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W, HSP70 Fl ferritin J&PH & #EHT AL TIRE. BRASE
(2013)F g W, NO & i nl LIAE R =M 118
(Portunus trituberculatus) 5% & & 75 ifif &% T 5% 1 — 1~ 385
boo HJE, ZETEMHA T, B AMFIPRA86e 710
AEACAIL] ¥ AT A o PP R T s B B AR
ARBE . ACRRAE | 8 IR AR DL B I 5 A58 25 R 1138
N RE S, TEshW A fiwad B b R A R R AR
(PR/INE 5, 2000) . ASHBIFGE R BUHRS B APE SE 56 1) 7 %
(3h T&EEMa), LABRHIMR B A (SDH) . 4o 3 4
fL 1§ (CCO) . ZE#H 2 R 4 JL i (FRD) . 7L 12 Mo & il
(LDH) M 3E Sy FIZLIR & i A48 hs, 158 T T8
R AR A RE ARk, BERR TEEEE T
R AR TR TR, it RAWE
& T B LB T T A

1 RS
1.1 SEIedfal

# R MEF 300 BB T 2015 4F 9 LA 1L 4R H i
JRAKFEH AT, PR EERTEE A, R K R (5.82+
0.41) cm, & #(2.9£0.3) g, 7E 200 L iy PVC #fih
B, A 30 B, BIRKERE N 31, pH R 7.8,
RN (2022)°C, FREiFi. TR R 21K,
ok U3, #L# R 10d,

1.2 SEIHigit

LS AEE R E N IET, =il 22-24°C
NN 20%-30%. SLF05r R 2 ASSRE A 14
XTHRZ, R4 90 BAE R AMF, WE 34T, B
AT 30 o 2 AN S A 43l Sk e T i A O A AR
THAT PR A ) 25 b, A BT AT A B ARG 0L T
Fa ] CREUMAE T A O A A i 8, IR A
AR B ) 2 B T 4CIEIRVKAR ). 1K IRAL, K
TN T PVC Wi 45500 . TESCE T IR)E 0. 60,
90. 120, 180 min, BHALPkIE 6 FAFIE YH B FIHRE
JIFIBERR . BEFALEY, RAFIEM A . 76 L iRET Ze 5%
BB BFET-AEL, THEIET R FET- bR ifE &
SEBGAR AR BB, Bl Ak S TC RN, A K R &
THHEAR T,

1.3 HmiiE

Sl 0.2 g AFMREAR . BEFUULEY, BYRE, JA 9f%
TRFRTOA (S G2 b iAW, B I VKR Rl 2L, F
4°C"F 1000 r/min #.0> 10 minJ5, B W, 4CF
10000 r/min &.0» 15 min(E 4 & %5, 2004), W HL |3

WHT LDH EPEIE , FRDOTE I Fe () 3K 22 vh
WO HE, EEWHT SDH. CCO. FRD ifitk
M, 5H0.2 g LA TILRR & wtille, #Eahabs
T 127 R A BR A wl R &

1.4 SDH., CCO. FRD. LDH #nZ.Ei& 1 8INE

SDH ik & . FLIR(LD)MIA & . 8 1 = L
B A R AR A RA R R C.
NADH Iy { LA TAY TRERARAH .

CCO i J1 & 2% Affonso % (2004) 1 77,
10 pl KL N 750 pl 0.1 mol/L AR 22 o, 15 ul
0.1 mol/L 1Y KsFe(CN)g ¥ ik, 30°CHii#4 2 min, JMA
2 mg/ml i R P %K C 50 wl, 7E 550 nm bl 5
WG, 1E85% Lmin NWOGEE N IR(E . B50450 Asso T
K% 0.001 & S —ANE B o

FRD {if J1 & 2% Xiao %(1993) /4 /71 , B 450 pl
FHXGE K E 21 6 mmol/L ZEH] R R —4NEhF1 450 pl
1 PBS %E 2 #) 2 mmol/L NADH, 30°C /KA 10 min J&
JIA 60 pl KRG, 78 340 nm P KALTIE 1. 2. 3min
ARG RE o PR OGRS AR AT FRD 15 10284k .

