XEHS: 1000-0615(2022)06-1074-11

A B K2 8 0 AL 1549 K 2B ARV T R R2 i

Mmoo, EEEY, LEEY, IR,
wE#H, & W, KIE
(1. Bl S A b, Big 201306
2. W EDK A RLERE S BE B KPR AT, AR R S b R R B SRR E, IR R A EAR S
BEBMESLEE, FRWHKOENFTESEDHEAESLEE, WREFR 266071;
3. HFSWHMEEEARAEFR LR E, EEYESEMERDGELRE, LR FE 266071;
4. \ETFRXRFKZHBRAF, WHRMEE 2640065
5. BT R R FRBEARITEAT, IR B 264329)

KPR, 2022, 46(6): 1074—1084

Science Press

;¢
2l % 2
JOURNAL OF FISHERIES OF CHINA
DOL: 10.11964/jfc.20201112492

T N K ZF QIR R ENA, ZTRALARRAS £ BAMRERAT
HEXREELSNIKT, 2AERHE 2%, RREWNEX. BEELNZE. qPCR AN &
HRALFRTAARK. EREx, MEREA S, CMALEMEK, WrH, BREEZHE M,
KM MR, AREENBEREAR TG AL IE, (B4 24°C-24h o 4 A H45 ¥ B
#; CK VB & # R # n k| 2% 7+ ; LDH. SOD & #, MDA & & 7 24 °C ik 2| {E,
FPAREFEZ BN SN H, CIIGTHELEFERTIER, EFNERS. PCR 2R, k%
#7020 e, Bax % F F0 Caspase-3 L F R fh#a % — 2, MAERNHW IR, KL EEINK,
Ml Bel-2 kB 7+ 5o & A AN AR R B, K288 LR 3T B 1K Bax. Caspase-3
FEEKL, RFFATHER B2 RK, WO MIEERKRBD RN HRG. LR
WmEE28°CH, MM FEEETEME, S mE, WEGTHARE ST H,
BRAZEFOPEEH T ERGEENERILT. HREN, MEBEAT, KEHNHMG
mE, HERBTEATONGHEEEARFEAREAT, RARELEFERS, BROALHG.
HAit24°Chu, MoK ERGEFTHEEWFESENE. KRARX N EERAZHF R A& %
o T AR BLH A R N AL R R E S A, Ry EEa AR EEERETRE
E LMK, Rt T/,

REEI: K80, ARH; S, R BT

hESHES:Q786; S917.4 SCHRFRAERD: A
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6 1Y) SRIEAN , 45 NN S LI s B 20 A 1 s 1075

F— DR ETY, — BUOEIRE O R
R, M BRI E AL KB
A F RS0 IE D) RE 2 BE 126 T BRAATE Y
WLRER, ONERTEEYER 531 HLH A B 58 AT i D
VR V700 1 5 M1 £ 23 96 A= B3 A ] J 0 76 e b
2P 2R E T 0 I R AR T Y A
PEEE HOBCR 2 i EE R BT, O LA R Y O
T e 0O A 497 1Y S D P, T e £ 2 A
L IO -= W A VA (@i e i R e 9 F P

RIS, AR (4 Hh A R ROS,
ROS (13t BE 7= Az SRR A AR N 2 A 501
— BYEAL RGN, ROS My B3 hn, S5
20 i RS A A ek Ak, X T RE B A, JF
I 2B SR P AR N AR R A AR
b, SRR ELFE BB TR A I 4T A %) R S
W5 R, RN T B2 X A0 287 AR L 212 i)
JE 52 M0 HCIE Y AR BRI AR D HRAE Ak
O JIE FP LA KO JUL R R e AT 1l A 5 A P AR R
AP, K, R A A bR bR, THEOR
O WLZR Y 7E RO T 40 0 e T B IR AR
KU, WHASSFECOCIEMRT, JREE AR
(I B N, i T 3500 UL 2 Jf ) e R A,
ST WAL 0F - T 1 S A A1 3 nT 38 5 e 42 4% i 2
Mo ST AR A 2,
TEPATAF SR Tl ek, IR 5L p53. Bax.
Bcl-2 Fl Caspase R G HE WM T- M+, X
AL 200 i 9] T A DG B PR Rk 110 3 A5 R A T AE RN
T HERR A DI REAR A

