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(L KRR ER BT H R s BilgiRERY  EilE 2013065
2. HEHFRASEAR G ER LR KA SRy BRI RE IR FHiE 2660715
3. PEDK R AT BE e K IR A AT R TR S A R SRR IR TS 266071)

mE H A Xt 48 (Marsupenaeus japonicus)i& B 4 K i & 23°C~32°C, wmTab77# X 42 if L&
K, mEXHEAMTRBEAL, ik, ZFEWRENTRAEETEE, F(14.24£1.12) g HE K
MUFFEET 10°C, 16°C, 22CTAMF 72 h, VL 28CAREKF WAt hxt 2, & F LR, iraEsm
AR B LE MRS . HEA N DB MAEESOD)EE ., TEAARHIKREELEL2HERTREF
BEERNEMAS, A _BEE. RAARRFEFMEATRE G5 3 (Caspase3)iEE—H 2 b
Fr# % ; SOD #1 Caspase-3 EF WA KA ENH EXA TR EABRERMFLATHAS, 54
B A R By B E R b A A0, TUNEL el & 30, B e it o] ey 28 K, ALk am i o= % B 3% 3w,
o, xtBE 4, 3h 10°C4An 72 h 10°C 4148 20 42 40 o B 1= 40 5 K 2.03%. 6.20%F1 26.27%, AT ik
MR AT AN 1.06%., 25.65%F0 42.33%, %4 _E ATk, (KGR M8 PR T B At i 6y LA 6
A, BT NIRRT, TR BOIVER B AN . ARHT R R W AROR BT R A e R R A
KA HAST o (KR e, BE i ; 4M A1 ; TUNEL #:

hESES S9174 TEIRFEEE A XEHRS  2095-9869(2022)02-0157-10

H AR X R (Marsupenaeus japonicus)&1ES: . 4K B, SCLLIFHT-(EREEE, 2006; KELIEE, 2014),
P, BIUKAG TS, iE THIE LK EE, &R A7 b DX A& 29 BE AL ARG, ™ R e H A X IR 5 5
] Vg 7K SR ) R 2 — (RSB R AR, 2006). W AR, K P8 755 51 X R (Penaeus
H AT IS B AR KRB 23°C~32°C, el i monodon) i Y& B 77 A, T BUAR P9 A AR AR =L
H 25°C~30°C, 7E 8C~10CHIMERIMGIHMFIEEE  (Jiang er al, 2019), ZHMIPH TR Z R AR . 3
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A PRVEANAE A AT, PR SZ B AR RN, JE
AMLDE TR IS BRI N Z 0 . AR AL, L
PRAFHLAR A BRI - 17 0248 45 1E A= PR 2 GE A%,
2020), Caspase (cysteinyl aspartate specific proteinase)
NFRRA GRS et M= IR 8 E R, 20T s 2
LA T Y F2 B IR SR, RS O LA M
JFI XA TR P, 2 B TR, s
RGP Caspase, TEAS R H 12 [ Be A 4% %2
YEF(Wang et al, 2020), H:H1LL Caspase-3 f N H %,
Caspase-3 JEAIIMT-WIITEZ —, ERNEEGEIRE
& A0 ML TR A AT B B B (Scatena et al,
2007), TUNEL (J5A7 R3] FFRICHE:) A —F0oEr AL )
0 B A i, G R TR I SRR A IR A i
e Mo BRI N R i SE A BAZ H TR FI DO R | L)
it 0 R il 8 A 0 R I A A b B T
ffL 24 DNA JE LR 3-OH Kl B a2k b, 17
J AL T AR S A AN, T IR A0 ML T JC kR DNA
(ZEHEZEAR, 2017) o A RARIEXS H A HR7 4 A S g 2
SR RIRTFE I AR WL ARIE , AP iE i TUNEL 60 0
o 52 BRI G X H A SRR T2, I g A
AP 30 X5 A X R AU 2R 98 B A T8 ) 2
MR TR BE ) R Tm B ) L e
P LA B B IR 23R KSR T AR o 3R o R 3R B 3 Y
A BRNA RN, AR TR BB i A B R S

