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FE. AR EMIRIEME X 265 (Acanthopagrus schlegelii) A= FRHLAEMIFEM, DL 1 &5 BHE o
f, LL1S ConiRA, Wl 10 CH 5 CIENKIEMEA, &P 24 h FHEEN 15 CRIZKEF TR
SRS, WEAENRAE . ANERE AT 16 BRI T AR 1 L BV SE EE T (Hsp) & &R
MR RER, RiRpAEGd, EAHA (10 CM 5 C) AR REER 24 h N, BELD
EALEE (SOD). iEMERE (CAT). Bt H KT EMAYIEE (GSH-PX) G HFI#A 8 1 &Ry 23
e EFHE NS 10 CAMEAH Bk =FarE L BEE B R 12 h il BIE KME, @A ELE . iZ
FACEBEEPE 24 h W B BROKSE, A B H KOS SALBETE 18 h e R IEH K 725 Chbst
H, BEAYEACEEE FACEBREYELE 6 h I BE KM, A H S EEEAE 18 h IAF| & KE,
BAE 24 h DS RAE T EZS, BEAELEE. o S SRR B I SRS 5 5
WA SN 12he 12h Al 6 h RE RIS IR AT 10 CTHI 5 CRAN LB ZH (1) PR 78 28 11 & & S AE b
1818 hikBH K, 10 CAFHTLE 24 h REFIEH K, (HS5 CHABMAMRMREA ST EEIIMKE L
WERMEXNMAFEES . AL RERH, 2MEEEMEEEAY SN, JEAEE. St
S S AR AR T B B R, Y REUE R R ES, Y EREAEASS T
S PR AV T S e A, 3 I [ R S £ A B ML R Al L R AR Ak, R B AR X £ A )
P LA E A IR AR B L N AEHE R ok R ARMTVERE Y, BOHEEE Ma e ek, H
PR Be % G S0 AR B P A SRE RIGIR, RIRE BRI RE S, MM RKRAEMKT 5 C, K
IR, MR HFENE N, kSR IR R R e i
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Abstract: In order to investigate the effects of acute low temperature stress on physiological functions of
Black Porgy (Acanthopagrus schlegelii), one-year-old black porgies were used in the experiment. With 15 C
as the control group, 10 ‘C and 5 ‘C as the low temperature stress test groups, all test groups were moved to
15 C water for recovering after 24 h treatment. We measured the activities of antioxidant enzymes and heat
shock protein content in the liver of Black Porgy at different temperatures. The results show that under the low
temperature stress, the activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxide
(GSH-PX) and heat shock protein content gradually increased in the beginning and then decreased. The
antioxidant enzyme activity of the 10 C test group reached the maximum at 12 h, the SOD and CAT
activities returned to the normal level after 24 h, and GSH-PX returned to the normal level at 18 h (P > 0.05).
Inthe 5 C test group, the SOD and CAT activities reached the maximal value at 6 h, GSH-PX reached the
maximal value at 18h, but there were still significant differences between the test group and the control group
at 24 h (P < 0.01). The activities of SOD, CAT and GSH-PX were respectively back to the control group level
at 12 h, 12 h and 6 h of recovery (Fig. 1 - 3). The heat shock protein content of the two test groups reached the
maximum at 18 h, and the 10 “C test group returned to a normal level at 24 h (P > 0.05), but the heat shock
protein content of the 5 “C test group didn’t return to a normal level until the end of the recovery experiment
(P <0.05, Fig.4). The results of this experiment show that the activities of SOD, CAT, GSH-PX and content of
heat shock protein are largely affected by the acute low temperature stress, and the regular changes of the
above enzymes and protein show that they are involved in low temperature stress response and physiological
function adjustment to adapt to environmental changes, reducing the acute low temperature damage to the fish
body, which also enables the fish to survive during sudden environmental changes. Only within the range of
self-regulation, the Black Porgy can make a new physiological balance to adapt to the low temperature with
the extension of stress time. Therefore, during the Black Porgy breeding process, it should be noted that the
water temperature should not be lower than 5 “C; when the water temperature is too low, it should be moved
into the room as soon as possible to avoid the damage of sudden water temperature drop.