KEZZWE (Scophthalmus maximus) J& — Fh AL I
& W KPR ASE A 20 HEAD 90 AR AU
Sl Ik, — B2 EE WK SRR, 57
B AT 35977 2R 50 000~60 000 t, 24 (5 HH Ak 7=
FRAE R 2O = 1 809%™, Hofwali AR KR N
14~17 °C, /B KIRE R 21~22 °C, Bt
MEE Ny 28~30 °C, T ARG FE i, 23 °C
L F FR AR SR AR 52 Wi RS2 8 i 8 S A TE
MAREL T FFERET, M 2BRAEmE, *
MRAEE T, mAKRE W SR SRR, X2
SR ROS FIAE I R I 3k 3 e e B, AT
Sl W EPNOEZS & A

IEAER 2 EF T N A K2 4 e K AR BAL TR
TR A RO 2 AR A AR L AT R A T I
FEFTHL U WUA . FFREATE RS, fEO
JUE 75 T BB A D, A DR R ZE O JIE X v e 3
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() A= BRSO AR D R M2 LD o PR, PRI A
N7 PGS R ZE B JE 53 40 B o JIL 40 B 9 T %) 5 Wi AT
G b PR LT RN A AR B N AL,
T A IS T e R R B AL T 2 R AR, fE
TEEREHANE . AT PEAL T R O e 2R
AL (O LA RI), BAE . @0 WURE S
[ LR I8 B (creatine kinase, CK). B i &
(lactate dehydrogenase, LD 1 LDH)]; @i %A Ll
W ME [ E 1k W B 1L B (superoxide dismutase,
SOD)]. N[ (malondialdehyde, MDA) &it; @il
JULZH B8 T 3 NP T AH SCHE A (caspase-3. bax Fl
bel2) KFRIKKFAZEA

1 MESIHE

1.1 SEIe#fRt

SCUG I e BRI R L (R, RS
1M (78.0+5.6) g R ZEBEL 0, >k H 4 & RIEK
FERRAR, FEEIEKH (1 m 5%, 1 miE) P8
IR, e HRARIER, $hE 30, EEEE
[(14£0.5) °C], WENsLutfasE HG H1, PERffIE
WAL, BRI A H R LR TR, R
K41 oK,

1.2 It

Pk VIR B i (78.0+5.6) g CEII (bR ITE
22) B RZEHPAE IR 55 T (14 °C, #hJE 30) B3+
10 do RIFFLIELER, it 3 AN S 56
I PE . (14.0£0.5) °C (% IR). (24.0£0.5) °C FlI
(28.0£0.5) °C; 2/~ Hf [H] £ : 1271 24 ho #R4E
Ndong 45" g FHE T WA FEVE S . BIVAIE % 7K it
(14.0£0.5) °C 4% 55 12 /N HE 1 °C B3R T
EYHOKIR, BAEEHRE 3N,
REET R 15 R IEESEL . SRFRKES, RN
AR . LRI R, SCE AR ek
5, FASZEGUR LIS 12 F1 24 h WA I ] 43
SE 4 R fn 7R Ak BURETT 7 R MS-222 (100
mg/L) (Sigma, USA) ¥ i ¥R SRR, BRI ] 29
60 so SR FHICH ik M ARSRBUOIEAL 2, ¥
HHT/REER,

1.3 HmERE

AL BRE 12 hif, AR ELIBEPLE 16
AT RECIEHZ, Jfaat DR LR ik
ff: AT HERELBMFEN, RIFT 4925
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HlErh; T RS IARES, H] 2.5% RYI T RE
WEFR G WP 8T A2 5 00 O JUL I B S A 1 A
PR O HELH AU A TCRE AT, T RETE AR
Hrs T q-PCR S B A I A 75k R R 38 B R i PR
HARAE T o T SR vk L 217

1.4 SLIHE

HE#& B OIAZUREAE 4% 2R H
e e 2 24 h s, i 75% L EERT 4 °C KR
o WA BK, P2 E
HE @, AR, MA 37°C, 2h), YA
TIE RS R, Ot BB T WSS A 14 .

