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P PR B R T 7 TH B RO R AT RE R IR A2 g B
PRRYIER 23 25 5 20 MO A T 20 2, DR AR S G 4 2R
WRE Ny HE— PRI ER VB3 DL 28 = A iy 20 T HL R 2
PEILR TR

L BPRPRU i

1.1 ##

SCEGH 2 BRI (R 8~15 en) R H I G251
MR R B3k b5 Jo A5 1 1 47 B4 Ve T
G
1.2 ik
L2 MR IR Ak S MK Jyad U8 B AR K
(FhJE 32, /Kl 23~ 25°C) , ge W TE B4 B 34 IR OK VG
e RSB IE S TG e R DL SRS R A Bk BGE &
PERRBEAS , X7 WEME, BF e 53 DT IR BB, BN ¥ )
200 H gt I8 2L EraE 44, 5/ 500 B ffi4aad ik op
Ut 2~3 38, 121 50 min R Bk UL B R
[ 58 (OB A B3 I IR D IR & A AR BN 1
R 7 000~8 000 A~/mL M S Fi R HIBORE T
300 B4 U8 . 328 10 min A4y, BhEKE FI5 1M
WL T BT =1 G~ WIHBIHTZRE. B
IYIRE 5~10 min J5, 1 1 000 HIFH TN, LR ZR
KT Bk AR A BUE 0L
1.2.2 A A FABBIERE L TR RIEZAISR
PSSR AT AR IR 5 2B R 15 min; 5 BN
40 %0 ~50 %0 52K UF HH I A8 — AR AR A FHER 17 3
N A~18. 4 2 DEREBOL— R . IRERAL RIS e A
IR B SRHEAK (20 L /D gk se s R R RE A
E AT R S T 97 Ak S 18] 8 B ORI IR G R &
THOL HERE R DIBLR ., R F e R bR 80 %0
A ERZ A AR B ROREE R D 3 AIE, B
LT 4y 8 50 oAy
L2.3 sme il TR 8 R KAt =
PRI B AR BT AR X e B R B 8 1 b 7
ERFE L RE RN FE AR 43 ) Sy Y BRI (Pyruvate
kinase, PK) Na™-K"-ATP [ .4 B4 5 i (Glutamic
oxalacetic transaminase, GOT) Fl g 31 AL 58 J1 (To-
tal- antioxidant capacity, T-AOC), =¥ I8 7E &K &
P52 15 min J5 , AL 3 Bx B 272445 iy — 15
ST RV O, 5 — I A B AR K PR 1.5 h, 7
TR B OIORE . SE5% BT A2 15050 &543 551 : Bradford
EEWEW M & (R FEAEM, AR,
P0O006C) » P i R 8 A (1o B 7% . K 3k . BC0545),
Na®-K*™-ATP [ % PR a0 & (e s, B E,
BC0065) , 45 B % & Bl (GOT) 3 P 46 3 50) & (s 2
2. B3 F.BC1565) . HARN & I k2 UL 53417

I 7 D PR R G PR U X (R IR T TR O
(1) PK. AT LLfE b % % 05 25X 9 B 52 Fn ADP A: %,
ATP FIEAER . LB 6 A B F — 25 b NADH Fiy
M A LR Fi NAD,7E 340 nm Fill¢ NADH T
R, B a] sz i PKJ644 5 2 U4 10 mg 414V H &
43BPHFE 1 nmol NADH 5 SCh—ANEE 1 5,
(2)Na™-K"-ATPase: % REM /3 fF ATP /5 ADP
B TCAI R » A1 1 mT DA 3 0 5 TE WL 1 R i e ATP
BT . 8 AN R AU T Nat KT -ATP
figorfgt ATP 7= 1 pmol TEHLEE Y & — - EEE 77 4
i
(DT-AOC: FRPELM T WL Feo™ =g =y
W (Fe' -TPTZ) j= Az i 4 1) Fe** "TPTZ MY RE J1 Jx bt
THEPURMRE S . BRSSP EALRE T Lk B RIRE IR
HEEAME (AN BT bR e PR RN .
(DOGOT.: ZFE AT LI KT E R ol I R 1Y
IR AR R R BRI R R BRI R A
AR, REIER 0T 5 2, 4- Y33 M N A2 B 2, 4-
TRESEIR I FE B IR BT B AR L1, AT LA ] 45 e A R
GOT my3itt. & A /Nt 2 50 41 208 (4L =4
1 pmol W 1 &N —A4> GOT &1 54,

