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WE: FRT 17, 254233 C 3ANATFEBENMRFRYBLEE, wBEEO@MEA T XL
R E AR Hh, EREI, 17 CAMRFEDEAEERZ DA 5893%, B AERIAREKA 144,
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ZROS &M T &EaT 1A 3 mm A AR EAF &, T &8 335 bax K WA bel-2 AW
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48 h, TEI% R0 ik 93% ), S5 b MR (Panulirus
ornatus)fE 12 CE&MF, a4 26h, fE15% 01K

25 CHEE N, T8 2h, 1AHE%0 5k 9397, BE15%
YR (Penaeus monodon)ft 25 CHEE F, T8 1h, {7
TN 85%!°,
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Y11 1(Arthropoda) . H722¥(Crustacea), i /A1 1E
HE | R HASE EVRE, HARR R . 250
(B N B R, 2T RIHEEE, 1E
[ T3 AR ER T, s R T
BB T Sl A E AR Y, L T T R A
F1381"), Cheng ZEUOWIF oY T L/ CE R T30k
FR) B3 AT AR BRI, T SO U TR g T RO T
T2 — PR A N A A= BN 22 S A 8 T AL
B AR XA [k B2 X #0078 T RS T A AR
LRSI FEMA A TSR

R, ASHESY L 1 A Ta] 1 25 T B UL Ol
TR LR O AEIG | IS, A LR TR SR S IR Rk
HISEIA, 5 TE AR AT 0L B8 X AN [ B T R A A=
P, AP G B s BRI S

1 #BERE

1.1 FEE&t

SEET 2021 4F 10 H 22 HIFR, FetHb S 7e
TR RFPIRIE ., LR E 17, 25, 33C 34
FEEIRELH. 3 1 150 cmx100 cm=80 cm FJ LA
T 3 MAFETEERE AL, A HE 8
A~ 30 cmx30 cmx30 cm TEE AN, 2 A&
B 208, 9 ARAEIX e, BRI ARIETR AL 1
A, BANEA A 8 A ER, BN EETH
WAL At 7K A7 5 S AR v BE AR Y-, A N ol
P HLAE I IALAT K, AT 0L O 8 T R L

i

<30cm=> 100 cm

€«—— 150cm > ¥

1 FELKEE
1.2 EBHH
F T 5256 19 B0 X B 40 B8 (1A 5 o (32.25+
13.52) @) R IET WL = UK ™ SR, 1ESE5
FINRESR 54, LGNS IR AR )

IR, B FRKIER 22~24 C, WIKEREH 25%o,
PFWIE], EE>S mg L, AN AR EE<0.5
mg L, BRI A B GRRL. R SRAE R, Pk
VEARTEAHIT . B BOE L O B L 168 H; [
B, REALA b P AR R B SE R T R, R
H AN TR 3 SR Y 24 TR
AR, BT R, B 12 h MR SR AR A7
TORAS, FEGEHHC 4% Ak B 2H S8 (1) 7735 K dis
SRR IS hBE ) R R L SR IT IR ki
G ARG, W E R FETMA.
13 HAR%E

B ATELIFARAY 0, 24, 48, 96 h Y1
HURE, BB ]S AE T EE A TP A T 1 L O
o, S 8 X, AR 8 H, E D
B3 HLA ERLE LN, (] 1.5 mL —RPET 5
AR AEADL T R ) ) Y DK S e BBt Ak B, I
HF IR AR B LI B AR AR T 1.5 mL 20
B, WRGER, B A-80 CFRAE, PL)as:
A3HT. MR ZPTBEEAE B 72 4 “CUKAS h i B 7,
BB S IR T 4 °C 441 F, 3 000 rrmin ' B0
10 min, ¥ [ 2 ME I 6175048, 4345 T-80 C
MR TRVKF PR AT
14 BiE%