Key words: Black Porgy, Acanthopagrus schlegelii; Acute low temperature stress; Antioxidant enzymes; Heat

shock protein

=4 (Acanthopagrus schlegelii), /)&t

* 785 ¢

R R — B E R MNE, HESEER
S N ¥ A 3 A SN EZE) S
(Engelsma et al. 2003). [A]if, T HBEHEK

FER E U, SR TR ek 2 A il 3R B,
SR BV IR E 2 KAV (R4S
& 1987). fEFRFH R, HTENES. K
% 57 AR A N A ZRFE W 55 2 M L R 5 BUK L
BT MBS R M R T RS, T KR Y R B
CRVERIED iR IR RS AT, X

NS HANTHGIER, FEVLI5 X FRFA 75 ZE AT
PIRENIBRA, B 1 IRFEAAS, R R TR
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FAER, oA PR ST ARHIESE . K
K RV BRI, GRMIET, &
I AR AR B 7 ORGSR I 5
— H B &1 RGEA L UL B R85
— OB BV, Kk SR EH BT RS,
M B EBIEES G (TESE 2017). AN
WORIAN RS Y 2 T B R AU T 2R A
Z—, BEXTHAREMFHEBRILT

(Cheng et al. 2005, Fetzer et al. 2011). MAEHE
AL IR IR TR P8 R SRR bR B
A AT A& REALAR AT 5 R SR HIC
LR BT B —, W H A e R A
HARTCEE [ (heat shock protein, Hsp) ##1E
i ARG M 8 R I FR S . IR E WSS

(2015) &I, (RiRMEE A TH (Sganus
guttatus) Zh & HFPUEMERIEYE B, DR

(2017) %}#&4ifa (Nibea albiflora) FrMKIEL
ZHLHI T ORI, BUEAGEER] Hsp70 B2
BYEE LT XEE (2017) ESVERIEXT
V045 L it (Eleutheronema tetradactylum) %) 4t
AL R G2 T I T AR R A5 2R

IR T PR S AR IR A 3 AL ) R

PR D, R ARSI SRR A T,
i BF B A A 4 B 4K B8 superoxide
dismutase, SOD). i AL %l (catalase, CAT)
FIA Bt H kit SE ALY (glutathione peroxide,
GPH-PX) = Ffii S8 ALl A1 AR 50 2 38 1k
B, ISR AN HE T B A LR I 52
Wa), PR 7t SR X S AR R 3 SEATL ) AR
FREERAL D E R ARYE S HOE SR, R
) TR AE T it e 7 B il

1 MRS

1.1 LA

SEZB6 A7 SRR T 2019 45 3 AV IR A I EEK
FERFFURT B VUFRGER L, A 1 WS, R
(15.5+1.4) cm. fAE (105.31 +13.15) g,
L1t 300 2% BHRAK x %W x HN3.9 m x
2.6 m x 0.9 m KK, BIFRKEN

15°C, % = 6 mg/L, 24 hiES74A, 2 d
Bk —k, BokEN 12, FHEEHRE K.
SEEFFUERT 1 dfF IR BREMAE, BENL
P fek B SR 270 J2FEAT 525 .
1.2 SRk

TETRSRSG ORI, M 15 CHFEE 4 C
J&, TERER A HBIAET:, MR A 5 C I B
FEARHBBIET:, SR IER KRN 15 C, A
HiEE 15 C. 10 'C. 5 C 3 ANKIRELE, &
APV 3 A PATA. BASFATA N — AL
i, SRIGHIZEAN 300 L, HR4LCE B8 30 .
el B FH 2 B TE B TRt A VR, A KR
KRG HAYLE T SR E G, B
TR N TR A NS AR I8 KR R
X AT SRS, JFPE 1hy 6hy 12N,
18 hy 24 h B EUFE. fIRIEMNE 24 h J5, 473l
ANJKiE 15 CHIA IR SEER R 3 TIRE, FEAE
% 1h. 6h. 12h. 24 h. 48 h BWTEURE, A
SEATHSIRE 1 o 15 C X IR, BIRAESE
It AR R AR, AT N N EREXT
SEBGIE R T, X R 5 S 20 R R A TR £ 1)
PelEid R . SEIGHARE], KRR ZEYERE£ 0.5 C,
24 h SR IUFE AT S H MS-222 K JR R s
R JE A, B RE T 1.5 ml B0,
HEPIE AT, REET - 80 CIKFHIRIE.
1.3 FEAE

wHEE. BEAYELLEE (SOD). T4
L EBECCAT) A B H B 24k i ( GSH-PX)
T PR 5 S5 48 P R R A RRAE ) AR AT BT I
g, PR A A BRI f R AR
AR AR &, e AR R P RS IR
B 45