F A B F IR 0 JUE 2 U5 B AR
BUN 1 mm® Z24 0N, R RE A ERS 3 B, ik
AT 2.5% 8 T [ E WY 2 mL [RIE B0 N,
IR (4 °C) [l g, % ZH B K FEEH R E
YR HE, BT HEET HE TRR As F L

BaE b2 OIEE CK MR 4
43T, LDH. SOD i 1 fil MDA & %
AEACEEAR G TN A , R DU AR Y 4 e T A
Y TR 5T i 2580 &P R e o

B 3% KA & PCR AR B = A B Ak
FH A RNA 2 BORAFH & ( RARA LB AT BR 2 7]
PEUARAF O E AL 25 RNA, SR 5 3 I8 R mt v v
% H- )/~ ) HiScript I RT SuperMix for qPCR
(+gDNA wiper) Ut B4:/E G I cDNA, Ffid4f 2
Bax. Bcl-2 Fl Caspase-3 W) ¥ %), H Premier
5.0 BB S Y5Ot E 7 PCR, ZE Bax. Bel-2
M Caspase-3 WRILZEAL, FIGIWEITE 1, 4%
MR 5T 2 4 A= W) A BR A ] TransStart Top Green
qPCR SuperMix it B H#RAERC & 5O E IR R, %K
JtAE i PCR R WA 1L 7E{X A% Step One Plus Real-
Time PCR System Hi#17, KWAKRI T 2,

15 BB

SIS RS A Excel 2007 F1 SPSS 20. 0 4831
BAFIEATAA R, LSFERER RS, SRR
27 223 H1 (One-Way ANOVA) 4387, P<0.05
NEFRE, P00l HESWDE,

2 4R

21 ANHETOEAELBRMERT

FIH H.E G (85 1k A0 S50 O I 2 201
s, ERER, IEWEE 14°CTF, ONLIEF4E
AN, HEPVBCHIE R, ST . SUHETEMW, JohlE
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®1 AEEESIYFT

Tab.1 Sequence of fluorescence quantitative primer

GBS 1975 (5-3")
primer name primer sequence (5'-3")
Bax-F1 catcattgagcgggttcgg
Bax-R1 gettettgtggttggggte
Bcl-2-F1 attgtggaaaagtacatctgee
Bcl-2-R1 catcttcatctcggacatcatc

Caspase-3-F1 aagtgaaggtttacaatgaccagac

Caspase-3-R1 acagaacgcacacgaacgag
18S-F1P GTGGAGCGATTTGTCTGGTT
18S-R1% CTCAATCTCGTGTGGCTGAA

R2 WAEE PCR REFF
Tab.2 Reaction system for PCR

Hor FH&/uL

component dosage
PR BhEF2x  TransStart top green gPCR Super Mix 10.0
97514 F(10 pmol/L)  forward primer 0.4
UE514 R(10 pmol/L)  reverse primer 0.4
Hekl  passive reference dye(50%) 0.4
iR ¢ DNA 20
MK ddH0 6.8
SRR total volume 20.0

Wrad g, wnl WLAnie R (AR T, EIMI-2),
TE 24 °C N IR, 12 h B, RF 0 L4l i E
H, ODNIEFE M, A R eI, A%
Fyeta R E s, de@mig, ] ol LEr 4K AR
PEAEIAREAS, (CNLRIEEASYE, FFn] ULInAEd sk e
(IR 1-3); 24 h ik, AFUREEELC ILAN AR ALC ILER
YE 5% IR A AR AN B2 (KRR T -4). 1E 28 °C
ARIT, 120, gHMaZ s Rl L, (A 2s [E]
2B Y 5K, LA el 2 FHES 2= AL
/0 EREIRTE (E R T-5); 24 hif, OHLEF
YEWT S L REAR BG4 A0 R T B G 4 B A fin
(ERR 1 -6)

22 AN TOARBHEMETN

I FH 175 B Fl 455 T 9 SRR 0T 0 U £ 41
MR, SRER, E¥EE 14°CT,
] WLHES R ST IALT, W2z, ReEZehiik, DK
GEMISERE U R B LA R I RT DL R SR
A3 (BT, BRI ). 76 24 °C R, 12h
iF, B0 L A H B A IS A, U
Wi SIS (BIRRIT-3); 24 hiF, JOJIEZR