B U A b o R

Abs = 0.032 2+0.587 8 X Conc (H¢ JE BN N
mg/mL,R?*=0.992 7),

AL AT « BRI (Multiskan™ FC, Thermo Sci-
entific™, USA),

1.2.2 5 123 piyscmm s = MEY ¥ EL,
HMEYFESAE = MARER.
1.2.4 & ¥4H RA SPSS 19. 0 ZK k478085 40
P FCRTAEAS T K50 PR A (7] — 2 3800 S 2 32 W
FiASTR] AR AL B ER R —F AR 76 RO R 00 T B R Y 34
ERGAEREZRD, H AR R EA T
RrgaAE ot ik 25 B & B E N 0. 05, 5idE LIF
KB AR HER (Mean= SE) 5

2 gER

2.1 (REIF IS IFERZ T BT
ZRNAMBFFZEHEE 1 L EFHNE 1,
M2 1 g Rl A5, AR S TP R 1 R B R, X IR
19 h e 45 B3Nk DI & Hul i — M i &0 T OKii 20~
23 OO Fik D IR e [R]85 365 Oy 23 ~24 hU4 3 Al e
H TAS S 30 A AL K IR 3 5 (24 ~25 OO P8, [Rle S
AN TR ER AL BT 520 BN IR e & A (R B B9 53 i o AN
(D i, rad g s EE LR EER;
(2) VU 40 B A IR , AS IR AL PR B % 7 R H S
WiZ:32.18,16>14,12,10.8 =6 .4, YL AH Eh&F 18 A
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16 ALV G O R B A B MR S 8~ 14
X2 KO0 K B B BLASAE HRCR B IR E M E
FREEHE (REZE 0. 5 h 7 ) » TR JEE 4 1 6 X 3285 bR
KB W SHLASE RO 5 e IR R 2 1 h At (3)
TR AR A D IR &y B, 2R BE A RN 32,18,

161412 =>10.87>6>4, 1% 5 Z B HF 5 s th By 4k
FRaEAET A H DB R L A HESE T 4 h
PUE s AL R AR AR (<1020 , Ut B Bl 3h 2 A AL PR 2>
X} 528 B A R4k 28 s EE 1 BELAS

R1 AEABESEETKEHHRREE

Table 1 Embryonic development under different inducing salinities

Bt Stage
EhE
Sty g i BRI D 4
2 cell 4 cell Blastula Gastrula D-larvae
4 40 min 2 h 30 min~2 h 40 min 5 h 40 min 11 h 40 min 24 h
6 40 min 2 h~2 h 20 min 5 h 20 min~5 h 40 min 11 h~11 h 10 min 22 h 40 min
8 40 min 1 h 40 min~2 h 4 h 50 min~5 h 10 h 50 min~11 h 22 h
10 40 min 1 h 40 min~2 h 4 h 50 min~5 h 20 min 10 h 40 min~11 h 22 h
12 40 min 1 h 40 min~2 h 4 h 50 min~5 h 10 h 50 min 21h
14 40 min 1 h 40 min~1 h 50 min 4 h 50 min~5 h 10 h 30 min 21h
16 40 min 1 h 20 min~1 h 30 min 4 h 40 min 9h 19 h 40 min
18 40 min 1 h 20 min~1 h 30 min 4 h 30 min~4 h 50 min 8h 19 h 40 min
32 40 min 1 h 20 min~1 h 30 min 4 h 30 min~4 h 50 min 8h 19 h 20 min

R R E R R Z R F ERILRA S I E .

Note; Development time in table 1 was estimated value of three biological repeats.