K Kaplan-Meier A= £ I 2k 73 HTik, 1T
TR 2 A S ] A 40 R AR L R AT 1 1O
1.5 h¥BREG. RABfEERGRE

I35 003 2 B WA ROS A4k i ELISA
A E (AL AR PR A BRA FIE . AT
AP TS bR AR T L IR I AFRAS | A
e . HRPGA ALY B Fic R HTAA, SR04
TALIRTE 37 CFIEE 60 min, I FHVEARIRMIESE
Y, ERH AR VE T, T AR
TMB(PU FH IR ) R i (A8l o 6, By e 240
TR B0 R B T AR Y s R L, PR 3
N ng-mLﬁl.
1.6 A EAKSH

S G T R AR AR AR A TR
SHEES, AR5 B/ 4 40K R (50~100 mg) AN
A 1 mL Trizol i{71](15 596 026, Invitrogen, USA)f¥
JG RNase [ EP EHh#2HLE RNA. A RNase-Free
DNase(TaKaRa, H1[E)LBRIEK 2 DNAT5ELY)E, H



55 6 34

WAZKZ, 2 TR CE AN BEAF TG | I W5 20 U T AR DG I B i 2 59

® 1 AARPATEE PCR B4R MES M

CIL/Ey S SIYIF5(5'—3") SR
bax-F GAGGGACAGTGAAGCAGTGGTAGT SCHR[3]
bax-R GCAGTTGAGATTTGGTAAAGGTGGG

bel-2-F CCTTGCCGAGTTCACCGTGC SCHR[11]
bcl-2-R GGCAGCCAGTCCAAGCCCAAT
caspase-3-F ACGAAGTGAGGGGATTATGCC SCHR[16]
caspase-3-R CAGCCCATCCAGCGAGC

p-actin-F GAGCGAGAAATCGTTCGTGAC SCHR[18]

p-actin-R GGAAGGAAGGCTGGAAGAGAG

BEICHL UK IR R RNA 1 58 38 PR g g . 43 R
HiFiScript cDNA 271l & (FEm A PRt A BR
Al R BE B E AL IR, % RNA [l
cDNA. >R SYBR £ 5L YLRED G E 5 PCR
% (LightCycler96, Roche 23+, Fit:) b ikf7 Lt
PCR K. ASHFSE LA B-actin /F R NSIEIA, 43510
SET bax. bel-2 . caspase-3 WFEIRTEIL. HL4R 224
D5 % BT A S BE I T A BT RS T 8
%% 1[18].
1.7 HKIEH5H

B LSE YRR 22 3R, LS R
SPSS 20.0 AT HLR 2 J5 2253 H1(One-way ANOVA),
KH Tukey ZH WS ERIR T, YA P<0.05 1E
h2E S B EK. MAk, BE S T EER RS EAEH
K HRUHE ZE 7 2 (Two-way ANOVA)3HT.
2 HREHW
21 FABRETTFENMREEHBAEERGY

vl

AN [ BE T 88 1 O 4800 i 4 1 AR A 4k
wE 2 proR. BRI, R T AR R T
5, W CE L EESE T AR, IRl TR B R A A
1K, FET RGN, 7E 24, 48, 96 h Bf, 17 CAETE
LAYRIHR 96.43% . 89.29%. 58.93%; 25 CAEIEH
IR 91.07% ., 78.57% . 32.14%; 33 CAEIG )
BN 85.71%. 50% . 17.86%. 17 CLHAFIE B )R K
1 144 h, 33 CHAFIG A E A 120 h
22 FAABRETTFESMRFEY B LHKEIEHF

EoR AT

ASTRII &5 17 150 $0L/C 4 ) 4 1 ok £ .