R E K224 F 7/ sponsored by China Society of Fisheries
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ERR 1
1.14°C-12h, 2.14°C-24h, 3.24°C-12h, ZHfIA% G hnig,

Plate |

- e
ol
—
o]

AN T RESOBHALRRF BHESHTL
B R (1) b R k)
RN, AR U I B, 40 B R e (R I R S (1) L PR €K ) 5

4.24°C-24h, 5.28°C-12h, F€0 /& Fi k451
6.28 °C-24h, [T/ i S48 R 28 M AN R

Light micrographs of heart tissue of S. maximus under thermal stress

1. 14 °C-12 h, 2. 14 °C-24 h, 3. 24 °C-12 h, nucleus (upward black arrow); 4. 24 °C-24 h; 5. 28 °C-12 h, the white thin arrow points to inflammatory

cells, the white thick arrow points to the sarcoplasmic distance, nucleus (upward black arrow); 6. 28 °C-24 h, the white arrow points to infiltration of

inflammatory cells

ARz A, ASTE G N, R SRR 4
FEAR B 2R A S ] (IR TT-4), 7 28 °C #AL 3#%
T, 12h B, OBk e 2 (EIL-5);
24 W), ZRLIRISIMI L, SRR FERRE,
P5E 7S WAL RS (IR T -6).

23 AMHTOBELRE LIEREL

PR S RS LB SR ARG BAL B
EENTE, CKIEMEAAR LIHEH, 2REE.
Il LDH {6 PR fb o et m E Bk, 2R
EX(ERE

HORL T 8 M 28 2R B R FE AT 49 T AL

SRR, AR, KEEHLOE SOD K5k
T JEAR, 16 24°C, 12 h kB EKE, KRG
ETRREEE, 250, SXRAKTEHEY,
RS B TS TR . MDA & & SRS
SOD Ak /K F—3, 7E 24 °C, 12 h i}, MDA &%
AR, ARG TR (K 2).

2.4 BN TOBES Baxy Bel-2 X Cas-3 £HF
HRIET L

R FHSEF 98 't 1
] 7K e 2

PCR J7ik & T #N BT

4>/} sponsored by China Society of Fisheries

KEEBLO A P T3 K Bax. Bcel-2 M Caspase-3
1) mRNA LK (& 3). BEHE RN TR, £
PAT-HE N Bax FA UL FET, 224 °C 1 B F
o BUMT BN Bel-2 RaRk7KV-Fl 5 iR BE T i
., E 24 °CRBIRRM, MEEMFFEE . Cas-
pase-3 He N (1) F 8GN 5 Bax Fe KA b
Fe—%

3 iR

3.1 RN AEE OIS ARIRNE

o 3202 O WL A T Tl RE O LA
Ly 57 2 A A S RO AN DT A 40 R 2 ot 1 A 7
OHETRE B FE BT O R AR R T
DL HR IE 3 T 19 90% (1) ATPRY, ThRE 2k 4 1)
ROk I E IR AL RS R BE R AL, SO S
VPR S ENUARSET-P, R R, FE 24 °C A
MR 12 h 9, o0 LA AR BE 25 B0 38 A 1) SiE 4
D JILEFZE BRIk . B EAARAE | et R [
45, FBHC LA R AE ROV R IR A e ) e, 4
TP LA F5 AR BRTG o, SRR B 2s i fk
T n H g5 4 32 B2 5 o T 7E 24 °C AT
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BT HAH T ARES OIS S B R B MERT L
1.14°C-12 h, [ B A G LI ROIT, mA AT LKIERANLE; 2.14°C24h, 1T AEF LG RNIEHE LR A&; 3.24°C-12h,
T 160 5 Sk 3G 1 S 2L A LS I, U 32 2 T R AN R L AR A3 1Ak s 4. 24 °C-24 h, A = AMIEARE WE R BRI SR 4R, (B i Sk 48 A 2k
PRI AR, RRAAT; 5.28°C-12h, AMGHFTLIGFRA KR SRALERE; 6.28°C-24h, AGFLIERBIN, BWiH, e RLL kA