LDH 1% J15E 225 ik e F 55 (1997) Jr v, K DI i
RV (2.5 mg FH 29 ml PBS & %%) 2 NADH ¥ (3.5 mg
I 1ml PBSEZ)T 25°C ik, W2 Hoasethatr,
1 FUmA PBSIZE, 55 1 FARWKIN AN EIFRE W 2.9 ml |
NADH % 0.1 ml F1 10 pl /M BRAORLER , TRS))G
SEHPTHET o 7E 340 nm AbBEFE 0.5 min P 1K, %2k
E 3min, L Asgonm FFIFTEIVERE, B N fic 07 264 35
a5, AR Aso N EME . IR RS ). %
JERN AR R vk, 2 Ak R RR 2R, AR
FHF WA 420 & .

SDH ., AILIA ZLRR T 1 i 2 Fn s (7 s e 5%
A A R A RS F AR U A

1.5 Sitoth

S B DL {E 45 1 22 (Mean+SD) % s, |
F SPSS13.0 St #k {447 5K 2 7 2243 Hr (One-way
ANOVA), P<0.05 i E P2,

2 #R

21 FEMEMEEBNFERNZM

SEHY 14 0 00 FHiR, AR F RN S K B R B AR
SRIYTE ST, 29 10 min J5EF TR, BEE T EE A
FE, UMATF IR HBIBE T . KT BRZH AR AR R R
PSSR . TESCI TR S 0. 60, 90, 120, 180 min 43
NG g 4 R BRZAAETE 48, IR RS 3

MR LA LA 1, TEMEE T H R AR A 5t
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Tab.1 Effects of Dry exposure on survival rate of E. carinicauda

TEH IR T R4 il 18741 ]
Time of aerial exposure(min) Dry exposure at normal temperature Dry exposure at low temperature Control
0 90(100.0%) 90(100.0%) 90(100.0%)
60 78(86.7%) 88(97.8%) 90(100.0%)
90 56(62.2%) 78(86.7%) 90(100.0%)
120 36(40.0%) 59(65.6%) 90(100.0%)
180 0(0) 40(44.4%) 90(100.0%)

T R R AR AR, 155 TR AT R (%)

Note: Values in this table were surviving numbers, datas in parentheses were survival rate (%)
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2.2 TFTEEXT SDH i& 1895 N

ME LRTLLE 1, FfiE T R T, R T
FEAL P ATEAR . BEANILPY SDH 3% J1 S FRAGH ., %
HAET#E W 60 min ff, SDH 3§ 1 5 X B 41 o i
FZ5(P>0.05), 7ET# 4 90, 120, 180 min i}, SDH
15 1 BB TR HRZH (P<0.05) ;7 i T8 4 v 1 e
BEFILPY SDH 16 J1 Rt B (B] A A K 52 R R 3, 454
MAIET N 60, 90, 120 min B i % T X% B 4
(P<0.05), FLHEAIRISLELH [ —t %) SDH BTG 71, B
90 min iR T EE 218 SDH 1% 1 S5KE TEE41 T0 % 2%
5(P>0.05) 1 120 min & il T 5% 2 TR SDH i 77 541K
T T ER T 25 S (P>0.05) 41, HA s 2% 16 T2 4
AL SDH {1 J1 ¥ o TR R T #% 41 (P<0.05) .
180 min B & i T2 41 H BB IR E oA 5, AT L.

