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X&iA B, RE, B,
mESEE Q6

XU5E DU B R i 0 &y A vt 300 30 38 35 ) T 5 B B
UK, T4 S R A Y 5 1B i F L & (Lane
et al, 2000; Luna-Gonzalez et al, 2002; Ringwood,
1992). A LH 8 AT 2 I 28 IR A A 4l 42 158 B 1 37
B, RS T HMHNRER, HEFHIEYR
B 5 PR IG R4l BRI A TR T, 1 BRI 9 AL R
REK. $hRKBIET, A DRERAEERE KL
Bk (Robert et al, 1996; Sugumar et al, 1998), K T 12
= B RP BUTE R, WK BRI B 4 SR B E Y
A TE B RIS NPT B 4 5 89 93 35 R B (Robert et al,
1999; Torkildsen et al, 2002), {B%} 012 % & FA1 18 1]
I FNHETI TR AE YRR Y AL A0 B A EE/D . Elston
% (1980)H KR E T 4L 45 Crassostrea virginica 4l B {&
BEA R ERMEA T EAEE S, Rudneva(1999)
RIB T VAW Mytilus galloprovincialis %2 /GF Y
AT RHFEE ALY RS, Luna-Gonzalez %
(2003, 2004)R FH A Ak J7 6 X RSP 4L 5 45 e DL
REH R R ik o 8 By LB A 2R OK R AR

Yo, RUERRE RUEFRE

EMEEET TR BRIEHERF(EC3.1.3.2 ACP)RBE
BEFREE(EC3.1.3.1 AKPYTEM MM Bk A&
2 1€ [ (Pipe, 1999; #h R 1L%, 2002). A KGN
(Mytilus edulis)iRRaF1% 31 ACP 1 AKP JE YRR R
R IWIRIE  VEE R AL L E B ARG
WG B B4 B Y ACP F AKP TG HEREAT 158 1 A
BB, DUHA IR & B 5 B A AL & B
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SEHT 2006 4 3 17, WL (Mytilus edulis)
WFEE KBTS, T 55—60mm, ERNFETFR
SEKIEF S BACHIR AR E TRNENEK, &BEF
A 31.36, pH 8.0: /NEREMRERSHRWE, KBRS
HICREHE 15C, BRABABL 1°C. LKA
B-HMBERRMNII A Sigma A7, HARAM HE™
SRR
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121 MEAGFISIRAIRER  HREIUKEAZE 15C
B, BlEKRBREEN 50 B, BHENHETRTE
30min, FAGTIE T HE A, EEWEE N
BB, RIS FER T XPAR, K,
HEEN A FEE . BUEBRBMA S, Kok, oY
BIRE, ZHERELLE, MAFEK, B
3K, B 30—50min, BUHEAE B IEE T 0L, IdRH
BB IEERME A B RIEHBIRES, &
HIEUEE S0—100 %1, H#EWH . BRI D M Em &AL &
), BRI B B B WA SE, 3000r/min #.0
10min, 21 RAWRBERF . BAWABEZET T4,
2.5% % _ B B E 30min. 7 aAIEER 0T . RN,
16 diMIHIARRG . B, B . R4 8 D B
f4hd PRSI 25N 514, 10000/min B0 10 min,
B R LE, B R TEIE 8N E
B ACTHERAED 1h,

122 H8U4L¥  ACP Ml AKP W b2 BR Y
FH Gomori K& B IITE R (FER B, 2001), BHE
¥k B~ ACP, [E5E G FIA B 50mmol/L pH 5.0 #9ES
FRZEMBUFYE 3 K, BK 15Smin, WERHHE Lh,
B, A O 1%BALE RN 1min, 55K R
AKP, 1ERHK H#E 60min 5, FHA 0.05mol/L #9¥
f1 Pb(Nos), T 4b¥8 10min, ZEEK mhik, F 1%L E
RV lmine ¥R AIIRY B - T B =
FxtiR, BKEHEREE R, BENEHEE.
123 HfLllE  ACP M AKP B4 AL E ¥R
Bl % ik (4R %, 1996), ACP I Fi5E: 1ml
pH 4.9 0.2mol/L #riMRZE shilk tH AN A 0.1ml R ihy, &
37CKBH Smin, MAFERZE 37CHERE
0.0l mol/LBEMRE — 8 1ml, 1R5], B 37CKIEHERE
J8 30min, N ABMEIE W (4.2 NaHCO; #10.1g 4- & %
LR AREE A 100m] XZEKH, LA 100ml 0.5mol/L
NaOH, iB%47)2ml, FEINA 8 FALH B (0.25g B
LM 1.7g R &E A Soml DEKE, 2 BiIR
E)3ml X BB R G AR . S10nm T ekl #&
My T ERAEMZ ST ABE. HZ 0.1mol/L HALH
A% 0 AV T SRR R TR AR E M R B T R B AR ME VR R
BRESEER SRR EML. BIETRONE
L U mg BEAE min P4 lpg BMTEENBE
Ve g —ABEIE JI 307 . AKP 3% FTAYINE . 1ml pH 10
0.1mol/L BkFRER % whil P M AFE S 0.1ml, & 37°CK
% Smin, AR £ 37°CH 0.01mol/L BEFE A 8K

