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B mRNA 2G5 1 b T 5 BE 5 X R (Penaeus
monodon) TEARIE AT SOD .GSH-PX & PE5E -
Fh I TR 4 2 5 & (Scylla serrata) 7 AR B
R CAT™ Rt BERR I (ACP) ™ IEE5E BT E
TR, PR TEE 11 70(HSPT70) 3£ > mRNA %3k
i [Tt H AR X UF (Marsupenaeus japonicus ) 7EAK
TG T SOD 3L 2 mRNA £k i B b, i
o4 KRR UPUAA S AR R v e R fe
S¢S Y R AE 3 3 R R O EEE
587K AR A 3 I A I 3 ) 2 AL AH DG
AR AK , BEAE S 7K A AR W AT U A R A 7 B A
WAL AE M EZIRAK GG YR AR 8
X v [G 2 MR P A AL 5 R R R M e R 5Y
e ANV 2

AT LA T TG AR Sy S50 b4 R, 3 2k I
Xof B AR IR 20 e TG 5 28 MR 40 AR A 55 A e A O
b5, (L5 ST ALfE 1 (T-AOC) .SOD CAT,
GSH-PX . ACP ., fifi P i 2 Fif (AKP) 1 7 H1 MDA
P, DL 2 B A Ak 5 e e A DG BRI SOD
CAT W 52 % (Crustin) LA & HSP70 35 mRNA %
ikt ARSEE H B TE TS8R B 38 X 5 IG5
EUR AL S R RE T RE I, SR ik — 20 5T e
Bk 3 N A0 STEN P IRy il B o i AN
Ity v [ i 28 M U IR 1 o ) 8 R L B AR
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1.1 XWEHYIRESFHEEE

S B e DG D B R Ok [ VL5 1 T W
7l & (34°3754"N, 118°4760"E) . Pk
T 1A R SR S I T Y v GRS R AL 120 B2
Y Ry 5286 FAF , R K (62.07+4.26) mm, 1A i &
(9.70+2.13) g T % T %5 it 4 300 L (119 cmx
89 cmx32 cm) /KA . IRIREIFEE N
TEIR KI5 R G 55 14 dJ5 -7 I R0, S0 06
T 48 h 5 1k AT, BT SR 1), B (R e AE (23+
0.5)°C,pH 7.5+0.5, G R OG R 12 h: RS 12 he
e KR I B DR T A AR 2 UK, H 8 R Sy I A
Y 3%, AW 2 b Kt A I R A R
0, HK A 172,
1.2 ETEZITEHERRE

B FRgh S  7F 119 cm=89 cmx32 cm /K%
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FET- o HORE SR 1o A6 3 HURE 5 T BEAIL
PRI 12 U, SR AR UF 0 (M bk £ L SRR F R AR . i
I LR O B B R (B 7 1) BC 7 - NaCl
02 g, FF R 0.8 g, Fr G2 — 1 7.65 g, 7 % b
2.05 g, M 7&K 2 & %= 100 mL, pH ¥ £ 4.6,
121.3 °C, K F# 20 min) [ 5508, 76 AR S
FRESOHLE 4 °C L3 000 r/min 2.0 10 min, 5505
BV T —20 CCLRAT s B SR AR S5 14 I I i
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TR ARE A VR B AL 4 °CL 2 500 r/min £ .0
20 min, B ]I VPO G 10% A9 ZH 215,
SRR M A 0 2 F T oK AR BRI R
FH B 50 B W T RERF 5T BT 350 5 2 S A
I 4R B B JH T B 2H 23 5] J W T-AOC . SOD
CAT.GSH-PX . AKP . ACP i 1 }x MDA & 4t , fifi
AR [ Spectra Max iD3, 4443 A A (_Fi)
A B2 E) T AT, AR RS BRI A, 4141
B R R P s v
1.4 RREZENASNERREERNRIESHT
4.1 5¥&it

M NCBIEE 2 Hh AR B [ R A iR e 42 L il
N Ay Fe I 30 fd F Primer 6.0 21441531 e [G
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Fig. 1

Schematic diagram of sample collection under low temperature
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Tab.1 Antioxidant enzymes and immunity gene primer sequence used in laboratory

FE[A ElL 2] FEH 515
Gene Primer sequences (5'-3") GenBank accession number
SOD-F CGCCGATGTAAGACTGGGACG
TRINITY-DN63424-c1-gl
SOD-R CTCCAGGTAAACACGGCTTCCAT
CAT-F TCCTGTGAACTGTCCCTATCGTG
TRINITY-DN27834-c0-gl
CAT-R AACCCAGTCTTCTTACAATCAACG
Crustin-F CTCTGACTGCCAGGTGTTT
NW-020872843.1
Crustin-R TGCGAGCTGTGATGGTTAG
HSP 70-F GTTGACCAAGATGAAGGAGAC
DQ-301506.1
HSP 70-R CTGACGCTGAGAGTCGTTG
p-actin-F GTCAGGTCATCACCATCGGCA
HQ-414542.1
p-actin-R CGGTCTCGTGAACACCAGCA