R BAGE ) SALE : FEA L
1K ZH SOD I ZIE 50%I Bt B il & A
—> SOD & JJ AL (UDs

AL RS A e S AR
FAEFP AR 1 umol ) H,0, HIE N —ANE
BAL (U

B E R A REE T B L



6 34 W H 955

SRR B BT S A VA IR oE B A S B R R

< 787 ¢

SRR AR, B EIRRAERG RS AR, Al
AR 22 )k J5 A 4 B H R Cglutathione, GSHD
WP A 1 pmol/L Jy— MBS J7 267 (1D
PAIRTEE B ERAN ng/Lo
1.4 BHESH
SLIG KRR SPSS22.0 H I BRLIRI 3 2%
781 (One-way-ANOVA) Fl1 Duncan 55, it
172 EHBA R EVE i, BE P<0.05 14
ZE 53 . Excel 2010 BAFHATIERE, 4553
LPIME + FRifEZERIR,

2 %R
2.1 EHFFEEEE TG

ol S 36 AP A S 5 3ok R b R R A A B
ARG 717840 WL 1, ol 3 R AR e R s
[0 SR A ) B A B S A B 5 . 15 CXT
HRZH (1B A A A B M LA RN TR e 3, L
BN A2 EEREZR (P>0.05). 5 C

=

25

SODRf{F 1
Superoxide dismutase activity (U/mg)
(]
=

—_
h

B(

—
=

wn

=

&

A 10 CAREFRAY R FTHE NI
10 CACFRLASE 12 h IAEF RME, 7E 24 h A
3t IRAHE], £ 12 h A1 18 h, 10 ChbHEZ
(RSB AL Y S AL B TS PG v T 5 CARFRAE, {5
EZRAEE (P>0.05). 5 CAFRALAE 6 hik
B A, (B E BIPE SRS, T 15 C
STHEZ, H5 15 CHI 10 CARFHA B %=
5 (P <0.05), fEWKSESEH, 10 CRIS C
Ab B 20 ) SE A Y AL B RS 0 5 W 3E 24 hiRE A
b, fEE 1 hEE LFH v RE, 5 C
AbFRAH A SRR R M s T 15 TR
10 ‘C4, HZ# FMEWE 12 h 5554
FE, 10 CITE 6 h CA SN BHALEEER
(P>0.05).

LA R N ) A TR 2 e ) i S A S I
A UL 2. 7R B SEIG AR Z SR, 15 °C
SRR 2L B E M2 R s B (P >
0.05), 1 10 ‘CHF1 5 “CALFRL L AL A IS

e

mi15C
i o10c
AC B @5 C

1 6 12 18
J3f1 Bsf (] Duress time (h)
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1 6 12 24
% 2 if 8] Recovery time (h)
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B REEX BRI BALEE (SOD) &I/

Fig. 1 The effects of low temperature stress on activities of superoxide dismutase (SOD) in liver of black porgy

FRPEFRORTEMFIN [0 (AN FIAL B 2 MAFFE R 25, TR A FoRe 5 15 CARBA LS5 R, 58 B 3R /2 5 10 CALBRA LA
G, FRCERRAE S CAMANKNGR, ZREFZNNG (P<0.05), ZRINEFEARE (P<0.01); BSRFRMA—LIA, A

[ I i) 5 b I i T R R B 2R

* ONEEMER (P<0.05), ** NEEEESR (P<0.01),

Different letters indicate significant differences at the same time of different temperature groups. The letter A indicates the comparison with the

15 C group, the letter B indicates the comparison with the 10 ‘C group, and the letter C indicates the comparison with the 5 ‘C group. The

lower case show significant difference (P < 0.05), and the upper case shows extremely significant difference (P < 0.01). The asterisk means the

comparison of enzyme activity between different time points and the previous time point in the same treatment group. The * shows significant

difference (P < 0.05), and the ** shows extremely significant difference (P < 0.01).
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Fig.2 The effects of low temperature stress on activities of catalase (CAT) in liver of black porgy