1 MEE5AE
1.1 SKIewr#t

S T A H AR X IR BCE o KR R A 5T B
HEHE K PR ST B S e M 1L AR B B TR KR SR
PAA BRITAE AR, MAREE F(14.24+1.12) g UfRFREF,
XTHFF 200 L (9 PVC Al 9% 3 d, B, Frsk

FEER, AR VA R PR I e 30%AY K, LIARER
KRB, (545K (28+2)°C . $hEE N 30, pH=8.2,

1.2 FEBHE

121 %kt A 5 56 i ¥ 7K HL (GRTE-
HXB1ON, A% Fi FE 19 AR & A B2 F))XF H A X fir A=
FERPK B A TIRIR . % 10°C (R BEEIREE). 16°C.
22°C A1 28°C O 2 ) 4 N IRBERB L, SR FHI 5V /K HL
Al , 4 MEEAHFE 12 h iF i 28°C [F %
L E IR, B4 3 AT, BAFAT 20 BIF.
FRUARFEAT IR A 0 h BRSO BRAL), 76 [ 2 ik
H28°C. 22°C. 16°CHI10°CJ5, 43r3F 3. 24, 72h
R A3 R A SRR, 43 0 4% HA T 31 7 Y v
A7, e E4T TUNEL R0 o 760 4 8RN A AR A
WA PR, W LB AR R Rk

122 Hma 145 0 JH i AR n Y SO S i A
K, H50 mg HMIGEEZC A 1 mL TRIzol /Y
1.5 mL B0, T-80°CIRTE, JHT M RNA #2H;
TAREN, PRI 1 g ZH 2L (BRATHFERAE) , INA 9 mL (pH
7.2)H¥ 1) PBS i, AT AR bR AR 213 747
B (4°C, 2000 g, 20 min), WeEE EWEWR. 0% 1O A
THLGAAEHE I E , HRE T-80CrkAi# .
1.2.3 EpiEbkegnE BYLELRE1(T-AOC) ., #
F ALY AL (SOD) . Caspase-3 itk . i AR H
JIR(GSH)FIPY T (MDA ) 7 I i 241 4 18] & 15 1)
P (LSRR A YR A BR A R

1.2.4 SOD #= Caspase-3 3 B #5 &K 5 #7

1241 3| 4% 5 B A XFoF SOD Al
Caspase-3 F:H ¢cDNA #%)), i@t Primer Premier 5.0
Wi Real-time PCR ¥ #4554, 5196 B Al
cDNA JFFIIE Z4C LA T AW TR BRA R 58
B, AT L

x1 XHRFASY

Tab.1 Primers used in this study
HH Gene 1E51% Forword primer (5'~3") JZ 5% Reverse primer (5'~3")
SOD TCAATCCTCTCCCACACA CACAGACAGGCAGAGCAGT
Caspase-3 CTCTCACGACGCCTACAT TTCCCTGTTGTTCCTGTTT
S-actin TCCACGAGACCACATACAAC CACTTCCTGAACGATTGA

1.2.4.2 RNA 2B E cDNA 4%, i I8 TRIzol ¥
IS RNA, MR E &1 (Thermo Scientific)i
I RNA 5 FEERE, 1%AE A5 PR B B A58 M v ks
Hog#eb:  fdi ] M-MLV(AG)IR ) &tk A7 s i 8
cDNA F—%f, —20°CH-AFE&H .

1.2.43 %utZ % PCR ¥ 3% ¥ F Real-time PCR

(SYBR Green) X} & f 1%, #% # SYBR Green Pro Tag
HS 1 (AG)IXF & Ui 45, 78 ABI 7500 Fast 26 & &
PCR {474 14 o SOWAKRF A 10 pL: 5.0 pL SYBR
Green Pro Tag HS premix (2x), 3.0 pL RNA-free 7K,