23 FEMEX CCOFEHMEI

ME 2 /LA H, FfE T EEn i K, fGERT
AR . BEAILA CCO 6 11 R EL %, H
BAHLE T # W38 60 min B, CCO % /1 5% B4 G
2 25 5 (P>0.05), 7E T84 90, 120. 180 min A,
CCO i J Ik T X} HE £ (P<0.05), #£ 180 min Hf
CCO 1 Ik BN AIAE ; # i T Eg 4l IF AR . 8N
WL CCO i F7Bifi 25 B[] () SE 4 52 R R g, Hor,
JH AR FN LA CCO 1% J3 76158 60 min i 5% Bt 2 Jg
% 2 5 (P>0.05), 7E 90. 120 min i i A% T % A
ZH(P<0.05), H.7¢ T8 120 min i} i 2] 5K {4 . i CCO
% 1178 60, 90, 120 min i g K T %} 4H (P<0.05),
HAE 120 min B AR HARAE o F A [R] 52 46 21 [] — It
Z|) CCO WG 1, 60 min B8 i T 22 4L IFBEAR . LA
CCO i 11 5KIR T 82 41 6 8. 3% 25 7% (P>0.05), 120 min
R T EE LA CCO I 1 SRR T 85 41 0 b 3 25
5¢(P>0.05) , HA S ZI 5 il T8 414 4141 CCO 1 /13
i E K FAICIR T 28 4 (P<0.05)

IR T#E 4 Dry exposure at normal temperature
~ {3 T #2841 Dry exposure at low temperature
[ BXZ3 X B4 Control
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Different letters indicated significant difference at
the same time point, the same as follow
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Fig.4 Effectsof dry exposure on the LDH
activities in muscle of E. carinicauda
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AN TEEMNHE X R A U (Exopalaemon carinicauda) -1 X 35 4H & B i) 52 i 57

BT EANA LDH i ) 2eFm e REIES . T8
JBiriEt 60 min i, LA LDH 36 f1 5% B4 T i 3% 25 %
(P>0.05), 7E 90. 120, 180 min s, JLPI LDH i/
i TN R4 (P<0.05), H.7E 120 min ik 2 &K
B iR T4 NLA LDH 36 J1BEE W s a) 4 3E 4
[ e m G Rk %5, 78 60, 90. 120 min A,
WLA LDH Ji Jj . 2% &5 1% B4 (P<0.05) , H.7E 90 min
AFR B R Rl . AR L g2 W] —BT ZILA LDH
W, TEEMG 60 min i, #iETE4NLA LDH 7§
71 5 E TRE T 52 40 (P<0.05), 90 min I} & 16 T-5&
H 5 GE T #4100 8 3% 22 5 (P>0.05), 120 min 4 &
T 5% 41 5 I TR 1 #8 4 (P<0.05)

26 BHFEAUEAL SDH/FRD Tk

ME 5 e LUE 1, WiRTEAE R AR 3 Fh4!
SDH/FRD W78 b MLEAH TR . T 82t BBz, % HUfE
BB, T 120 min B AR E Al . Hr, JHEE
PR FNfE SDH/FRD B9 A8 f M BE LEAILIA K .

3.0
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25T —e— i Gill
I —A— JJLY Muscle
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A} 8] Time/min
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Fig.5 Effectsof dry exposure (normal temperature) on
SDH/FRD levels in different tissues of E. carinicauda

M & 6 AT LA ), IR T # 4F B F iR 3 A4
SDH/FRD MYZEfL LA, T EEHHE 7E 060 min i), JH
JERR LA LT, SEMEAH TR TERMaTE 60—
90 min i, ZLIEE TR, T 180 min ik 2 &AL
AL Hid ) FFBEARFNEE SDH/FRD 1Y 728 4k i BE K THL
R AR IR .

