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The studies on the development and exocytosis of the ring-shaped granules during
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Abstract The development and exocytosis of the ring-shaped granules(RG) during the process of fertilization membrane(FM)
formation in Scylla paramamosain were investigated by transmission electron microscope. The results are as follows: FM,

the second envelope between oocyte and chorin, formed during a complex cortical reation initiated after fertilization.The
cortical reation includes the successive exocytosis of two morphologically different granules. Firstly the dense granules
undergone exocytosis and formed a thin membrane.As followed that, RG undergone several rounds of massive and rapid
exocytosis, and the material from RG fused and formed a thick membrane.Every round of exocytosis of RG participated three
stages as the placid, the thickening and the swelling of FM.The development of RG happened both in the cortex and the nearby
endoplasm mainly at the thickening phase of FM. Numerous RG formed and shifted to the edge of plasm membrane to
participating FM formation by explosive exocytosis. Our study showed that the development of RG were closely connected with
two kinds of yolk granules and lipid drops, and mitochondria only appeared at cortex. So we inferred that there were maybe
two kinds of RG forming mechanics in cortex and endoplasm in S. paramamosain. Finally, FM was composed of the two
layers, and the newly formed plasma membrane became an inlaying membrane(the third envelope). The importance of yolk
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and lipid drops and RG in participating FM formation were discussed in the end of this paper.
Key words Scylla paramamosain; fertilization membrane; ring-shaped granules; exocytosis

52 & i (fertilization membrane, FM)/EHE 5 U0 8efil 5| & O+ K A2 B 2 IR LT TR BT, 0Bl 1k 2
KRR O0 T A& HEWEYFE L. FHEM/ET 2 H (Decopoda) FHSEEIAR LRI EI T
SRR, FEEPIEX LIRSS, RSB BIRNIR T T RS2 R B 1) 5
JEJIURL 0 SRJRRH 2 A2 12730, (L2 ORE BT BRAL A 4 1 22 I 830 1 A3 4

W IH B (Scylla paramamosain), BFRE 8, SEEMWGFELITEI, ROV EW S I ZE RN
552 R AT T8, A SZIGTE R A AL L L SRS R O B T NIRRT, B
T ik (ring-shaped granule, RG)MJKAFIHI:, BUEE. R A4 MR 102840, BLREAT T 30 ks
552 REETE BUMAE A, DA IR N HBAR BT 00 B8 52 R IS AL, £ 5 T2 B R sh W 2k
W, HAINE BRI N T E 1 M5 Fh ol R e R ah ok

1 MRERE

1.1 E¥ME

2002 £ 3—7 HAI 2003 & 3—7 H, WETTEBRATIHNEEELE, A& 8.0~10.0 cm, AT
10.0~12.0 cm, #A&JfifE 300~380 go BY L BEEE—MIHRAN S T 7700, &= T/KEHEFIBER.0 mX1.5 mX1.5
m), KAL 1 m, WEHEHE 2~4 cm 4000 . RAEHWTHIFREH TR, K 25.5~29.0C, #HE
25.5~26.5, % HZWEIEH FIGTF (Ruditapes philippinensis).
1.2 ERAZE

RSB BE = O, MHE N FLB T B2 R OF BN TS 1 & G e df b, A1 30~60 s HURE L 5% [ & &b
B, BUARE TR B, HIBCT Olympus- 112U 2D K 4R £ 48 DN-CAM ZEAT 15 44 W 22 fll 3
MR BN R T 2.5%% BT 1%k R WCE [ 5, ks RAIK, FEMIE 618 G, U1 THriE i 4l
-FERRA A E Ye s, TEM-100CX 35 H g &4 IE .

2 #R

MFNIRE, KZERMNMKEF NPT, FEdm i L0 1502 U1 B A 0 S0 Bk i
BB, RO N SRS T R S RS A, BRI REB(FML). %6 RG KE M, 15
FMRGE NS, H 0.05 pm 3% 0.15 um. RG BRI M i S ie T~ 22 A0, Jo JE 48 R Rt A8 45 7 2>
(B T-1) o #EHANT 4 RG KMt DU RLER-—RSZAR O BRI =% RG M4
2, HE FM MZiE. RG MM Z53] FM EEE 3 M B 2RSS, 35 E Rz B (R
1.
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Tab.1 The exocytosis process of ring-shaped granules in S. paramamosain

BB FERHE IR0k ks B SR R 5B fum
stage main traits RG mitochondria cortex width of FM
o FM1 5 PM %4, KENEbREES  KEEEERZ—4 SR YH. LTEH 015
theplacid  Pp Py, RGE K fi#, JC YL, Fm#i
phase ot i

WEM RG REMM, UIA RRAYGESEGE  EEIRRNS KEYL. YH. L 0.15~02
the BRFSHE RG MEAIR k. ARETORE A, WARUATE  (EREIER, Fm
thickening  pp, i 5 CHOFBEIRIE R BERGH W%

phase ik

ZE T RGiF1bfunt, SRR EHEWN, WEH LS PMiT YL FEAESR, A 0.2~0.3
the it Py B B HOBESK 5%, 25 PMIE  HAEM YH. L 0.3~0.14

swelling  pM1, FM Ik RAMEE EVRNR, FmFEgE

phase o 53

T RGRAIEMRL; PM RIS FPRORTEIRRIEL; YH SRR T LIRS YL R (R LN BMIRL; L 2R AENI; Fm R
BRI FM1 o B FM RoR 2RI .