02 pL Rox ZLYekt, b . TG4 04puL
(10 umol/L), F#i ¢cDNA 1.0 pL. FPREM D 3 N
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52, INGEAE G R s B O B TR AR LR TR AR A IS o RN R T
Praahek, 95°C 30s; 95°C 5, 60°C 34, 40 MF
T Hfrithsk, 95°C 15 s, 60°C 1 min, 95°C 155,
K 27243 M SOD I Caspase-3 FEIR (RN 635
1, f81J1] Origin Pro 2016 #/F2 IR E
1.25 TUNEL # BEIE TR 4% H S [ %8 v P
1) SERT R AR A3 A A T AT S A, SRS IR 4~5 pm
JERE AT ST A

B A R 2K, MATHEREAR K T
YEWRE A2, 37CHEE 25 min, PBS P 3 1K,
S min, YIFFSAT GBI TAERERAL, =
I E 20 min, PBS PE¥% 3 K, MK 5 min, R
TUNEL 5 & (% KA E)NIE R 1 (TdT) A
2 (dUTP)#% 1 : 9 IRAEHAL, VAP FREaEN,
37CHIBFAMFE 2 h, SR EKERRE. B
JE VIR PBS R 3 K, K S min, FATJEH N
DAPI 34, #OEEEFE 10 min, PBS ¥E¥ 31X,

w

N

BHLELRES
T-AOC activity/(U/mg prot)

iflE] Time/h

BIR 5 min, AT E HPZOEHKE A FIEH . YA
ToOE MG T I RERIER

1.2.6 #HFEHRIT JT A% S 50 B 34 FH - S4B+ R
% (MeantSD)# 7 . K1 SPSS 22.0 # it 4T s A £
77 25781 (one-way ANOVA)FIX[ # (Duncan's) £ 1 [
B, P<0.05 hERBE.

2 HRE5HW

21 RiEBMEXT B AT EREEF AR IR RN RE R

211 ARE A B ASIF T-AOC #9%7h W& 1 JT
N, IRIRAL(10°CHI 16°C) H A X} SR S8 AT R AR T-AOC
AR R SRS T = BRI R AR Ak a3, 7E 3 h Bk
B AR A (P<0.05), SRS EW T, 7E 24 h BFA 3 5
5 AL(P<0.05), FE 72 h BRHIE T X4 B 4H (P<0.05); 22°C
HERLH VR T-AOC 2 e Th i B AR A9 2R fb s
B A BIAE 3 h Al 72 h ik B SRAIK S (P<0.05)0

B

w S

HPTELRES
N

T-AOC activity/(U/mg prot)

—

B} /8] Time/h

B 1 HAKTIREE(A) TR (B) T-AOC B IR aa i a1 25 1k

Fig.1

Changes of T-AOC in the gill (A) and hepatopancreas (B) of M. japonicus under low temperature stress

ANTF TR R 28 5 .3 (P<0.05). Tl

Different superscript indicated significant difference (P<0.05). The same as below

2.1.2 fKBAME X B ASIF SOD #% e 2
JiR  ARIR(10°C AT 16°C)4H H A MR &8 AT iR SOD
TG PR S 5B RRANUS s PR AIR A A2 a3, 7E 3 h
Af 8 B e AR AL (P<0.05), RGBT, 7E 24 h Bk
P 55 5.(P<0.05), 7E 72 h BHE T B 20 (P<0.05);
22 C LR LUMAFIEAR SOD 7if P 52 e T i P I AIK )
A, BITE 3 h 72 h IR F R R
(P<0.05), 72 h PR 22°C4H SOD i 5 %F FE 2H AH
=2 N E

2.1.3 fKBAE X B AHIF GSH #% e 3
JiR  ARIR(10°C AT 16°C)4 H A R &8 AT B ik GSH

i R R SRS T PR R AR, 7E 3 h
Ab ik B AR 5. (P<0.05), #RJGZHWiTHE, 76 24 h itk
F B 18 H5.(P<0.05), 7E 72 h MK T X} B2 (P<0.05);
22 CHHEH LI FIATIEAR GSH i 5 e T B AR A A
feia#, 78 3 h F1 72 h B8 i s R IR (P<0.05).
2.1.4 KB WAt B AR MDA 4% 8% A n
Kl 4 FiR, 3 DSR4 MDA SRS I, 18
72 h A EFAME(P<0.05), RELL(10°CHI 16°C)H A
Xof W8 RN AR MDA 5 0 7 45 sk [i) 28 1k i 4 H
i, H B TR (P<0.05); 22 CLH&HLTE 0
13 h MDA & 55X M 22 F A B3
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Fig.2 Changes of SOD activity in the gill (A) and hepatopancreas (B) of M. japonicus under low temperature stress
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Fig.3 Changes of GSH activity in the gill (A) and hepatopancreas (B) of M. japonicus under low temperature stress
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Fig.4 Changes of MDA content in the gill (A) and hepatopancreas (B) of M. japonicus under low temperature stress