27 FEHEBXNIABRSENFIE

ME 7 o LUE 1, BE T2 b B e, %
T B AN R ZLR & 2T S E RIS fE T8
fBrift 60 min A, HLAZLER & 5X A TR &2 5
(P>0.05), 7 90, 120. 180 min i, WLAFLER & 2

3.0

—a— JiFgifik Hepatopancreas
—e— fifl Gill
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20
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Fig.6 Effectsof dry exposure (low temperature) on
SDH/FRD levelsin different tissues of E. carinicauda
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Fig.7 Effects of dry exposure on the content
of lactate in E. carinicauda muscle

& T R4 (P<0.05), H.7E 120 min i 35 31 f K fE .
R T R L UL PR LR 5 i I 6 s ) 1) S K [ A
JeTt i AR . 7E T 88 ME 60, 90, 120 min i,
BT B AL FLER T 2 = TN R4 (P<0.05),
HTE 90 min B iEE 5 KAE . X b [R]— B Z0AN ) S 55
PR S HE, W 60, 0 min i, HiRT&HNNFL
R i o TR T 88 41(P<0.05); il 120 min
B, EiRTEANAILR S &R E TR T &4
(P<0.05),

3 iTig

A AT SR B R T I AR A 2 B AL, L
a3 R REEAR . R TR G I A AL BE R 1L (R 1%
55 (M%) 48, 1997) . Rustin %5(1994)ffF5% & FX, SDH
YE RS 5 ZIRMIGA R 1L h 5 1 0 SR , FO%
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PE— B TR R PR A S 1T R JE 1 FE b s CCO
2 FL AT 3o 0 R i 1) il A AU IR 1% PR i (Simon
etal, 1971), 7ERESMT, MTARNEI T2
fiK, o2, N ANEEIE R #17, 3 CCo
TEPEARK; [RIAY, SDH FT2 50 = BRI IR N 1
1 390 A ity 5 I A% L TTT 4 R R AR, e 2423 SDH Al
CCO IhHEH AR, 2= M1 (2010) VR IR e F Y H
Z ¥ K (Macrobrachium nipponense) & F1L, K& FRIR A
ff SR S 2T HZRTAET SDH il CCO i 1 HIRRAIG . 2534
(2012)?7i4ff 5 4R 48 55 8% (Eriocheir sinensis)fi% %0
18T B AR SO B T AR SIS . ARRESE
HOR T ER 4UE R AR5 4141 SDH F CCO i 1 ki % T
FEI E] A HE K 2 R R, R T T a5 BoiR ik
YA AE, MITBELRS T HL A%, B 208 P At
WROR TR, RIK 2 MR EEE I REAL, IUE T2
0 B HIF4 4141 SDH H1 CCO TR £ M 5w iR T
2 UM R ok A, (H 45 sf ) o5, — 35906 13850l 3 T % TR
TEA ., 45ERE T ZEAURHE R T HRAIMEER R,
e AR A R R AL 4 R R A B 3 R TR
T#& TARRE, YRR REED, Mk e P
AR BB L ALK — 2 RN A A AR (Morris et al,
1999), Ab T FEARZS Ay IR PR L B8 22 [ AR A K 43
PREURR, 25 R LR i A R T8 Rk A SR A7 1K
HROR R R R R (5K SO A, 1996) . FHAER T R T 5
FHAER AL, 4 FRIETERENE R A2 %
T 7K 43 F BE B T R 4R A, TR T AT B Ao 14 5 R
B4 Bl A ok 18 i A R AL 0 (Taylor et al, 1997), M
T AE 40 i P9 2 30 1 SDH Fil CCO W 1 & T T T s 4l
HRALR,

BERBRA AT, DR S 0 TC A A B
2 DA AR LA RE I T oK o H 2 sl e SR W AR
(2= e FLIR , FLURET 22 I U BE S IR IR =2
—J& JO A I 5 FE AT PR (Spicer et al, 1990). FRD 5
SDH 7E£5#4 AL, (HDIRERI . FRD fENHL T2 1K,
FEAELAE T RIR I JF B IARR , 78 G i
& AR I (Ellington, 1983), LDH A A4k JC & ATt
YRR R, B RE R, HIE e —
FREE L AT DL e e S A RE ) 95 55 (Viru, 1994),
AR 5 (2009) TERF T B AL X H A TH SR IR AR S ) 5