Plate I Transmission electron micrographs of cardiomyocyte of S. maximus under thermal stress

1. 14 °C-12 h, the upward white arrow points to sarcomere, white arrow to the left points to myofilament; 2. 14 °C-24 h , the downward white arrow
points to normal mitochondria; 3. 24 °C-12 h, the downward white arrow points to the swelling mitochondrial membrane, partially dissolution of cristae
and vacuolation mitochondrial; 4. 24 °C-24 h, the white triangle marks the aggregation of glycogen particles, the white arrow points to the distortion of
mitochondrial membrane and ill-differentiated mitochondrial; 5. 28 °C-12 h, white arrow points to large area vacuolated mitochondria; 6. 28 °C-24 h,

white arrow points to damaged, collapsed and fully vacuolated mitochondria

4.50 a 900 a
400t a o 800F
5, 350t g, 700} b
g);g 3.00 | b gng 600 |
E3S 250 | EZ 500f
22 200t 22 400}
28 150 ¢ =g 300f
£° 100 | = 5 200f
050 | 100
0 - - - 0 - - -
14 24 28 14 24 28
i E/°C E/PC
temperature temperature
(a) (b)

El1 M 12 h FERZESOHE CK (a) 1 LDH (b) HZE 4L
FRFRHREEREE, P<0.05, FH
Fig.1 Changes of heart CK (a) and LDH (b) activities in S. maximus under thermal stress

Different lowercases indicate significant difference, P<0.05, the same below

24 hiF, O WLEF4ERGHLAN . 20 MR B0 TR 1 K ) MUA A B S E o pL s oT e ir A s, &—f
Jo e iR 5 % B A T RH ARk, HoOJG AT WLk AEFAAFRAS AR N . WiFE 28°C R, 12~24h,
RESHWEIR IS, HEDE REEBEE Iz 5 T T LR B SE MR — 2 m K, R ANMIR I B 5 I
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6 1Y) SRIGENE, S FRO RO RS GT O LA%5 K 40 AR 08 T A 5 1079
30 a 1.40 _e|}
’g . 25 b b ”«é‘ 1.20 T b
52 20| §_Lo0r D I
£8 £%5 080
S £E 060}
210t £°
g2 s 020t
0 : : 0 : :
14 24 28 14 24 28
i/ PC IR E/PC
temperature temperature
(@ (b)
B2 AN 12 h BERZEEHOBE SOD (a) F1 MDA (b) B9 (L
Fig.2 Changes of heart SOD (a) and MDA (b) activities in S. maximus under thermal stress
g g g
g} % i i
HNE 6} @ <& 14 i . NE Lo 8 a
Ks |, ®E 130 o ®E 12
=2 08 bo» E2 08 2208 ;
=5 <ZE 04 =5
<e 04 m =2 02 g 04
< 0 ' ' < 0 : : . Z< 0 : : !
EZ 14 24 28 g% 14 24 28 g% 14 24 28
B e B e & Rz C
temperature temperature temperature
(a) (b) (©)

3 AR 12 h B RE SO 4R T M X 2 F Bax (a), Bek2 (b) K Caspase-3 (¢) H)FRIEE
Fig. 3 mRNA expression changes of apoptosis related gene Bax (a), Bcl-2 (b) and

Caspase-3 (c) under thermal stress in S. maximus heart

INE, O AEHESI AL, W B H I, 2ok
Mﬂﬁﬂ WA, = e, R E

AR B P AR, oRi IR RE S g R
PRI BT A . X 5 R EBAE W5

%538 T 2 3L 5 (Megalobrama amblycephala)
O MEHRZER A — 20 1A, KEO ILTE M iR
TR IR, HEP BRI,

RNl A TR L B BRI S R L N ) RTINS
Br VT DLAERR AR, ™ E 0 e R PR B ) 2 A0 L

LORARZER IR, O LA B RE R AT AS &7 9K
REJI8S , SECOLNIZH, HUARS & E BRI EA,

AT e BB B B BHUASET

3.2 HBNENAZEEOBE CK. LDH. SOD #1
MDA HJ %0

AT T T R A A, dERRAE A A
B 1580 ISR ST, AN © A A& AT A
EFIBTEYERT, 145 SOD. CAT 4 bt H ik 4
1t ¥ B (glutathione peroxidase, GSH-Px) & P,
SOD J& H P&k . KHHTA LB, Vg Rk (ﬁf@k