2.1.5 KB M8 H A IF Caspase-3 &6 %A
WME S FiR, MRIERAL(10°CHI 16°C) H AT R 68 A1
JFIENR Caspase-3 i MEAS L L FH#a%, 72 h ik 3|14
B, e R SR ESEI R, HEEm T RA
(P<0.05); 22 C # FIFIREAR Caspase-3 1 A8 L 2 T}

[ER2

TE 72 h IRFIE(E, SXTRAMLESARE .,

2.2 {KiEMMBEXF SOD #1 Caspase-3 F£ixEHI M

221

A

12 b 3t B A 3T ¥F SOD B B A8 £k F 89
10°CH 16 CARIRINE 2 H AR X iR 8 R0 F- ek
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it SOD FeHHIXT Fik 1 2 e PRS- TH R RRAR R AR
Tt (& 6), H7E 24 h AR, H 8355 TR
ZH(P<0.05); 22°CSCE 24 SOD FE AR F ik HAES A
i A] 5 45 6 BE A A B G B 3 25 5%

2.2.2 ARBAHE X B K XIF Caspase-3 A& B &K 24y
A WE 7 fras, 10°CH 16°CARIRMAZH H A
S AR G AT B R Caspase-3 R AR F A 5 7
P, 72 h GRBNE(E, 76 ]S T R A
(P<0.05); 22°CSLEG2 Caspase-3 F& PR AHX) ik A
A S A A E i R

B IR S B3

Caspase-3 activity/(U/mg prot)
S
(=1

i8] Time/h

2.3 TUNEL #g R

Y TR W M 2 PRI IR X H A R A S
B LO°CAR IR G 3 h F1 72 h Y H 24 o A i 0 e i
YE4T TUNEL K&, F5 % 9 28 C/KIRH AY H A X iR E
RINFHR L M R B, YRRl R R AT AT AN,
BE 10 C A6 Bsf B) A0 25 Jm, O T 200 b 50 S D 1
T 8A . B). Kl 8C. D 437l Ay il 19 B 248 it 4 1
g iasR, Hep, SXFIE4H . 3h 10°C4LR1 72h 10C
AL T3 9N 2.03% . 6.20%F1 26.27%, JIT
JHEAR A TR 0 5 1.06% . 25.65%F1 42.33%.,

B
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Changes of Caspase-3 activity in the gill (A) and hepatopancreas (B) of M. japonicus under low temperature stress
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Fig.6 Relative expression of SOD gene in gill (A) and hepatopancreas (B) of M. japonicus
under low temperature stress

3 itig

T 2 H A sh W WL AR A W N R, LR
FH 5T 2 BT A A AR Ak i 2 (Huang er al, 2017), 40,
Xof ¥4 o S B BV B 2 11 (Meng et al, 2019), Wi B7
FAF 1 R 32 2 K IR AR AL 19 2 0 (Hewitt et al, 2001).
WG 7 (ARG . ShEEAT pH 48)A8 1k 51 A iy A= B

N AT g 28 A AL IR JR & 5 S B (Assefa et al, 2005;
Richier ef al, 2006; Ryter et al, 2007), BEVFRES k6 41
TG SR E 3K iR B (Lushehak ef al, 2006), A