1.4.2 S RNA $EHUHIE 5 RT-qPCR

{#i F RNAiso Plus(TaKaRa) izt % R 4 11 78
G55 U S0 0 JHF JB A A SRR AR A T 3 UL RNA
FHRS WA W I3 L A i ol P Rl s £ S sk e
M [ Spectra Max iD3, 243 4344w (i) A FRZ
A) e 4 B RNA % B2 . AR 4fE PrimeScript™
RT reagent Kit with gDNA Eraser (TaKaRa) iz 5|
A UL AT B RNA S #5365 il cDNAL i ]
qPCR X (qotwer3G, HE &2 ) #1779 Jt: % & PCR 43
Bro PCRIN GG, HEATH il I & 38 . LA
B-actin NS Al N AEEER ) CAERIH—
b HFRBEE R B CAE , SR 5l TR 15—k i B ik
17 LA Hh 22 S A A8, K 0 BREH (23 °CHH) By IH —
HAEE I E SN et o e o S S B i
i [R] & 58 8 DA FU ) HR A 38 sl BRI 2R, ok
FH 2748607 et 8 5 [Q R 2 0 B % 55 ) mRNA (1)
X RGN, B BCE 3 M EY) B

1.5 Sitah

S T A5 500 18 SPSS 27 B AE kAT 43 AT,
i FC RS MR S A -5 00 5 AH G i 16 ) Fn 5L R AR
Xf 2% 35 a1t ¥Rk A8 R & U7 22 43 1 (One-way
ANOVA) , J7 243 FT i Je 047 Oy 22 S5 R e, JF
fifi F Fisher 1517 2 & LK 360 22 7 I PR
/I8 Duncan [G4 2 1 LN SE B AR K 617 22
SEVEARTE oS24 EE 38 DLV B B o 2
(Mean+SD) 7R , ¥ H 0 /K- K P<0.05. >R
R 4.3.1 A B I bnit 22 bk

2 ZER

2.1 {RiBXT KEERRSLELESE SRR

R IR X i FG 5 25 A P B A S A Tl 0% 1 1
S QNP 2 TR . 7ESE SRR Y FE P, T-AOC B
FIRE R TR, BB LT 18 5 °Ct
SR FN f KA, AT IR ZH 23 °CHY 1.26 1% (P=0.013,
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Kl 2a) . SOD R 1 Fifi % I B2 A9 F B, 28006 |
THE T B3, 78 9 °C I 3k 2 5 KAH , by %} e
2H 23 °CI# 1.22 4% (P<0.001, K 2b) . CAT il I 1
BERLE Y T B 20T B [, 7E 1°C I Ik B e/ IME
X HEZH 23 °CY 0.65 4% (P<0.001 K] 2¢) . GSH-PX

FE 9 °CHY 5 B i KAE , S Xf R4 23 °CHY 1.12 4%
(P=0.007) , 7 1°CH 35 2| fie/IME, S xf B4 23 °C
f7.0.88 1% (P=0.009, [ 2d) . MDA 5 & Fifi i JEE %
A B T8, 76 1 °C R 3k 31 fe KA, R % HE 41
23 °CHY 1.324%(P<0.001, K] 2¢) .
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Boxplot boxes on top and bottom represent quantiles, and the lines within the boxes represent the median. Whiskers describe the minimum
and maximum values for each dataset. The different lowercase letters above the box whiskers indicate that there were significant differences
in the Duncan’s multiple test between these groups (P < 0. 05).
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Fig. 2 Effect of low temperature on antioxidant enzyme activity in hepatopancreas of P. clarkii
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Boxplot boxes on top and bottom represent quantiles, and the lines within the boxes represent the median. Whiskers describe the minimum

and maximum values for each dataset. The different lowercase letters above the box whiskers indicate that there were significant differences

in the Duncan’s multiple test between these groups (P < 0. 05).
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Fig.3 Effect of low temperature on antioxidant enzyme activity in haemolymph of P. clarkii

2.2 RIBX 5 KR E IR & 8 X B R0
IR X T FG 5 R J i v e 2 G 2 7
SN AN A 4 FTR o AE SC I IR B YA L A, ACP i
PERE R B B, S B TR N RS T
9 °CH 5 Bl i KAA , x4 HE A 23 °CHY 111 £ (P=