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

S, HER AN P ARG IR ST A AL A R A
SRR ALK 0y TSR AR N R R . Ut
Tk BE 1 T | A B Bt AR A A S S0 R 1 4
et ngﬁ%%ﬁMDA IR 72 I LR
(AR v/ & S UEEEE7/E 79 7/ Rl i R 3 S Ly
AERNCIE, R LDH, CK 5.0 44
MG e B R A, 0O JIE BB 1A Qi v ki O gt
EHT, WHaRR A F R OCE S, X LRy K P2
FHT RS2 350 WL BRAR S A bR &5, Bl
BT, PROEONE], CK G SRS L
P, FRUIIN B S L T ORI, K
FEHPUE o X 5 AR S B (Hypophthal-
michthys molitrix) {0 JE CK 3G PE T #a A —3k, £
B 480 O YA i ) S B0 IR B R 1Y, LDH &
W I fofp R A O A v it HL Al 0 R A LR FE AL
PBARR , S JC AN W ST, RPN A
JE VPG R R i bR . AT LA Y, LDH
TG PEREE N O], 2 24 °C 2T AR, &
78U EAE FRONE R A AR AR B BR ], oA
ANSE , 7 28 °C W W] B AT BE 2 T BR 40 i I
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We Ak, A2 B I T IS E ST ATP
PR, T R R R S I T DR KRR
JEJH Y LDH, ZERpPLRFRE. X 52 Kkl
(Notothenia rossii) £ 8 °CH#AN I T LDH i & #40;
BRI AR S — 3T 5 G, MUK S
T SOD ¥ 1 LABEAIL ROS XML I 451455, {H 4
IR SR 28 °C T, BEFE AT EE K, SOD i
PEFEAR, MDA JK-V-CREAIR 20 BRZEK -, R BIHL
AT REC 2 B E 4G, Tork A Hi A Al DL ZE
FEULIARRR RS, =B/ MDA /b, SOD T
55 ST i I N O 0 A B F 8] (Diplodus vulga-
ris)*™ . T [C UK B (Pagothenia borchgrevinki)™ |
s 80 AR 7 il (Takifugu obscurus) ™. W1 il (Oncorh-
ynchus mykiss) ", 3 '@ % AL {4 (Oreochromis niloti-
cus) "B TR A R — 2, RUIPUR AR TS )
DAA R85 6 PR 05 | ke i) S8 A 4 o AR A5
Hr, U IE MDA 17K P22 A6 5 2 i 19 % TG il
10 A FE B B (V. coriiceps) MIWFFT 45 T AR B, #HEI
I R e B £ 2800 JUE B T R KO B T AR AL
TG PR R, AR5 3R W BE RN R
ROS it 2, HUAZ AT ST L . O L
ity ASIRAE O O R 9B, FE M E iR Y, AR
Bt 25 18 2 SR S B0