2.2 RE B KEIFERESMHEER G mEW
RiEERTTHE I
2,21 AR A 15 min AW E 1.5 h j6 &APEEE L
BE ARG E A XHRER 5 T 15 min JEALBHA Fixt
WEZH 22 ] f) G 7O 2R AT H e, R e T IR Ah B X 2
G B0 A BV B 52 el 5 [RD R fh 2 08 AT A L P 4
(RAAA PR A BSRIBKIKE 1.5 h A4 . KA K
BHERLEEZS HBE 4~12 LA TC &7
TRRILE — MK B BGRB8 52 5504 6 0l 1o K
T St B FB 260 1] 9 TS 7T R IR 5 i T RS A8 Ak
FEUET IR B IR SR AE 1 B

B 1B, A3 15 min f5, PK f1 Na™-K*-
ATP BG5BT T-AOC i35 CHLk 2
WEARF,GOT T BB KA 1.5 h Z )5, b T-
AOC B, Fir A T IS 7K V78 AL 35 20 F100) B 2H 22 [A] '
TCRE LT, I Zat— B ] p9 K 2L B KRR E
FEAWK E FIEF B 7KF. 3 F T-AOC, A P4 5% 8
Y] B A AR 22 52 AH IR B R AR B K0T, gl T
AOC 7K 4948 % Jy H3E (S Fi CK 243 5120 < 0. 863 =
0.049,0. 976 0. 037) , X B AL PR T-AOC 7K V-7

1.5 h Pk B ad R rp kAR T IV, 8 W7 82 30 % IR 41K
2.2.2 FiAPERAE AL PR AT AL P R B KB R0 E ik
PRS2 R B9 AR R AR BB Y bt A AL RE
SRR B M R R, ARSI 430 L 3T AL B FA
XPHE Y, B3R 4 B gAY 35 PEAE AL B 15 min RRE
L5hERGAREER GRIE 2, NFR2PATFH
H L BT A AR CK-15 min 4970 CK-1. 5 h 41 W] 34 76 i
FHFEF(P=>0.05) , BEHIFEXT BEZH A3 4 A gAY BETE /K
W B R E T S 15 min ZHH1 S-1.5 h 44, Na™-
K*-ATP Bk F 23 EFH(P=0.032),PK 5 T-AOC
IRV Bk TR B B KO B T A R B KO
BIE (P (B 4F 3120 0. 057,0. 055) BLBHZE 25 2h )5, 1X
3 FER Y TE PR 5403 15 min B AH LR AR T B L
A5, HARFEAS IR S 2] 5% B AL A A, AR 7E 5 4R
WK 1.5 hJ5, R 4 BRI P 5 X B2 R] K
FREAR Y X5 2.2.1 PAREIAEE RS, i
ULEHL KA 1.5 h Z )5, BRIG 7KOF AR & 326G 00 &
BRENTFEREA,
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S-15 min
OCK-15min
BS-1.5h
[OCK-1.5h

(SREFEELAIRA , CKAFEISIRA 15 minAERAHEFIZEIES . 5 hAFRKEEIE ; S5 CKE—I T EMES 2 A A M EF I ER A B
P+0.05), EAAREFREERREEMP 0. O5"-FrRESKEEPV0. 01" S refers to the treatment group, CK refers to the control group. 15
min means to measure the enzyme activities right after hypotonic treatment 1. 5 h means to measure after recovering in normal sea water. Different let-

ters indicate significant differences in certain enzyme activities between S and CK groups at 15 min and 1 5h respectively (P+0. 05), - indicates the

verysignifican7diference (P%0.01".**

EI D SAEELS mmKRE L ShiEgE/KFRYEER:
Fig.1 Enzymeactivitiesafterhypotonictreatmentforl5minandrecoveryforl.5h

p=d

T

Table2 Pared-sampleTtestbetweenthecontrolandtreatmentgroup

@ Enzyme JAEEZH Treatment

S-15min S-1.5h
Na+-K+-ATP 0.59510.068 0.962+0.034
PK 0.551+0.061 1.144+0.124
T-AOC I.NO.ON 0.863+0.049
GOT 0.850+0.037 0.804+0.228

ESHREEIAEH  CKIAR IR AFZE = B3 (PV0.05"

P

0.032-

0.057
0.055
0.881

4H%I Group
YfHEZH Control

CK-15 min CK-1.5h P
0.969+0.077 0.913+0.117 0.672
0.863+0.037 1.008+0.114 0.201
0.896+0.021 0.976+0.037 0.095
0.958+0.032 0.684+0.148 0.234

Note S- treatment group CK- control group, - indicates the significant difference (P\V0.05).