Notes: RG. ring-shaped granule; PM.plasm membrane; FP.finger protuberance; YH.high yolk granule; YL.low yolk granule; L.lipid
drop;Fm.flocculent material;FM1. early-formed fertilization membrane; FM. fertilization membrane.

2.1 SRENFEH

% RG WIMnE 52 5, FMORE G E 2 0.15 um /24, FM 538005 S4, AT 8950 & B 475
AR NIRRT OIS I ZORY R R 5, IR Z B FE RN AXER, 08
IEFEA R I RE R A AT ORI AT, A 2 AT E I T B, REME R R HERELE L (K
B I-1) o B ENRAD IS RG, RADEMHFEIRARIEEER: ZURY SR HE, Al
B — ZH ORI, JE W shEwnEst —ke, BRMRERGEAEN (BRIT-2) .

2.2 ZREEMIBER

WS RG BB, JFih 7T X —frint (BAR I -3~4) . RG HEEMnk H i, Hab
MES B0 A&, T XA R T 2 PR R, FRR oS W 2t g N ORI B, 3 R B2 1 X3
WEIE IR HEANRE R, 25 FM B (B T -4) o RG HIAMERI Y & Bk, DA FR IR 2 #6
SEXEREEER) CEIRR 1 -3) o RG FAFRIR ISR I 8 &5 0 I BT AR 2 ZUIRYDSL, e ATT32E N B JE Bt /s X2 s
W, LRI LRV SRR 2 %, 5B ERNER ETFRAUKS BN, S5
G BRIZ K, EEAR N 0.40 um A4 (R T -3~4) &

DA () 7 A B R DL R R, R AR AR IE R B B (AR T -5~8) 5 A HL T B B 7
KB HT AR K, B B AEOT R e (ERR T -5~6) 5 1y H 7 25 B O o ks 1 2 MO
it V& H 26 B e R R TR AR /N (B T -7~8) 5 il A o0 /N g i o bRt va i, RN IR
ZURYI R T UL SRS AR A R 2 55 % RG, 55 kiR (EART-7~8)

R, FEiE R RN IEERERKER RG. RG IR EEG R TR 1 X 35 59 8% F1 H 4
R 2R R %, REDCEIEEMIIET, 2RV RERBE 7% & /NI, Nk 8] & &
TR K P RIORE ,  ER T3 o 3R 8 S50 A 0N 55 300 HA B0 P 735 BEAIR 1 25 1 X8, s — BBl s SR AR 1)
o, BT A T R BT A, ARG BB KN RG (R IT-1~2) ; ARIXE IR E D946, 1IEEE
fife = AL U B R BB S ), e L T T DR SRR A R K B BRI R 2, TR TSR R, JFIZ AR
B RG (B IT-3~4) « FEIEEZEFW T ERA RILER kS5 RG MIERGEFE.

KEFHEHA RG WAL R 5, Kok 5mE 2, HENOEE BN RG AR R £, A R



4 K= 2R

BEZRK B 0.6~0.7 wmo B 5T A I 2RO Rk D i AR F i, (H K I BRI R 21 2 2 R il /N iR, =
SRR, WREREDRRFAESAXE, BEATE2RYENESR, HS5RANE—FZS 55 RER
TERAUE S s 1 H 75 5 ORI AR U R RN, A EAR R R 2~3 um (R 1 -7~8) - FMJE
AR, SRR E AN B, R TR O S UK RN IR i 4k SRR VA, R TR R B R AR 2
2|, 2RV (B I-5~6) .
2.3 ZREEM 2R

RG Mt SOZHEa T M, FRRFEMWAR D SEH RG 1N &P AR IR S 7% AR I
BT e R FM, A5 B R R (1 0.15 pm B8 & 0.25 um)HFIFEEREE,  OF R R 9 R
A/, FM 53 BB B4 ARk S (RIRIL-7) o Fr—# M ESE FM 5 RS2SR, A1
BT R A 58 A A i s PR R IR S R . B S O R R B SRR AR A R, RS R FM A
FM 58425, UIFEBIHEZE 2.0~3.6 um, FM S5 KM EA /N, HORBEET. HFE OB,
R, BUJUNRIREE R . B i 1) 2R i B LGB 51 0 A, O SEOR 0 0 AR L 1R], 1R
D ILEI LR (AR IT-8)