33 ARMHMESATIEEEE Bax, B2 K
Caspase-3 FIFRIET L

ML T — A U R, AR
TE TAS IR A 1 B WO, S BUR E AR L ADE
AR, R RN A AR S . S B
FR B L AR 0 SCHE A P O s T
S A AR5 ] e e R4 A o 4 2K R v 5 0 TR G
F14) J5 R 2 38 >R 52 i 240 i 9 72040 Bax S —
T, MTERRMINE, ATiERAMMEAE
R B A B b . Ui T Bel2 M ek i rh
AMILER ¢ BB, PIERANE 3 2 B AL
PR 2, HAESMER) GET-Z AT 09) F
A5 8 (ZORL AR IR ) P T i AR rh AT 08 T i
Je BRI, bax/bel-2 AR Y REAR 2 5 08 T sl 40
FET-AR DG B P g MR R B ABIESY g-PCR 45
WoR, BEEEETHE . Bax HE R KA G BN
WOIR, ZERACF-BEFFR, Bel-2 BNFGRA 14°C
JEITF IR T E, % 24 °C ik PR R G B THE
Caspase-3 FE P FRIX B HEN 5 Bax Tk B
P, X5 Ja F PR RE GG BEL
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IR 7 6 I A M AE S IR N E R p53. bax Fl Cas-
pase-3 B9 _L R SEA S, HEMI AT B8 A0 E 2 AR
AT G R B A, F T 0 LA B R 2R 41k
qif, ANEAEERR T, MR BGE ST
B0 LA M 25 2 DT 225 ok o A 52 Ty AN AT 386 1 o4
R AR —FraR A E R T B i AR
AT I Bax KA JH -3 Caspase-3 K1k,
FHE BT T3E H Bel-2 (3R, R E LR IEC LA
(1) 58 B PR 5 B DA e D IERR S, (H AT R B p53-
Bax-Bcl2 Fl Caspase I T- 181225 T @ik
JOiRE 5 LR AN T X R B IR 05 R T U
TOIRAE M PLTE , AEOWE 2 98 T L R SRR R AL,
BAONE R T R (R B A FEAE 8 T 27 1 1 1Y) 4R
R, SRR AR R BrE T IR R
() FF i AT RE 2 R T OIS AZ B0, A PRiEC UL
MRS REST:, AR TAEH

2 B N 2 Y VR B 725 N 2 TN T S A £
A, 250 K LN 35 R H O AN
[FF2 B A 2 B ol Ay, RORRZ5 R B REIR , &2
e 40 Ak 7 ) it A0 JULED BB (SOD. CK.. LDH) 1Y
WEPE, RGO AEH MDA 5 .l R
JHT-F N Bax, JHT-RUVFEH Caspase-3 Bk,
Fm B T3 Bel-2 AR LA M T
P, kB B BRI R SR BT O I A B BURR
& B R 0 IR AE TR0 38T 32 21 U1k R i s
A3 e P O T ) 0 A O T R %
FHEHE N R IR R AR A N R . SHLIARAL T3
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Effects of thermal stress on turbot (Scophthalmus maximus)
myocardial injury and apoptosis
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Abstract: Scophthalmus maximus is an economic fish adapted to cold water at low temperature and high temperat-
ure severely affects its growth and survival. Scolars have confirmed that heart function is an important factor in
setting the upper limit of heat range for fish. The present study aimed to investigate the damage of thermal stress
on turbot heart and its mechanism in terms of physiologic, biochemical response and apoptosis gene expression
levels. In this study, we investigated the characterization and mechanism response to thermal stress in the heart,
using H.E staining, electron microscopic observation, enzyme activity detection and qPCR. The results showed
that the aggravated degrees of swelling and breakage of myocardial fiber, dilatation of interstitial space, inflammat-
ory cell infiltration, mitochondrial structure destruction and other tissue damage with the elevated temperature, but
the tissue damage was significantly reduced at 24 °C-24 h. CK activity increased significantly with the escalation
of thermal stress; LDH, SOD activity and MDA content reached their peak at 24 °C. Expression levels of Bax and
Caspase-3 decreased significantly after thermal tress, while, the expression level of Bc/-2 gradually increased.
These results indicated that the myocardium could reduce the expression of Bax and Caspase-3 genes and promote
the expression of the anti-apoptotic gene Bcl-2 to reduce the loss of myocardial cells to reduce thermal stress dam-
age when it suffered a lesser degree of heat stress. This suggested that thermal stress causes the heart defense
enzymes to exert resistance to maintains body homeostasis. The organism defense system itself is damaged
because the heat stress exceeds its own physiological regulation threshold when the heat stress intensifies to 28 °C,
causing severely damages of heart structure and even leads to death in turbot. The results showed that thermal
stress causes myocardial damage of turbot, and the body maintains homeostasis via regulating the activity of
defense enzymes and apoptosis pathway related genes. This study provides a theoretical basis for subsequent
research of the physiological adaptation mechanism of turbot's and other fishes' heart against thermal stress. At the
same time, it provides more trait indicators for the high temperature tolerance traits to improve the breeding accur-
acy of marine fish.
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