BRI TEAH [R5 FRAS [ A BRZH 2 ) A7 7 883 75 5

T A FRRE 15 CRAMMALLLERIEIR, T8 B &2 10 CRAMMLLER)

4R, FRCHERRRE S CREHAREBNER, ZREZENNE (P<0.05, ZRREENKE (P<0.01); BESFRRFE—LIH, &

I ) i H b T 5 T i P L R 5 2R

* ONEEMER (P<0.05), ** NREEER (P<0.01),

Different letters indicate significant differences at the same time of different temperature groups. The letter A indicates the comparison with the

15 °C group, the letter B indicates the comparison with the 10 ‘C group, and the letter C indicates the comparison with the 5 ‘C group. The

lower case shows significant difference (P < 0.05), and the upper case shows extremely significant difference (P < 0.01). The asterisk means the

comparison of enzyme activity between different time points and the previous time point in the same treatment group. The * shows significant

difference (P < 0.05), and the ** show sextremely significant difference (P < 0.01).

PR B 2L B E B 10 Chb
PRZHAENE 12 h ik B mfl, H5ME 6h i)
A EE RS VRS AAH ], 7ERMIE 24 h B,
A A S IR — 5G5S CANERA
[ A S BEEHEAE S 6 h IERERK, HAE
fBria 12 h e 18 h 5 10 °C AbFRZH fY Bl 1E
TE[F—7KF, (BTEMMESEIREE AT, AL E
BEiE R T 15 CAL 10 T4 (P <
0.05). fERELIF, 10 CAhHH BIRTERK
212 h FIYKE 48 h (KT R, (EATE [F]— 7K
s T 5 CCAEEALERE 1 h i E AR
P T 15 “CHI 10 T4 (P<0.05) HHM
FRAH, TERRRRIDE 12 h W0 IR ZH 7K (B g
IG5 R4

S ANE A, 15 C. 10 CHTS Cht
HIZH 2 IO TR e A A A B D 9 0 AR AR L I
3. fEME SE g, XA A e H Ik
AV E RS BB L E SR (P >

0.05), i 10 ‘CHI 5 ‘CAbFRL A4 b H kit 4
A5 A A A BB Bl A S S8 T S P A
8L, FA Y S LU AR B SRS, 10 TR S C
Ab PR ZH A PR H I A i P 5 ) R A
L, 7EMMNE 6 h PR R o, 5 10 C ik
HAEME 12 h A B H IR S S T C &
WA AEXT IR (P> 0.05), 15 CAbHE
HEBIHALER, 55 15 CH 10 CHARK
ZR (P < 0.05); MEKE ST, 10 CaHE
YR R I S A B 1t S e Bk, EL
XA ER: 5 CHAFEAMA B H k&
B EREIEAER S 1 h I IA S5, HLEEa
24 h Ve, B 6 h 2 E Bx HRAK T
22 BEFHAREEASERN
NGRS EERS R )i S Al N s e
R LK 4. TEMHE SIS IR S
MRAK AR EEATELREEESR (P >
0.05). 7EMHASLE T, 10 ‘CH 5 CAEFEL M)

AN
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P
ey
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6 12 18 2 1 6 12 2 &
JHrigi B 1E] Duress time (h) R AL IHE] Recovery time (h)

B3 RiRAE T R A B kd LB (GSH-PX) ¥ /1 HIRm
Fig. 3 The effects of low temperature stress on activities of glutathione peroxidase (GSH-PX) in liver of black porgy

FEERAEA I IR AR L A AE B 57, 0 A FORAL s 15 CARRMALILIRIA R, 75 B 3oLt 10 CAMALLERY
SR, TR CEMEE S CRMHARENER, ZREZNNG (P<0.05, ZRREENKE (P<0.0D); ESHERFE—LIH, A
[E if 1) 5 0 B — I S (R PR LA R, * WREMZESR (P<0.05), ** AWMEBEZER (P<0.01),