Wi s 36 L B A B AL 38 A B RIS, H AR YR IR
SDH. CCO & /i R, FRD 5 LDH i& /7 - FF, #ED
H 7S VR 3R Sy 38 N G Ak P ke, BILAAR TG SR AR 1 e ) 1
M. ABFER, WIRTEEHA UL FRD IE k5T
2 ] ) ) 2B K 2 e T IS B AIG A %, S LP LDH 1%
JIRIFLRR & 0 AR AR o B T H R R
TEEM A, JCEMT M ACHRE I RG R, YRR B
R, LRI R Stk R LDH 36 71
Tt BT —FRET LS (ERAEE 120 min B,
AR AT RE R M an i R R S BRI R
Ge % 2| — ERREE R, ELALA A B % ™ 5 A9 MK S0
T K LR B 1k Shy ) 2 0 f 2 5 P I B 1 iy A e {3t
i (Oliveira et al, 2004), MIifdiFLER & it T R, KR
T# 4 FRD. LDH [ J AR S S E iR TE#AA
FEARIE, A LIHEIZE 60 min B, IR T 5% 41 R4 i
Al — o B A AR A e, ORI &
A FEAN B ; 90 min B, I T 5% 41 AR 40 A P9 k4
JeEE, TRARI R SR, FLERIT IR KRB
120 min B}, & i T MG 2R 50T g a2 2
ToAEAR R BT B, B Y LR w0 A% Ak ok i A ok
HEFEHUAEAT . DU, IR TR RBHIME, T
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Effects of Dry Exposure on the Respiratory Metabolism-Related
Enzymes of Exopalaemon carinicauda

Lian Chunang?, Li Jan**", Li Jitao', Feng Yanyan'?

(1. Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry
of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National
Laboratory for Marine Science and Technology, Qingdao 266071)

Abstract The objective of the present research was to investigate the effects of dry exposure on
respiratory metabolism in different tissues of Exopalaemon carinicauda. In the tria, E. carinicauda were
divided into two experimental groups, namely normal temperature (22—-24°C) group and low temperature
(4°C) group. Meanwhile, shrimp cultured in seawater were used as the control group. Activities of
respiratory metabolism enzymes and content of lactate were measured under dry exposure challenges at
60 min, 90 min, 120 min and 180 min. The investigated enzymes included succinate dehydrogenase
(SDH), cytochrome oxidase (CCO), fumarate reductase (FRD) and lactate dehydrogenase (LDH). SDH
and CCO are the key enzymes of aerobic metabolism in animals, whereas FRD and LDH are the key
enzymes of anaerobic metabolism in animals. In addition, the content of lactate is an indicator of
anaerobic metabolism. The results showed that the activities of SDH and CCO in hepatopancreas, gill, and
muscle in the normal temperature group decreased significantly than those in the control (P<0.05) with
the processes of dry exposure. Activities of FRD, LDH and content of lactate in muscle increased initially
and then decreased gradually. And the levels were significantly higher than those in the control (P<0.05).
Activities of respiratory metabolism enzymes and content of lactate in low temperature group had no
significant difference compared to those in the control group at 60 min. After that, the trends of the
enzyme levelsin the low temperature group were as similar as the normal temperature group. The changes
of enzyme activities were tissue dependent. Activities of respiratory metabolic enzymes in hepatopancreas
and gill were higher than those in muscle. The results suggested that anaerobic metabolism increased after
dry exposure. By contrast, E. carinicauda can maintain the aerobic metabolism during the early stage of low
temperature dry exposure. Furthermore, the hepatopancreas and gill might be more sensitive to dry exposure,
whereas reduced temperature could increase the survival rate of E. carinicauda.

Key words Exopalaemon carinicauda; Dry exposure; Respiratory metabolism enzymes; Anaerobic
metabolism
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