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SEG I ME =P pe 88 24 200 Hl 3 1L AR 8 IR
T 1% T B R A R M, R TIC R TC L 1 DR A A
TRAE g S0 B, 5206 B8 RS Oy (114,88 +4.33)
g,k M K (59.9 +3.59) mm, Sk i 5
(120.20 +7.37) mm, LI EE I A 3 cm
VD (g0 WA Y i 3, KL A2 O 0. 85 ~ 1. 00
mm , S5 R 0 BRI ) Y 3% 5 B9 7K R (200 cm x
100 cm x40 cm) P& 37, J0CE F5 UL 5¢ TR A5
e , K ER BE Sy 30, K TR 20 em 27 5 A]
BEFERIAE (22 £0.5)C e A 14 L2110 D,
ELEE R, H A DO >5 mg/L, BRTH7.30,
W 19 :30 o 4R 2 YCBE % s R I (B BRI IE)
RIS . 45 2 KRR AK 1R, #3710 d )5
% 2 KEAE (55 em x 30 cm x 35 em) W 4T il

FEIE . 94k 2 55 50 i B, 1R 1 B8 TE 58 1K
Ja I he 0 S S, KR AE O E B R AR O
W o
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Vg 7K R ¥ 7K 58 A 3 5 v R I K R i B in
A SIS 1 IR IR RN B Sk B sl R 45
PR TF SR A o S 06 B Ak 28 S 56 i R S OE R
Wire 1, IR IE e g . YAk S 57 5 9 1) 09 4
PR [E] 4 5%

SEURAE K TEAR N AT, BN TR 30 K
AR, BN AKER 1 H S g oy ) TR w5 fe
1.2.8.16 h J 58 4= i AL B HRUORE &% 50 36 38 % N 55
ANIORE ST 4 HUE
1.3 #RMRESNE

FH WK AR T 42 7 B8 1 AR 22K 4y, 7E VK 4
TG g ), 255 ST BOE 1% JHF B UE L UL PR RN A A
1.5 mL ff B0 8 v, 3O E iR A
- 80 CUKFPRAFTEI

BLO.2 g 41411 1.8 mL 0.86% )15 ¥ &b 7k
FrkoKis o 58 40 OE S, WF S J5 3 500 r/min #2500
15 min, B¢ 10% A5G 045 . BRAL
BB 5 5% 1 500 r/min B5.0> 15 min,

O (HK ) 74 i % 46 ( PKO) 5% 31 R
Jiit U ( SDH) (14 3% 1 Je FEA B 8 1 & & 4ok
B A W TR S BT PR A A R S, B
PRI 5 2 B 7 0 R 45 A DO 5 2R 17

A T R % i ( PKC) 1936 J € X : #E 37 €, pH
7.6 BTN, B A8 E A 00K 1 wmol [y
94 12 94 e =X PR 1 B2 ( PEP) 5% 72 S PN B R Ry 1 A1
JIHAL,

COP I B (HK) /9 3% 3 & L. 78 37 C, pH
T 6/ 4T, B s A U I AEAS SRR & B 43
Bp/E AL 1 mmol () NADPH & X 4 1 A~ filf 1% /)
BT,

BE AR L AU (SDH) 1936 ) X - 7E 37 C,
B2 v B OB 4 B 6 SR AR R I Ot B RE AR
0.014 1 A~ Hui& Jy B,

PK 1 SDH ) {if J7 B fii H U/mg prot KIR,
HK ffi U/g prot /&,
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WAL R LAF A + pRifELR (mean + SE) KR
BARGETT 73R T SPSS 13.0 B F#EA T, LLELEE (18
22.26 C) FIESALES ] (1.2.8.,16 h FI5E A ALk
&) N FEEZ W T B Two-Way ANOVA 73 #r, % Al
Duncan [T ZH LEL, DL P <0.05 E N 2R B&
K-, P <0. 01 52 22 54 . 25 KK