Different letters indicate significant differences at the same time of different temperature groups. The letter A indicates the comparison with the 15
‘C group, the letter B indicates the comparison with the 10 ‘C group, and the letter C indicates the comparison with the 5 ‘C group. The lower
case shows significant difference (P < 0.05), and the upper case shows extremely significant difference (P < 0.01). The asterisk means the

comparison of enzyme activity between different time points and the previous time point in the same treatment group. The * shows significant

difference (P < 0.05), and the ** shows extremely significant difference (P < 0.01).
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Fig. 4 The effects of low temperature stress on the content of heat shock protein in liver of black porgy

FRERORAEA R B AR A 2 AP R Z R, TR A RRZS 15 CRABMALKRMER, 7B RREZE 10 CLAEALER
i, FEC Rty 5 CABAKBMLER, ZREEANNE (P<0.05), ZRKEENKRE (P<0.01); BSFRRFALHA, T
RIS 1) s 5 B~ S 2 AR R S B AR R, ¢ NEFEMER (P<0.05), ** NREZEZER (P<0.01).

Different letters indicate significant differences at the same time of different temperature groups. The letter A indicates the comparison with the
15 C group, the letter B indicates the comparison with the 10 “C group, and the letter C indicates the comparison with the 5 C group. The
lower case shows significant difference (P < 0.05), and the upper case shows extremely significant difference (P < 0.01). The asterisk means the
content of heat shock protein between different time points and the previous time point in the same treatment group. The * shows significant

difference (P < 0.05), and the ** shows extremely significant difference (P <0.01).



790 + =24 Chinese Journal of Zoology 55 %

PR A S EIRW LA 18 h JFH@E T
B, #)24 hif, 10 CHHEADSE SHRAT
Z5 (P> 005, i 5 CHABEANEERT
15 °CH110 C4l (P<0.05), EKELLH,
10 CARBEAMBMARE DS EE G, £
12 h B 30 1E 5 KT Ja 9 30 A8 AR TG 2 3 14
Z5% (P>0.05), 5 COMAKMREEAY
2 NEZIE R 12 h JG1ER— KPR EHP >
0.05), {HER|WKESLIRE R, 15 & & TX
HH (P<0.05),
3 ik
3.1 KR EXT BRSBTS
FEIE T arig s, BRI N FrEs
AW b E EH HE, EASSHUEEEEH
#£ (reactive oxygen species, ROS) id%, il
E AR AL SR, PR AR N BTG R G
IR HE B, 2l AR E — DB K
F, A R AR ZUE RS (Pascual
al. 2003, Martinez-Alvarez et al. 2005) . {EFL4
RS, A B R A A 2
LA R G205 Br B 5 0 o0 B 2R )
(Parihar et al. 1997). X&) H HIEEHEEL
MBAL B E R TR O, # Hy0,, it 4
AR N oRIE— DA, K H0, 8K O,
M HO, MIMRAR N & 1) B HETERR . S
o H KIS A A B R N bR R G — 6
g5, HIReRMIT I S AERE, R
IR JE A BEH K-S H0, B, 4 Hy0, #54k
NTEFEM H,0 (Nordberg et al. 2001). AR
T, A H M S A e A I S A e DA
HAMRAAAAE — € Fa g K RILFEPUAILEE R
SR IEER (Wang et al. 2008) . AHFFTH,
R B AL I AR SR AN A D o 4
A RS PR e SEBS TR SR T, 5 PUTE
fl (X|ZFEF 2017). i (Cromileptes
altivelis @) x #7744 3 4 ( Epinephelus
lanceolatus &) &% FAR (XIFEEE 2018). 55
%4 M4 (Schizothorax prenanti) (3F#S 2019)