0.034), 1 °CH 3k 2| Fe/IME, A% 20 23 °CHY 0.89
£ (P=0.039, [l 4a) . AKP BT Bl B R, 5
PG FIHE TR S, 7E 9 °CHif ik Bl i K(E
X IR ZH 23 °CHY 1.8147% (P<0.001, K] 4b) .
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Fig. 4 Effect of low temperature on phosphatase enzyme activity in hepatopancreas of P. clarkii
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Fig. 5 Effect of low temperature on phosphatase enzyme activity in haemolymph of P. clarkii

2.3 REBENEREENRIEUEBEREHELE
E 834 R i1E 2K

i GRS Y SOD %5 [ mRNA ik 2 ffi %5
T A B ST B TS TR, B 9 oCHi I 2 4R
SR F R RAE, T BRZH 23 °CHY 2.03 4% (P=0.031),
JHF IR AR Hh 5 CCH i 25 2 e 3k B e KAE, 6 HR 4
23 °C ) 4.04 15 (P<0.001, [#] 6a) . il CAT 5 [H]
mRNA %3k 2 B ARG 1 3 IR 9 °Cif
KB RAH, T BRZH 23 °CHY 7.54 4% (P<0.001),
Ja TR FEAR T CAT 3 mRNA FiK#7E S5 °C
it i 2 1 HL A B 5 KA, S X IR ZH 23 °CiY 5.37
i (P<0.001), b5 FF% (Kl 6b) . S8 Crustin &
mRNA 735 2 B IR A9 R ARG B2 1T 1
9 °CH} ik 3 fe KAE , A% HRZH 23 °CHY 7.02 £i5 (P<
0.001), FfiJ5 I F& , AHAE 1 °CHY SR E 14, Sy % IR
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ZH 23 °CHY 4.68 15 (P=0.005) , BB IR Y Crustin 3
A mRNA 2% ik 5 Fifi i B 9 B AIG 00 B 25 o, 78
5 °CH I8 B 5 KAE, X HREH 23 °CHY 12.49 % (P<
0.001), Ji FF#E (& 6¢) . HSP70 3K mRNA F£ik
FEESE G i 2 22 5 (P=0.259) , 75 AT JHE AR Bt L
FERRAR S FTHE TR, 5 °CR ik 3] 5 R AR, %) B
2H 23 °CHY 1.58 4% (P=0.002, &l 6d) .

3 ihe

TEIETW I, Wresh Y — B i %
AP AR R G , 73 R BT AL 2R G AR B2 i
ARG, X R —Fh AP B, KA
P AT HLAR B AR 052 . T-AOC & IFA 4
P AL i 2R 48 AR Bl R G e 1 RRR /D B
PR FEABITE T, v R B AR ARR A T
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BTG PETE 9 °CJm N B, ML 3% v BT S AL i 0% 1R 7
5 °CJri T B, X T REJE: KA 7 [ SR 2 R AS [ 41 21
X ARt P 360 )T 2 A1 AN [ AR X P ki Ffp e
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LA T DL e LR I A B A o, AR
WF5E Y, o EC i B R R AR 28 T, J
FUIL K 1 () MDA & St 7E AN BT 3S fin. JIE 4557
I8 & B, 18 R AR A W a8 R B T B (Seylla
paramamosain) I B JJit MDA & 5t AN Wr FH i o X
VLR ET E 255 S H 52 sh MR N ROS IR &R
PLIASZ B A A 45405, (8 MDA & & EF. TR
ESMRLEARIR T & A A B SR N, IR IS 4 R
PR BTG P 358 i, AT TG B B 3 BR A P 9 ROSS,
e AT R AR AN 10 2% H ROS FEAR IS 3 h 48 18 B
LB 25 TR 1 R AT TR B AU T e FC R B R
IR T 32 Y B, ROS R A i £ 3 ML A& P4 41 it
JEE ZH A AE R A AN AT A5

ACP Fll AKP J2 ¥ fifg 4 v 3 2 1) 7K fg il
3R A0 it T LA [ 4E F R BSR4 R, X pae
FEAE ) A ATV AR B BT EAE T, A e sl
WG KON R FE AR R S MRV AT
DL PEAS R B G B R AR ARSI v, o PR
LR P ACP Fil AKP 6 1 40 Bifi 25 18 9 T F%
EHE LT AR BER B S K
(Scophthalmus maximus ) % i Wy 36 BF 5% A & 3,
M 21 °CRRES] 15 °CIAIH] , 1fiLiF o ACP Fll AKP I
P Bl IR 1 B AR S T S e BRI BB
k1t (Oreochromis niloticus )R IRSZ 5 P, LG
AKP I P Al fifi 2 I8 B B9 T RSB s b FE
12 °CHF U e RAH 7.62 UL, FiRgE R 5 A
S — B, 3 P W IR e 23 oK A sh e A
AR S G e O 25 (T R T R . e R
EARAEARIR A T, 8 2L B2 5 ACP Il AKP I )
S 17 Xof et ARG T g, {ELE 7 3R P AR SR R
IR R 1 5 G TS A A it A7 Y10 R L T i K B i
AR AP TR 5 EG JA A R ML AR s AN AT 3 g 45 , fof
ACP Fl AKP i 1Al Fifi Z B#ARR , 33 5 50 Ak it il 17
MAEE—HL,