2 4

21 BEMBUIBRP=ZKRFERZEREH
PK . HK #0 SDH & 7183 I

S e rp A A PR R WS B AR TR AL T B
E2p JUSTRTIE SR SO Y SUR I (o Sl LN
T JIF R PK (HK il SDH {5 77 9 82 iy UL 4] 1
~ B3 W L FE 2 W RUAR B, PR T T
JBHE H PK A HK {1935 )16 3 Nl T 7l 7eJa
1 ~2 h AR RAE, BEES AL o] ) A8 1, B AR T
e e IR T 5 I BIE R PKORT HK (4995 )
BFH & T M i J1 (P <0.05) . =JER
TEENFIBREH SDH (935 146 3 MMl R, B A5 1L
A E A, A e B BT RS S 16 h
ARKREE3), & & T X iRE T SDH
3% 41 (P <0.05) ¢

mm | h
=2h
10 =8 h
= —16h
S 8F g a 57 A
; a a g g% a
E.‘? a*
L3 6 N b
25
=3 ab
R¥ 4r b
a  2¢F C

16 18 20 22 24 26 28
MREE / °C
temperature
1 AEEBET=ARFESLIRESD
FrERBEH PK BiE H1
n =4 PR 5 B R AR T 225 5.8 (P <0.05) s A5
AT 5 R A ]I LT 225 2.3 (P <0.05) o Fll.
Fig.1 The activities of PK in the liver of
P. trituberculatus during the calcification process
at different temperatures
n = 4, different letters indicate significant differences among
groups within the same temperature, and different symbols
indicate significant differences among groups within the same

time point. The same below.

mm | h
140 =2h
| mm 8 h a¥*
120 = 16h T .
100 e ab

HK% 77 7 (U/g prot)
HK activity

16 18 20 22 24 26 28
HREE / °C
temperature
B2 AEBETZARFESHLITREHR
BFER R HK B)iE 5
Fig.2 The activities of HK in the liver of
P. trituberculatus during the calcification process

at different temperatures
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2 1ot
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3 AEABRET=ZHRFESLIESD
BFER R SDH H)7E 71
Fig.3 The activities of SDH in the liver of
P. trituberculatus during the calcification process

at different temperatures
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SR (P <0.01),
2.2 BEMNGLALIEP=ZKRTFEINANFR PK,
HK 71 SDH i& /1 #9551l

T X Ak o B v = e AR T LA PK
HK 71 SDH i J3 (52 0 23 3] UL 11 4 ~ &1 6, | &
4V LIE L, SR FENLA T PK 199E J) £ 18
126 °C Bl 45 A0 i [R] A9 2B K, 2 5% B T T R 1Y
RG22 CTWE BT - T - BT
W Hh R R LE 26 CBLSE S LA T PK 915
JIFERT 8 h ¥4 HF4 K 7,18 TR HE Jy W AE
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WiFe)E 2 ~16 h &, # B & /& 26 M1 18 TF
S8 A MEALET PK 5 1 (P <0.05) . 7€ 3 AN B
N, B ST A ) AE R M B LA HK 36 ) 8
MR R RS (B 5) HAE 18 T A1 26 T F Wi
Ja 16 hif SRk T, 3 AN IE T, LA H HK
FE 5T H0 45 I ) 05 R SR T o8 4 Ak i
HK (3% J3 (P <0.05) ., =yt 7L SDH
36 176 3 AR T B A5 1 R i E AT, 28 B 4
T RRER R, e 5T )T 2 h S ik ek
fE(E6), 26 CTHEAMEIRA T LA SDH [y
W 71KV 5 R B W52 )5 1 h A S K OF A Y
(P>0.05) ,{H 18 #1122 C/ERE{LIRA F SDH 1
R - 9 T 50 N/ v = 1 N ) 5 W £
W1 (P<0.05),

st =2 e
= 8 h I
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Ll 4
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PKJ% 1 7 (U/mg prot)
PK activity
[\

—_—
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A PK BiEh
Fig.4 The activities of PK in the muscle of
P. trituberculatus during the calcification process

at different temperatures

mm | h
140 ==2h
mm 8 h a*
= 120 —=16h Iab* _f_*
2 100} TR L[] Tb
o0 2 a a
2.z 8r a b
I3 by
Ry 601
lg:‘: 40 F c*
T c
20 + C i