Iml, B5), & 37°C/KBMEREE 1Smin, MALKH
LW 3ml, 510nm TR IKE. F5 ACP &
ST 2 AR R B AR A WO R SRR A B AT
Rk . BEHTS 7RI E L5 ACP 3 S E A )
EHAENNETA Folin-BHt g, UEmEEN
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GERBRMIERE] D B &4 A EHAR
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hy, BRI BRI R ERN B, EL®TEN
WEARE, A ENRS T RERAZSEER
BREE 11); B IRBIIE & ACP BHME B0RL 7 55 40 Ml
SEARARRT BRI ), AZE A R AL PN J2 0 MO PE A R R —
o 1), HRA RPN ACP FHEFR RS
(& 1k); D BT £ 4 th ACP PR Uk: 75 402 B0 oy
P& o fi, T RFEFTRRE L E 1),
2.2 AKPHIALLFEFEMN

LR E RN HME D B4R & A
2 AKP BHPER N, PHMES N A 24 KA. TP
i AKP PHPEEOR 5], Wik, BIX R
BH(K 2a); R R X I AKP HIE Bk R £, 4
P E 0 (F 2b): 2 4 1A -0 M R A IR,
Hp R UBRNEERLH AKP PR R, Bk
/(B 2, d); 8. 16 1 32 4B IX 2 AKP i
FHME, MM A X B HME(E 2e. £, g): R
BAMKZX AKP BHYEhSsR, T X BE
AR 3% 3R (] 2h). 2R AR S 9 BT b R KU
Ok, MR TR A — M AKP FHM: 458 (¥
2i), IR ST N2 A AKP BH I B 8
ZeE(F 25, k); D B &40 MMM &R W
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TATIGRAEML . SEREOR . URBUMIACAR . AR . B
BE. W4 AEE D R &L ACP 1Ak
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&, #(9.76 +0.52)U/mg prot. BIZKE/G ACP i 18]
BERE, RTEWH 2 L. RRBIIKG ACP IE )
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Fig.1
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Histochemical localization of ACP of M. edulis in early development stage
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Fig.2 Histochemical localization of AKP of M. edulis in early development stage
a. GOAINE: b 2SO0 ¢ 2 ARMEHA; d. 4 ARNTI; e 8 AEIRRHA; £ 16 AR g 32 MM h RARAR: i BAE
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48 i ACP 3 S/ Akl g5 LI 3 i &l 3 AT LAF
H, GI4HRE AKP IS &K, MEREBIE B LR
Bo MU AKP & @ TOR4iMe, ERER /DN,
EAMAG AKP 18 1RGO R R . AR FIR
Bt AKP & B HFH— N E B HHEERE N, HiR
il AKP W& AR S, AFIGR A MRy 2.7 15, R
) 1.6 5. D BVE &Y AL AKP & 5 A B AYER
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ACP #1 AKP [TIZ53 i TR, A XK
DN 2 HEHREAARDIRE, ACP FRENM TH
AN RS, REMEMRER, £0RERH
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Fig.3 Activity of ACP and AKP of M. edulis in early development stage
1. BN, 2. ZAEGR, 3. SN, 4. WK, 5. IR, 6. #HE4h A, 7. D BE AL &

B ENEKZTAEDHFEAER A X (Beedham,
1958), Cheng(1992)if tA N B BR B T 1 i Bl A 4 3
HMEEH, MRERCH, EREZNER, Nimm
HEWARM BTN YRR ERE, FikEl2%k
M GBI  RIEEERER. B XN ML S
ACP #1 AKP Wi 5 #R1E %/ . Dyrynda % (1995)F i
B G SER s OL 48 4l ORI A% 4 A B R A A
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AT b Rl — R B4 06 DL AR S )y vk R A
AMIPAAEE D ME RGBS EFRPINE ACP,
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ACP WA E& BTG I T Bk,
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P, A DX SR A 4 L 52 595 PR A B, A AL I e iE
5T ACP WI7£7E. Luna-Gonzalez % (2004)t 4 1k
T 28 5 E S A 5 L5 4 A T R4 A FEAE ACP,
BB RN ACP WAL BTG ¥ Wkl
BN ACP FHYE4NAE, R4 R4 B G Rimg S
T4, HREARFEAKET . Murdoch %(1988)
XL B Spisula solidissima Rl AKP B} (8] #0123 8] ()
REMAFTRA, AELHLEMNER AKP DR
R MR, AR PHUMEE T HUKEN .