SOD F1 CAT 3£ [H mRNA 1k 432 | 4p FL
PB4 52 W ] 2 AR N IR i Y AR S
o, 55 [C LB R SOD il CAT 3 [H mRNA 2 ik &
FEARIR 30 5 #0021 . H AR XFURZE 10 °CAI
A 24 b5 SEATFBE R T SOD 3 mRNA %
KRR ) B I T 1.6 4% F1 3.6 1% (P<0.05) 12!,
4% o 58 ( Haliotis discus hannai) fE/RIRIMA T,
WLt SOD $: 1 mRNA ik b, %
Se gl SR SIS A, P WG e A S Tk A

http://www.shhydxxb.com

S PSR AL R R KO HE o [C RS IR
R AU A A L R R 3 SRR IR S 85
R I E AR, PR P HLIAR 2 A ARG . TG
JREL MR SOD . CAT 3£ [H mRNA & 3k & 76 8 b 78
9 °CH ik Bl KAE, T AR 7€ 5 °CRy BUAS e K
{EL, B BAAS [R) #8% B XoF A0 T Wik 3 09 T 37 66 0 AN Tl
JHF R i XS APk i 13 352 . o Crrustin S — PR T IR,
Z 5 W SEEN PR Y 1 g8 g, H Rk 7KF- 7]
DL BRI G2 1 L . AR S b B TR 1
REARR , o EC RS MR BT T B AR Crustin FE R I
RN, PRI R I AR AP0 23 4 e o [R5
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AL B A IR R Y BRI, B HSPT70 [
mRNA Kk JC i 21k, R T HSP70 £E (]
mRNA Fih e LA A FRE. R kM, hEg
1% (Eriocheir sinensis) T AR Wk 38 5 , i JoR AR
HSP70 2 mRNA Kk 7E 48 hivf 2% FJ, H
IR E R RAH (P<0.05) , Bl 247 T B, 76 7 dJa ik
82 FNIEH K RS OELE AR IR 0 i), B8N AT
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Effect of low temperature on antioxidant and non-specific immunity of
Procambarus clarkii

SHA Wenbin"***, LIU Chuang'***, SUN Yunfei'***, CHENG Yongxu'**"*

(1. Key Laboratory of Integrated Rice-Fish Farming Ecosystem, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China; 2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture
and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Aquaculture Engineering and
Technology Research Center, Shanghai Ocean University, Shanghai 201306, China; 4. National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the effects of low-temperature stress on the antioxidant and non-specific immune
capacity of crayfish (Procambarus clarkii) , we collected hepatopancreas, gills and haemolymph at 4
temperature levels (control: 23 °C, experimental group: 9 °C, 5 °C, 1 °C), then measured antioxidant
and immune-related enzyme activities and gene expression. The results of antioxidant and
immunoenzymatic activities showed a gradual increase in total antioxidant capacity (T-AOC) activity in
hepatopancreas and haemolymph of P. clarkii under low temperature stress. The trend of increasing and
then decreasing activities of superoxide dismutase (SOD) , glutathione peroxidase (GSH-PX) , acid
phosphatase (ACP) and alkaline phosphatase (AKP) was observed in hepatopancreas and haemolymph.
Both malondialdehyde (MDA ) contents increased gradually, peaking at 1 °C. Catalase (CAT) decreased
gradually in the hepatopancreas with an increase followed by a decrease in the haemolymph. Gene
expression results showed that mRNA expression of SOD, CAT, and Crustin genes in gills and
hepatopancreas of P. clarkii increased and then decreased with decreasing temperatures under low-
temperature stress, and the heat shock protein 70 (HSP70) gene mRNA expression does not change
significantly in gills with an increase followed by a decrease in hepatopancreas. In summary, oxidative
stress occurred in P clarkii under low-temperature stress, and the antioxidant and immune system
responded to low-temperature oxidative damage by increasing the activity of antioxidant and immune
enzymes and inducing the high expression of antioxidant and immune genes, to protect cellular activity and
maintain normal life activities. The results of this study provide a theoretical basis for the selection and
breeding of low temperature resistant strains of P. clarkii under the integrated rice-crayfish aquaculture
model.

Key words: Procambarus clarkii; low temperature; antioxidant; non-specific immunity; gene expression

http://www.shhydxxb.com



