 1.8 ¢t
o K
o 0O oo 16 [
<2 1.4 +
oz o 1.2
2 & 1.0
R EZ 08
0 0.6
B>
T g 0.4
£3 0.% it i
EE 12 24 48 96
I SELRRENY
time

CIXJHEZH control
SKEA  low
B PR ELL middle
KN ik ELL high
Aa

HSP90 in brain

it HSP90 R fl] mRNA % ik
relative mRNA expression of

JHpIE B 7 /R
time
L8 r axfiE4l  control Bb Bb
1.6 | EGKEL  low Bb i L
14 RS middle %

| S EKEEZH high

b HSP9O A f¥) mRNA ik &
relative mRNA expression of
HSPI0 in gill

0 3 12 24 48 96
Jih36L i A /h
time

B2 FARIERKERE hxt & BB AT AL
i 0 68 =R HSP90EE El mRNA 3K 7k S 9 21
Fig.2 mRNA expression levels of HSP90 in
the liver, brain and gills of P. fulvidraco during
96 h exposure to different concentration of

environmental ammonia

— M HRR RS, EAMANEA DR
PG e, HEREE TN B, ALK E B
PR T 3L [R5 BUHS P, 41 i P HSP703E [H 3¢
IRIKF B, AT DAY Hoy O 0T 4 Jif A5 3 i 1Y
PO AT LI, L o AREEAL A B
i fa I HSP703E R Y mRNA K 35 7 ¥ 7E6 b
rf [ K 77 %% 45 3/ sponsored by China Society of Fisheries

P W BT, RIIHSPTOE KA 1H X2
UM B AT DL PR AR W S s A RN 2
Ve TR 30 R T 69 &)y £0 S Ps KL IR 3 3k 738 Ak 4 A
b AR A TR R . AR R, &
WL AR R 4 B A i e HSPT0%E R Y mRNA R
R T8 R A S Y G R AR, X A iR
Hh el i NH ZE 8 1 I A B, GF i 4 2 0 T
Wi, SR HSPTORE N s sk, X 5zl &
R T R AR Y 25 R — BN DU OE &
W, HIRE A R A, 0 2SR U HSPT0%:
D] f) 2 K H: B8 06 70 50 S ) s i) PR L L 9 B0
XEAMFFRPER -8 &, P RKsa
A0 68 HSP70JE A ) mRN A 34 78 3 hi i
WA B B (L, XMPALR R B IR IS, fg
i AR AR R B L ek 2D A 5% 7 A R [ P X 2
2N 15 F . MR HSPT0, HSP9OXE K X} T 3
355 a8 ) AR IS RORG, HUA Y  A R R A
A 25 - HSPOOKE A (1 55 ™Y, AHIF 98 it — 2
WESE T IXANBLG . ok B 4 v 30 £ i Ik 8 opo
HSP90KE A ) mRNAZ ik it T Wi & 424 hig A
MR E L. A, ARSI,
i 20 2L HSPOO03R ik 1 T 5 &2 5| Ab B3R 55 1 5%
M, DietzZEWHIESE, 47 iR EE 18 °CH & 2]
28 °CHY, HRpE i 20 24U HSPOO & e s, &
R E FTHRI32 °Cla, HSPOORLN A T i ik .
SR, FEARMEIER, mL o ARREA A
i HSPOOKE [H ) e ih t R 4 I A R A8k, X
A g5 Wpan 5 B R A OG

gi LTIk, AR Y 2 AU 38 4 6 B
4T E A B M A TR R B R B, RS
WM R R G ; MHLHSPIORER , i fifh
HSP703 H 1) 23k 1 AE /A W an & A 5 il -
PH T IR A B AR AL 4 R HSPTOFE N R 2
AWM AR ZEE B EZNEM.
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Effects of acute ammonia stress on antioxidant enzyme activity and
mRNA expression levels of HSP70 and HSP90 genes in tissues of
yellow catfish (Pelteobagrus fulvidraco)

SUN Liying, ZHANGMuzi, LIMing , YUAN Lixia, WANG Rixin
(School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: This study was carried out to test the effect of acute ammonia stress on antioxidant enzyme activity and
mRNA expression levels of HSP70 and HSP90 genes in tissues of Pelteobagrus fulvidraco, and 360 P. fulvidraco
[(17.25 £ 0.05) g] were randomly exposed to ammonia: 0 (control), 5.70, 28.50 and 57.00 mg/L total ammonia
concentrations for 96 h, respectively. Experimental fish were sampled at 0, 12, 24, 48 and 96 h. The results showed
that the superoxide dismutase (SOD) activity in liver of fish in low and medium concentration groups increased
from 0 to 6 h, and then gradually decreased, but high concentration group continued to decrease. Malondialdehyde
(MDA) content in liver of fish in low, medium and high concentration groups was significantly increased
throughout the 96-h period; at hour 3, SOD activity in liver of fish in high concentration group was the lowest,
while MDA content was the highest. Liver catalase activity increased significantly at hour 24. In low, medium and
high concentration groups, the mRNA expression of HSP70 in liver of fish decreased from 0 to 6 h, and then
gradually increased, and that in gill of fish continued to increase, but that in brain of fish continued to decreased.
The mRNA expression of HSP70 in liver and brain of fish was significantly lower than that of control group at
hour 3, but that in gills is opposite. Compared with HSP70, the mRNA expression of HSP90 in liver and gill of fish
in high concentration group reached the highest value at hour 24. The results showed that the antioxidant enzymes
activity was inhibited by different concentrations of ammonia, and the reason is related to the accumulation of
MDA. Compared with HSP90, the mRNA expression of HSP70 in P. fulvidraco was rapidly up-regulated after the
occurrence of ammonia stress, and this physiological regulation mechanism suggests that HSP70 plays a more
important role in the response to acute ammonia stress.
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