Wie
3. ME&IFSXEWEAE e BRI

R TSR A BV EEIMNEN R Z —
ABHFEIUEIH SRR T 2 — AR AR R W5 <2 RS O A &6
JEBLAHHLS min fE15 S H A AN EN T =S
BHEHMAEL BFHEZIH » H¥25F SIANKMEE T

15" e BRI RIS S ER N 30, —HHIBTSEHEN R

3

B S R RS E N W LR = I RS FERE
EWH LR ERIRZ AT - FIN, R8255) 1)
WA BRI B ER E LOLL MW S AE ORI AR &,

MmAR g th ERE N A ER VB4 R b X ATRER
RA A B R] = AR ER AV RDEO R W B % B HYBE S
FEFFEEMEHY A SLIR (AR B S — R oy 2R NS 4))
T AR (A 15 min AY{ERERAAER R T R
IF TR i PRI SoF 52 RS ORI B AR RS2 A TR  EEAT,
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PRUE & S I R R LR R AR S 58
BUE 2 A D IE4h duX —Br B R s Eh X T =A%
A FRCRA BT 35 F Ay 26.30,34 Hi
38 B i R ERAEENE N 8 M MAEEEL AL 22 B, il i
FERFEE 65 [RlI BRSE ER B v (EREE Dy 38) I, DR
FUIEAL RIS T B, RN FEAS (R 86 B 1 3R A I X T
JEARER TS A W5 = 5K T AR B, B 78 43 7% 1 X Eh
X = ARG A RO R
3.2 RBFSMERABVHEELRN . AU M H S
EET R

TRERACAE T i AR 83 T 5 2 S A
TR M YERE, DS RE BT K8 W it 8 iE e
2R B 2317 A T I AR R AT 3 5 R e A
TS PR A D SR R I ( Pyruvate kinase, PK)
AT AEA R R R o AR T W B S — 2P N R TR A oL
R R A — T s 45 O S i (Glutamic oxa-
lacetic transaminase, GOT) A] DL fb ] i3 % 5 3 )e.
I » A SRR B s Na ™ KT -ATP §if (UK
ENSIFL , Sodium potassium pump) BEWEH FH ATP /K #&
HERBIRE Na©™ il KT (95 if% is , 4EFE e B8 Uk
FEB B VA P R A R R B A AL BE I (To-
tal antioxidant capacity, T-AOC) &7 & N2 & 20
Ji A & R AL 4 B R S Ak S A B BB LA K
- AT DASZ B 520K O 4 A R O

Az (K ERAS 15 min J5 AL IH4H DY BRI
P T 3 AT DR 4 T DLy e At
M O g 4 ATP B3t #8528 7 —E Wl ;
1M GOT JCi E 7B N BE] A B GOT MG Ay A LR
FRUHTA 52 30 12 35 52 55 el T30 28 1 AR it e 52
BHAE T4 o s B PR AR AL BB KT RIES BB A Ak fE
FICT-AOC) 7K VA 2 2 18 0 Tl 45 S e 1 1% 6 BR 5% %
DU iy AL 8 o ORG24 S A iy 24
e AR 53 55 B Wi 30 T8 BUERAR 25 55 52 BN SR A 5%
MU (A ATP 5 B2 LA B 52, R 3040 2457 1 AT
FEAE AR B I 32 R U0 RE R A A R AL
0 A e AR ER AL B AR = A5 R R E Z —.

KB M 1 Na™ 2 & 424Ny 4R Hr 4l
WB 35 VA, 8 W 7R 2 Na™ - KT -ATP B A9 4EH LU
Na™ [ 32 gh IR, B M2 B PR A A s T 327 5 SR i
BB IE 7 G HEEARB A T i 2Rt iE
B SR BB AL R B PR A A U AR OG . AR R
SFABELRN] 15 838 22 Na®-K*-ATP JHG Lkl
HREE TR A A A ST LR DL &) DL T R
o as BB n, Nat - KT -ATP [ 4975 1k b 5 £h B 9 7+
F AT E R s T A R 0 R I B &)y fa b T R AT A
M B, Fh AT H Na™ -K - ATP B 1 11y 52 mi 3

AR 0k T AL WG R B R 1 FLA e R A AR B
FM T 22 R HEMUOR, /TR S B Na™-K'-
ATP FEREERFEART 5 [7] ] BRI 7E R 6 2 5 ) 39 ik
ZIARMBIE T RS, X W AT g2 H Na'-K'-ATP
RS PEAE B Ml A1 A TR R I 2 —.