Y& FE A0 53 v 1F WL 2R B B 40 M 32 4 5 L H R I
J5 3 ACP #1 AKP 7E55 1~ 43 24 3R ) 40 M 4% IX 38 B %
5%, MEWTATRESIG I RRITHE T ACP I AKP 2R HIR
i, T 40 AR R B P R RO R T, B SR

K& mRNA 7 B MRS R R B AT B, &
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SR B IRZHEIN ACP F1 AKP 7% 178 FO4M, ok
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Murdoch £5(1988)7E 3L B #4158 B ) M 2K SR B 4B 58 40
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TGN EA B IR AR B g, [T RE S MR DR
FRTE BRI E X, WAL MR A £ T 90 A
BRI, MBS/ R M, FEMPREEHE T ACP
HEMFRE, AKP EHEHERLHM D BELL S
BAEBKRHES, 5 Murdoch %(1988)7E LB #4155
M4 R AKP & N RERBE NS RN, HE
K AT BB 5 4h A A KRR 52 8 B LA X (Beedham,
1958).

Dyrynda %5(1995)5.%5 T G LA H P4 HAY
fa ERFEPLH, ANRBEWNT 4N FE: b FEwg
MR ERIER, BEMERMEDEE, HRERA
TEGRETEYE, RERBEERSLENH. 534
FEA LG — H K A B M ALE, (52 H ik B
HER—FRMEL, —BEE RGBTSR
S YIE B A B0 6K R AR T B B 7R
(Lindquist, 2002), Xt 1328 % 51 F By # & 4 (Rud-
neva, 1999 REF IF— 4, HHb, FHEZAME.
PELRS ., BRBLUSMIE KR E0BSd
BFAFOiREMARI S, 7£LEHSY B
HESR P REEEMNEER. FESY . By
MRS RETERMEWR A, T,
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ACID AND ALKALINE PHOSPHATASE ACTIVITY IN MUSSEL MYTILUS
EDULIS IN EARLY DEVELOPMENT STAGE

SUN Hu-Shan, WANG Yi-Yan, LIANG Jian-Guang, RAN Zhen, ZENG Peng, HAN Qiang
(College of Life Science, Ludong University, Yantai, 264025)

Abstract At present, mollusk immunity for adult animals has been extensively investigated; however, very little is
known on the defense mechanisms in early life stages of mollusk. Therefore, acid phosphatase (ACP) and alkaline phos-
phatase (AKP) in oocyte, embryo, and early larva of mussel Mytilus edulis were analyzed by histochemical localization and
spectrophotometric methods in this study.

The histochemical localization results show that both ACP and AKP presented positive reactions in oocyte, fertilized
egg, embryo, trochophore, and veliger larva of early stage. However, the reactions were weaker in oocyte, the region of
nucleus, than in cytoplasm; the positive granules in cytoplasm distributed evenly in bigger size than those in other stages.
The positive reaction of ACP in fertilized egg was more intensive than in oocyte; the AKP positive granules in the central
region of fertilized egg were larger than those in the surface layer. In cleavage stage, the region of nucleus presented strong
positive ACP and AKP reactions, and the positive granules in blastomere were bigger in size and quantity than those of the
other. In gastrula and trochophore, the positive ACP and AKP reactions were strong in the surface layer, and also strong in
early veliger larva, the margin of mantle, visceral mass, and basal portion of velum.

In addition, the ACP and AKP activities were found in ococyte, embryo and early larva by biochemical methods, in the
lowest leve] in oocyte among all the stages; and during the development stages followed, the enzyme activity levels in-
creased. The activity levels of ACP increased considerably after fertilization, and reached the highest level in the blastula
stage. AKP activity was at higher levels in cleavage, trochophore, and early veliger larva stages, highest in the early veliger
larva.

Therefore, ACP and AKP are active in the early life stages of mussel M. edulis but in significantly different activity
levels in different development stages. ACP and AKP may play an important role in preventing pathogens for mussel M.
edulis in embryo and early larva stages.

Key words Mytilus edulis, Development, Embryo, Larva, Acid phosphatase, Alkaline phosphatase