100

F&& ) /h
B2 ARFEEETUNSEHEETFHE

W AR R R AR AR ()R, AT L 17 CrET
% 48 h 6 5 2 i T LA 7] 4 (P<0.05), 33 “CHL7E
T 48 h i I 3 =y T HA AT 1] 55 (P<0.01), 111 25 °C
HAETH% 96 h B i A (1 o3 f vk 38 ik 8 T g (P<
0.01). N [E] LB T 28 15 50 N 07 8 40 8 i bk 2
B IR ek AR AR A 3(0) o, AT UL R
TR EETE 25 CCHI 33 CA B B THEaY, HAET
#% 96 h I {3 2 = T A [B] 25 (P<0.01), T 17 C41
o g AR (P>0.05). AS[R)E BT 85 00 B H
BT ROS BTk AL A 3(c)Finw,
A UL ROS HeBE7E 33 C2H 96 h IvF i 25 15 T HoAth piof ]
JL(P<0.05), T HASE IR 2H TG i 348 1k (P>0.05).
23 RABETFENMRERLYH GG @A
FXAR AR
AFRETE RO R CE B bax £k
THUNE 4(a) s, AT ITE 17 “C2H bax 2k HHET 52
24 h B AR & (P<0.05), 33 C4 bax FEkEAET
#% 96 h I i3 22 25 F LA A ] 15,(P<0.05), i 25 C41
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(P<0.01). AFEETERNN L/ CEELYE bax/

bel-2 R ANA 4(c), 17 CHI 33 CHL bax/bel-2 FLiE
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TET85 24 h P RF 1 Hog 2% 5 F HAb A E] S (P<
0.05). A[FEIEETEEEN N CEEYE caspase-
3 FR WA 4R, HERTIL 17 CH1 33 C4l
caspase-3 FIRTEAET#5 24 h L2 5 T HoA
] £, (P<0.01).
24 BEATERE IR FELEG L LR

2 AR AU 2y 2250 TR | T8
i [i) S 3 1 R0 B (i) %o 00 i 8 40y 8 -0 e 4
Frsg @ o 55, AT LAE 1, TEEHEEXT bax F1
caspase-3 FEDFXS FIk T 0 520 (P>0.05), T
8 I A0 AR PR AR B M2 I (P<0.05), 551
JERT-EE B (XU AR AT . IS
R JI A bax FE A 2 HAEH.

2 VWEERAFESHER

H#E
Bty R o TERIREX
TERE  TEw —
N H/% P<0.01 P<0.01 P<0.01
MEHE I/ (ngmL™")  P<0.01 P<0.01 P<0.01
e fFilE/(ngmL™")  P<0.01 P<0.01 P<0.01
ROS/(ng'mL™") P<0.01 P<0.01 NS
bax NS P<0.05 P<0.01
bel-2 P<0.05 P<0.01 NS
bax/bcl-2 P<0.05 P<0.01 NS
caspase-3 NS P<0.01 NS

NS RRETLBETEZES.
3 g

AHEFE R, T 7R I RN R A ) X L R
YIEAET R A, A T8 IR 1T, DX
HIY RGBT, 16 17 CHE, 3L a4
16 96 h I FETE A4 58.93%, TiTE 33 CH, #17¢
HEELEELE 96 h BTG RIUR 17.86%. U5
. [ R B IR T S & R B = R TR R R
ISP T RSB AATER N, £ SCTF, =k
W FHEAE 48 h B AT A 93.3%, TTE 10 T4
PEFAET RN 0% JBEA 15 CH, JEFEIR (T
TE 72h 5 85.3%MIAE TR %, [HYSIREA 25 CH,
JERE IR TAE 72 h i B 2 ase T 5L ERFSE
SEOLAHML, Bl T REET IS AR LT, Bl
BEAELEERIVT R GVELE 17 CAM N AEIERT

[EJBEIEH] 144 h, {H 33 CH&MAF R 120 h. AHF
g, SR B A PRA R K Ty R B, A4k
PRESLRFE T — MR, UL RI e T RA T W
PEBEAAGE RAEA. FE, B TFRES T
EEAAAEACHARE R, DA I v T 0 T 8 1 e ] JifpaE 25
eI R IIG-y vtk S