Fe N BIRIEKIKA 1.5 hJ5 3K 3 R /KP4
PR TR UL BT B IE AL B 525 B9 E & Q1
SRS 2 Y 5 WA R PR Y AT RE R
AR A R A EOR — R R IR R R 2 R
M EEAE R, AL P B CR k3 &
FRALPREXT SR B0 DNA 58 B LUE = R4 407 . i 2
RV SRl 7 v 7 A T Y B R 3 AT BE R R BN A
J T W AN vk A SRR —

BEAh s 57505 AR T U5 A QA X L
BRI B BE B K M R AR W TR R
TR Ay o3 fife LASR AL BU50 p RE 072 L [RIAk Gl aed it
GHEAT T LR /> 240 P9 7 AR R 1Y R FRAIR A
N BB T » DT XS SR TR ER BR800 . 5 R R
(GO AT LU A I 28 S L 2 e E 28 PR 2 e A
HEBWALRRM S —. ALK H, GOT &&=
— EUARR S AR 1 2 AR » U P I e B S A 1 ) A K
P 52 B4 AR RE A2 BELAY 2, 20 M 4L 0
ARJES I AR PR N B & T, L gERS 5
SNFBE EE-T . P5 PER A2 ORs BAE Dy — 1 LA A
PRI B3 2400 I 2R AR J 1 8 3 R 4 [
A ] R R A0 B (15 min) Af B 2 DL &5 32 K5 B
PRAM TR A (]S S LB I5 e A% fi SRR B Ay g R
PR A 8 22 1 A3 7 T O B 2 35 A LR .
IR ALK GOT — AR A4 7K AS RE 1 I 2 2R PR A
— B RA R A R TS A T BRI

4 i

ABEFEEE TR S0 KA = IR k F
FRISANIE » e FLATE S8 Al 0 B8 12 A3 A O Tl 6 P Ay 8
SRR R T2 EH NG X B TR %, 2
B DI R R RR Z 5L 1 4 h DL E s FE (R ER AL
PHATRE 2> T BRI 52 R U9 52 3™ 8 A A A e R AR
I HERE AN R 2B 4 52 B, X T B T Bk W 52 A
PG (A o3 B T 7 A =R R R 2 — . AR AT
RER AL HEFARE T V2L =5 R A ML R (i
T ZE A NG RERE AR S

SE Lk
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Effect of Hypotonic Induction on Embryonic Development., Energy Metabolism,

Oxidation Resistant and Osmoregulation in Pacific Oyster Crassostrea gigas
LI Yang-Chun, WANG Zhao-Ping. MA Pei-Zhen, ZHANG Xue-Kai, FAN Chao, CUI Yu-Ting
(The Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, Qingdac 266003, China)

Abstract: The embryonic development and activities of energy metabolism, oxidation resistance and

osmoregulation relevant enzymes of the Pacific oyster were investigated in this study to provide insights
into the impact of hyposaline triploid induction. After a 15 min hypotonic treatment, development of the
zygotes was significantly obstructed with the decreasing of salinity; the 4 treatment groups retarded at
least 3 h compared to the control. Besides, when treated at the low salinity of 8 for 15 minutes, the
activities of pyruvate kinase (PK) and Na™-K*-ATPase were significantly reduced and the total antioxi-
dant capacity (T-AOC) was markedly induced while no significant change was observed in glutamic oxa-
lacetic transaminase (GOT). These results indicated that hyposaline induction not only dramatically
affected the energy supply by glycometabolism, but also induced severe oxidative stress and disordered
osmotic regulation in zygotes of the Pacific oyster. After recovering in the natural seawater for 1. 5 h, all
of the three enzymes showed a significant tendency to return totheir normal levels, suggesting that these
changes didnot exert a longterm impact on the development of the embryos.

Key words: Crassostrea gigas; low salinity; triploid; embryo development; oxidation resistance; en-

ergy metabolism; osmoregulation
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