SMRPTE AL RGN TR o IR A S BOLYN X IR
(Litopenaeus vannamei) It B Ig B9t EALGE S T %
(=W, 2017), ¥& N3] LLID il 20 2 B8R (Cherax
quadricarinatus) W FRACH, 518 S AL T e sz
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Fig.7 Relative expression of Caspase-3 gene in gill (A) and hepatopancreas (B) of M. japonicus under low temperature stress
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BRI (Wu et al, 2019) AR B0 T B8 85+ 0 (Siganus
guttatus) 4] 4 T Wk PU 480 A0 B 06 M T BE COR 7& H 4%,
2015), i W (Crassadoma gigantea)EALIRMHE T

T-AOC B E FRE(EVEZ, 2018), &G EE RS
M ATP [F=A:, B PRERE AR I B 57 LA K 41 it B 1
feib s, M2 M LA PE AR, e X SRR T
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(Dandapat et al, 2003; Ott et al, 2007),
31 {KiEEMEX B AR AKX RGN

LA R Gt A R R SRR AR, b, i
PR R ALHG T AL A il . o A AUl . A
B ACEEAE, AL R BRAAR P O R TR R A, R
FHURA Z E A0 (Mathew et al, 2007; BRFEERSE,
2020), SOD {1 AT LA S AT LA 53 460 1) P S I RE
(FE5, 2008). GSH REHF AR Bt A Ak 1 id S i e,
/D RS AL RO HLR K MDA X 41 i A4 353473 (25 55
4, 2008), AHFFTH, MRIEMNG 3 h )5, HANTERE
FUFBRARE T-AOC. SOD i JJFl GSH & it TR, mlfig
JE AU BT S TR PR A R D85S o B TR R ) ) S
K, BAGPRIEATE 24 h kB, HAMKED G S
WU P I M AR A i R RS N, HE TS 2 H A%
ML RS, KR SOD, PIERIKNZ 40
T4, X5 Stebbing (1982)F2 1Y “TEM 450"
AL, BB fE#, HAXTEF T-AOC. SOD ififE. GSH
SRR, AT RBSE A A IR M TR T A P P
TR AZ B0 TN e S B, 3 5 R R A
(2020)IHIF 7T 45 AR o M 22 °C 21 B0 45 R 5K R4
FHR, 7€ 3 h ik BNE(E , BEJSZW TR, Heikxf iddl,
28°C Ky H AX MR il A R, 22°C BUARANE T H b
AR, (R4 H AR AT A K IR S LN,
MoK 28°CREZE 22°CHE,  H AR ] A i 42
SOD {7 14 2f¢ I X I i IO 3840 s o7 o) R AR () 5 5 {HL 24
KRR ZE 10°CHI 16°CHY, SRR A AR 12 2
FIH, AR L] SOD 1h M AR T 22°C4L, i
B B ] A RE S, B BE T e AN ] IR, 4530
TEPR T TR, X 5E B Q018 MW IT 4 AL .

MDA J&—Fp g Bt Ak =4, vl LU B
Jo ek AR A TR AR B, A B IR 2 S e 4 SR AR B
FREE (X RAESE, 2007), AR ZH H A U S8R A
H MDA 5t Fifi Jilp36 B[] (4 22 4 R MR, HL 0 25
TXF R X 5 NS AE(2010) A T 45 SR BEA — 3K,
MDA FZAE IR o3 i, Bl W30 B ] 1 2
JH IR H MDA & s AR s i (£ #74%, 2010), X%
FICIR MG T, MDA A3 nT e 2 AR X H A% X
BUAR = A i 1Y E 2R 22—, TUNEL Kl -t ik B
AR IR A0 B ST SRR R AR ™ AR B, S LA T