S (1 o 8 = S = = = T 97U S
SERINEE e MR (Homarus Gammarus) Fl5E 2% 5 1
(Seylla serrata)>*>" i BUVE IR ARG 2, 3R T FAAIR
EAREMEEASEA R AR A
21 B LT T ) A B R VR B A TR
PR EARE TS, H 33 CHMmEEA ST
0 TR A, s R ] e 2 DN A e s
TAREIE, hif-1 FEFRIN LI, DT 0 i 2
FIA R Beah, s & P —Fh 2 R A,
S HAT e B S g, DI — PPl 682 i B R
TR A EE TROCE BN RS, FEUNE
K .

AN 38 B R A AR B2 5 | R KA S
P14 7 3 S 7 22, T e 7 S8 I A s 2 — P,
AMFFEH 25 CHI33 CLLRY Rz o Fsvk FEAE T8 1 A
W RO, M H ROS Farthpfiz Bk, BT
RS EOISY, I LA B T A
F ROS REASINH] DNA A G- FHAT DNA &
A, PR AT RE S E A A T, A g TR
P S DR R4 )RR S AR IR AE T, S B A2 3R
FUA I DA K A5 s 21 TS 2 O H 2 mAE
FIPOL Bel-2 Fit BAX 2K PR 1 P IR AN I T 11
Bel-2 T A Z G 5L, Bel-2 2 [ A] AT B 40
T2, i BAX AP ek -7, e ok
VI, BAX/Bel-2 B UK T 1, fURE I RE 1
W, AN R TR TRY, AR RN R Y bax/
bel-2 FUAEAE 17 CAl 33 CT#EMMA 24 h BfEAT
1, [RIBFH: caspase-3 FEPRZRIAFth ik B Thil, A
DL 2 L 1] BB AL TR K

4 &g

ARSCIRGE T AN TR B LB XU O e 4y B A
i ML S K | AR AN R T ARG EE N
RIBHIE. WFFEE R R A R T /Y T 5524
SR CH AN BRI BT, LURCA
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Effects of air-exposure temperature on survival, hemocyanin and expression of
apoptosis-related genes in juvenile mud crab Scylla paramamosain

QI Shanshan]’2’3, SHI Ce]’2’3, WANG Chunlin1’2’3, YE Yangfang]’2’3, MU Changkao]’2’3,
LI Ronghua"*?, REN Zhiming"**, WU Qingyang'*’
( 1.Key Laboratory of Aquaculture Biotechnology of Ministry of Education, Ningbo University, Ningbo 315832, China;
2.Collaborative Innovation Center for Zhejiang Marine High-efficiency and Healthy Aquaculture, Ningbo 315832, China;
3. Key Laboratory of Green Mariculture, Ministry of Agriculture and Rural Affairs, Ningbo 315832, China )

Abstract: The effects of air-exposure temperatures (17, 25 and 33 °C) on the survival and apoptosis-related gene
expression of juvenile mud crab Scylla paramamosain were investigated. The results showed that the 17 °C
group had the highest survival rate, while the 33 °C group had the lowest survival rate. Hemocyanin in 17, 25
and 33 C groups peaked at 48, 96, and 48 h, respectively. Cortisol content in 25 °C and 33 °C groups was the
highest at 96 h (P<0.01); whereas reactive oxygen species (ROS) content increased with extending air-exposure
duration. In terms of gene expression, bax and bcl-2 genes were significantly up-regulated with increasing
air-exposure duration. Two-way analysis of variance showed that temperature, air-exposure and their interaction
significantly affected the survival rate of juvenile mud crab (P<0.01). Based on the above research results, the
effects of temperature and air-exposure on the survival of juvenile mud crab may be mediated by stress response
and apoptosis pathway. In addition, the optimum temperature for the transportation of juvenile mud crab was 17 °C.
Key words: mud crab Scylla paramamosain; air-exposure; temperature; oxidative stress
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