16 18 20 22 24 26 28
REE/°C
temperature
BS5 AEBET=ZFERFESLIEH
LA & HK 8iF 5
Fig.5 The activities of HK in the muscle of
P. trituberculatus during the calcification process

at different temperatures
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Fig.6 The activities of SDH in the muscle of
P. trituberculatus during the calcification process

at different temperatures
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T 7 Bt A R[] %) SEE G S A4 52T B e e, 24 A i
sea 1 h A m KM, 7658 2 AL i A J/ME, B &2
FAR T AT ] 25 PK 995 J) (P <0.05) . =9k
M6 HK (9705 J3 76 18 F1 26 CF, Fifi 5 1k
B SE K, FE R e e 2 B 3 fEl e s
16 h 3k e KA, 2 58 4 65 4k B35 ) 8 B O i 2 IR
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22 CHfirp HK (3% EBi 78 J5 1 h ik fe KA, 3L
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1Y% ) & 3 AT 358 W 45 i) A) s SDH [ I )
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SN R ST = 3 o 1 1 DN DS R R
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Fig.7 The activities of PK in the gill of
P. trituberculatus during the calcification process

at different temperatures
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Fig.8 The activities of HK in the gill of
P. trituberculatus during the calcification process

at different temperatures
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Fig.9 The activities of SDH in the gill of
P. trituberculatus during the calcification process

at different temperatures
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AR (18 C) iy I (15. 88 U/mg prot) B B AI§
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Effects of temperature on energy metabolic enzymes of swimming crab
( Portunus trituberculatus ) in the post-molt stage

DAI Chao, WANG Fang* , FANG Ziheng, DONG Shuanglin
(The Key Laboratory of Mariculture ,Ministry of Education ,Ocean University of China ,Qingdao 266003, China)

Abstract: The present work was carried out to study the effect of temperature on some metabolic enzyme
activities in the female swimming crab ( Portunus trituberculatus ) during its calcification process in
laboratory. Activities of PK, HK and SDH were measured in hepatic, muscular and branchial tissue of the
swimming crab at 1,2,8,16 h after molting and the completely hardening stage at different temperatures
(18 T ,22 T ,26 T),respectively. The primary results are recorded as belows: (1) Compared to moderate
temperature (22 C ), PK activity in muscle of P. trituberculatus was found to be significantly increased
during 1 -8 h after molting at higher temperature (26 C ) and lower temperature( 18 C) ,indicating that the
glycolysis rate increased in muscular tissue of the swimming crab at higher and lower temperatures; PK
dynamics was found to be peaked in hepatic and branchial tissues of P. trituberculatus at 1 — 2 h after
molting which showed a greater rate of glycolysis in these two tissues. @ HK activity in the hepatic tissue of
P. trituberculatus decreased during the calcification process in all treatments. HK activity in the liver at 1 —
16 h was significantly higher than the activity of calcified status,indicating a gradually decreased utilizing
capacity of glucose in liver of P. trituberculatus during the calcification process. However,the branchial HK
activities showed an opposite dynamic trend compared with that in hepatic tissue, which projected an
increased utilizing capacity of glucose levels in gills of P. trituberculatus during the calcification process. The
difference may be related to different capabilities to use glucose in different tissues of the swimming crab
during calcification process. 3)SDH activity in hepatic tissue of P. trituberculatus in the all treatments was
found to be gradually increased within 16h after molting,indicating that a gradual strengthening of the citric
acid cycle in the liver during calcification process. In addition, SDH dynamics was found to be peaked in
muscular and branchial tissues of crab occurring within 8h after molting in the all treatments. The activity of
SDH at low temperature (18 C ) was significantly lower than that at high temperature (26 C ). The statistics
described above showed an aerobic strengthening in musclar and branchial tissues of P. trituberculatus at
high temperature compared to the low temperature. In summary, glycolysis process under low temperature
conditions did not change significantly , while the citric acid cycle had been significantly weakened during the
calcification process. The activity of SDH in muscle and branchial tissues of P. trituberculatus at lower
temperature was significantly lower than that at higher temperature, indicating that lower temperature can
indeed extend the time of its soft-shell stage after molting.

Key words: Portunus trituberculatus; calcification process; hexokinase ( HK) ; pyruvate kinase ( PK) ;
succinate dehydrogenase( SDH)
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