32 {RIEAMEXT B 234 4R 20 B E T B 50

Caspase ZIEIES ML I8 T A e 5 3R
EEMVEH, i Caspase-3 1E R PAITHF, E

TERT AR S S h R £S5, Kk, d4iMisg
HEI Caspase-3 FE P 1) 38 12 2 K DU 40 i 72 A5 & A
R EBE T (Zvereva et al, 2003), KW H, 1K
e s, SRR T Caspase-3 JE R B AH X R Gk
iy S0 S RN AR | NTTR Y s [ S A =R O N 22
JF H. Caspase-3 {if 1B B8 B 1R 09 284 0 35 T ey, i
PR K 7A5 B 30 385 20 L 0 T A9 A T R F—Caspase-3, i
M5 &AM T . 33X 5 5 55 (20 14) H 8 /R 3 58
AR S5 FLARERTEF Caspase-3 16 M i 25 T = RO 25 SR AR
AR 2 B S5 1 3, A PR T P AR Y P e A T
M, ANAS B IF I R S0 25 3 AR ) AT T R (West,
2000), [AIEF, 2524 iEdl 528 i S5 P el MR A
Y& OHLTRIRBRBEIR , T2 J A M 0 Ty e A o
S IR 30 5 7 4 AN 32 B R AR A 47, 175 R 4
MIJHT

AN J1 Ao R, an2 R BE £ 3]/ & 14 I
ToYME, SUERE A KENE T AR C 290ER . —
HRC AR BL ] 5240, 0 1 240 MO AS B8 1 A 5k 41 Af S B
R, MaBHT A RRRE, RATIRALL
FIFN T RE IO G2 BEH, 1999), Ao, ARIEM
B JE, H AT I A i e e 3 T 200 B A8 B AP TR
JPAR I o T P SO 52 1T A B2 38 A0, ] BB I il 3 3
NSRS DA RS v R SR 1N B i N A T R ¢
TN RE S G RR , RN AWTLR

4 g

IR (10°C AT 16°C)JHriE BEFZ M) H A X R4 4 1k
g . 20 R TG R IR PR Rk K, BRI
A=Y MDA SN, w295 SARET, Jf
FEHH — 2 B RO &R o AR e Ji Y AR5 AL
PRBT A AT NG 13, FF i DL bR 22 10 36 Pk
AHEME, ENRIE B ER, EREMa s E
PIEL, RG] TH A R, S EUR T Ak m
Jil, AR R TR MR RN, Fe 2 A LA AR 32
L, 7EsChrassgid i, 2R kg H AT IR0
IbF 16°C LA KRS .

Z % X #
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Effect of Low Temperature Stress on Antioxidant System and
Apoptosis of Marsupenaeus japonicus

YU Zhenxing"?, REN Xianyun®*, SHAO Huixin'?, LIU Ping**", LI Jian>*

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine
Science and Technology (Qingdao), Qingdao, Shandong 266071, China; 3. Key Laboratory of Sustainable Development of
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Abstract Marsupenaeus japonicus is an important cultured species of marine shrimp in China. Its
characteristics include a varied diet, fast growth, and tolerating periods out of water, as well as being
suitable for live shrimp marketing and long-distance transportation. The suitable growth temperature of
M. japonicus is 23°C~32°C. The culture cycle of M. japonicus is seriously affected by low winter
temperatures in northern China, which increases the costs of parent shrimp overwintering. Therefore, it is
necessary to breed new varieties with low temperature tolerances. M. japonicus was exposed to water at
10°C, 16°C, and 22°C for 72 h, with M. japonicus exposed to water at 28°C used as the control group.
The results showed that the total antioxidant capacity (T-AOC), superoxide dismutase (SOD) enzyme
activity, and GSH content in the gill and hepatopancreas decreased first, then increased and then
decreased, while the MDA content and caspase-3 enzyme activity increased over time. The relative
expression of the SOD and Caspase-3 genes decreased first, then increased, then decreased, and
continued to increase, which was similar to their corresponding changes in enzyme activity. In order to
prove that low temperature stress caused damage to the body of M. japonicus, a TUNEL test was
performed. It was found that the apoptosis rate increased significantly with the extension of the stress time.
The apoptotic rates of the gill control group, 3 h at 10°C, and 72 h at 10°C were 2.03%, 6.20%, and
26.27%, respectively. The apoptotic rates of the hepatopancreas cells were 1.06%, 25.65%, and 42.33%
for these exposure times, respectively. In conclusion, low temperature stress reduced the antioxidant
capacity of M. japonicus, destroyed the original balance of the internal environment, and then led to
oxidative damage. In this study, the changes in cell apoptosis and the antioxidant status of M. japonicus
under low temperature conditions provided data that support the need to cultivate new varieties with low
temperature tolerances.
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