SR FLEE R — B Ul BIGHR i 2 ) e A4
PPAEKEHEE, ARG 52 R
3% B 2 IR S R R, BEE R H RS
B AEAR R AR, k> B SR 22
A, ] REAS AR IE S R R AR 2
T BEAT TG o (R A 1)L AL 3 R 8K
TR By A T S SRR R B, I T I [)
Ko 5 CH 10 CHME AL BRI A
AR EEN—TFE R b, H S CHmM
T AL A AT 3 S A SR b T P
L i TR 10 CA M 12 h
e 18 h WA SRS 77 5 CAHMK
F10 CH, HFERZS CHRHAHET 10 C
H, HHLT FREEHEE, 10 CHPR BT
ULH 5 CH%E: 10 CZH T H I I UH3E MAK I
PR A2 B 0 10 °C AL T ZH 7 e 45 R PR
PR T B W BN B KSF, Ui iz Ab B
YL B E S, AR AR A
FRUCPAT, TSN T HEEAR . 1T 5 CCAbEEZH
(T A B VTR e S8 Hh B AR AR T 2 31 0)
TR KT, (B 4 W] B B 2218 N M s,
YL 5 CZH BRE D IE NAZIRE, (2l e
M35 10 “CLHR, BRI 7 B 5 2 [ ]
3MNREAERE 1 h N, HEAYELL
Bt A S AN A IO IR S A P B 3
AAFENEE BT, N2 T e SR
N, HET 5 CHM 10 CHBEAEERIK
WEAFE, MR 15 CHIBATE K,
ZE TR B BB, 3 N AR T 75 2 1
RIS, B 3 2H SR P K E TS B 2 AR
5e, PUAALEE R R IR B EE K. 1R
WA SEEH, 5 CARBENMYEALEE. 1A
A BTG 135 i 5 T 10 C4L, it 7iX
—fEOL, X8R SEESE (2018) Xf b KET
(Acipenser schrenckii) [T 7545 AR L. E 2|
SEIGEE R, 3 A BEEARE AT, H 3 b
PUEAABGER K IEH KE, BEBE S CHI 10 “CY
(R TN A X SR 4H 23k R AN T 398 F 45425
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32 REMENPAREESSEREW
NI SR IR 6 - S At /K% S P
TR A RN, % b N Y 21 R
B A7P7E (Bond etal. 1987). FIHCRA SN
H HEI Z R NI, 353 AR A R
s, RS E EKEI BT AR A
ALK, T R AR P PRS0 AR i &
B, NN REBO AR = A AR, TR
Ry AT B (Yamamoto et al. 1998 ),
I, Pupos i A WE ORI EbR, Hsm T
IRZ NS AR G NA RN S EEdEREARNA GryapS &L D)
DIRERIRAS o FEAHTFTIIE T R R E SRR
a5 gRa R PR R E S E, HEE
VRS ESTEYnSER YR ) SELN N RS X A ) S
SREEHOR, PRoE A S R IR, R

AR 30 5 5 FR A 1) XK g B2 17 A2 (Kai et al,

2017). 5 ‘CHI10 CHIA e 2H 1 R 68 1o )
PR A EIERE 18h JIE BT, 5
% 4k (Oreochromis mossambicus) ( F 2 i
2009) . iX K5 (Huso dauricus) (G2 [E T 2015).
Bk (PR 2017) HMFFRSE R
R FRIR T E A S B R, AR B2
G AT 2 AR T B B R TR v AR 1 i
ZRENAR, RUHNFIAEARANT, BIREA
HER—ME &R B P ]
PIZEK, 10 CHHEHTERIE 24 h TR IES
KV, R\ EAREZBMCRRNEE, f£24h A
REFE S ADHT AR AT, 5 CHba 4 BARKRE
7 24 h WIRE IR K, (HEHEH N EE
#, UL EZ A BRI A W0 E N B (AR AL,
E T R O, DR R 5 22 () e (] 3
15 PR 9 AR S B0

fEBRINE S, TR R E KR AR AL
MEAEH, Wil H ) PR w3 & =R B
I B B R A A AT, RS RO
BRIEWE IETE K, 5%V AEafmrig R
—8 (E3EFE 2009). HFHURK IR ZES)
AT, BTl S Clra ZHAE Pk S50 1 #upk
SRS E N EERAECTER, RN RR

EES R T, SN E
O F N & R [ =Th Rt N T W 2
TEFRBRINE 6 h J5HR TR B & B8R A
SR TR, H 5 CHRad R
B, A SRS A B O A e
P 12 h #OEWKE B IEH K, 1 AR T
FSRHRAE BEEZER (P<0.05), A#E
SRR T 1 BR T 0T LA LA GBS,
AFAE A LRSS AR A (3%
JREE 2019, fHIZ AT FUALM S AR IR i Xt
PR IR AR T B 1 R EAT TR AL, T
IR A T, PSR PR 5 8 1 AT Y
77 b B — D5

Z F X W
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