31t

3.1 RGHAE

B R ZRRL ) A, B, B2, PIRSRAIFLE, I8 5 & R SRR A i 3L R 2 5
TERHIBY, SRT, FR RS R R RO TR LA R AR R, H RUAE SGHRIE 2 ZE R E RG FIRAE, 1M
HANAE - BYE 8, (Carcinus maenas) BVRVBUE LER (Sicyonia ingentis) o F7CH 1 24 BN 1 14 57
AN A E RG, HENDEEON TR A FEH O RIER, WimrE FM R ailY; X5 e ok 5 1
(Eriocheir sinensis) VIS @EEEBAHAL, MEBCHE B IR, RG ATEHEINEM 30 min L, ZHE
B M BEEY)R (cisternal elements) A MK fEMCE#EF, RG 78 FM FIE AN S 12
ik — EAEAWE G, W H Y LG R e s R A — . 7BV EE, RG EEMAIN 52
RN R B R, SRIET WM, T3 s R 2R 2 50, M 8 BE TG P 5 G e R AR )
25, RG MTERE S P SO AT DL S 2R AR VIR G . 75 FM TR RO FE A, 520 B9 A [8] 1 P9 )5t
Hh B SRR AT i R AR A S B> IR RN R AR, (H& A RG B £ XEUE S K E M A H, I
B R 2 RN JEIZVEAT . AR RG ORERGT R 2 K i 2 5 Mt (7] A K& 5 01 38 BORLAN g i 1
B e Z A e RG SLEPZ 5 it o T B9 S5 R0RE AT i i DA e SRR B R inf — A2 56 B RG 2R
FOd R . KB 5P R RURLAN i R VI A, 0 I I F % 52 9 0K B A1V i i 2R B T 9 B, 1
JUE 5 ¥ e /N M T AR T U 0 3 BEOPE 2R 8], A B T 2R o % 2R R 55 R e (/N RIORE,  /NFIORE S
WA BCKIERL, 55 ZN A2 — T A RG. i HL %5 B O 3 J0RL 11 A AN DT 7 ¥ 2 B3O, T
Aen] LA ZORY) i (% AR RS, A2 Y5 RG BI& . (RHET% E ORI 2R i 5 RG
WEMIR EZH Sy, T H AT B HEFETN; T RG MM 2 FELA R A TR & E T
B RE YRR, IR EEHA Rt — P RUESL . AWFIERKIN, EZAE NN A R RG A2 H AR ke IIE: R
RBIAEAE, AR E & R —e bk, nReiRal$gtaeEmndE RG &M AIEH . RG 1
B AEPL T B2 R O I K R A R R AFE B AR BN, A fridt— P I0E .

B KT FORL I A AR A S B AT R R FL R HLER AR 2B RrR AN FE 0 R . 7R FLE ) IR 1 ) )=
WUk R DR S A BRI . R AR, TR A S A ig S R e 2 B R, X
D5 T A LD o B L OVRE B N R R R — R N S, N EKAEO . MR KR 2 S,
TSR EEMEM . Pillai VB RO AL T BF R Z RN I R AR5y, LR EATS B X FM
e Az A RIEH . &5 FEEREEMLE 12 B 2 R T, 4 ses s
N AR B W) B E ROk kAR I TR AR ML DL A FM BT B L )
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32 RGHRMHEZBENFK

ARG, R ERR RS RS, SRR ERORR A A E AR, RZTE R FM. Jant ] BLay
DR R B e e R ] BT M P MO 2 H000E B RS ORI L T U TS A, A2 A A B R R
AT, HREG R Cat NIRA K. BT B SO T RS PR E R, RISCE BRI RG.
BRI BLEE, AR AR 46 Bk T e FM, X 5 s i AR B R R R I B 4 L
W, TAESEM RIS (Homarus americanus) TR RIS (H. gammarus) AR ¥ 57 2 W A 7E DU AP R 2
WKL, EATTAH 4R B L pl FMIBY, 300 IR 0 ORI B 1 S T R FM B 4h— 2, 2 )5 RG 48 “18
KYE” )RR, WERA R FM. RG Aol f2 5% £ BE A B R IR e . 22 N 1 i i i An
YU ZURYI I HE N ORI PR, 5 R R M0k N S R G . DR, PR R J2 UL DL A B 5 BN e SR R S A S
1 FM I e

AW, EMCEE FM F(EBGI Y, RG FHERM A, ot fi FM s [E A
FE 0.1 um 245 . HADF 523 R HRkE — ol g RG —IRE L, RA7ES@EE a3 RG
MIEE— XM TE B FM B AN E, G TH RG IR RES: 7 AN Z /a0, HEDN RG A M i 78 38 3 Vi 18
ANIE 1 e BeAh, WIRTE#E RG 1 ik F5 rb R 30K B 1) A =) 3 B v 7 RIDRE R AR M g je b, 4
RG i n: AX A7 B U6 H IR 8 S 4 O INE, 2 At Bt B 2 53 B J2 IR RE AT o 7 vk ) 224 %) b 7
B, Zekifk I 2k ae b . 2k i S AL IR A& L ATP, AR aris ahie b e . R,
WANHFEE RG Mt 2 — NS5LRAEANESMEVMHCKFEETE. £KEXNIF (Penaeus
penicillatus) % (Limulus polyphemus) MMt 152k U1 57 o7 bt % I Ax 2 1 2 R A4 55 AR i B e 112130
CAFE B ST AE B 0 L3040 B 2 ks ) AL 5 Ca %, Ca® T & 5 K B 2 I BE (1) R AR 4151, 2 i fk
ANEA DR N i A7 as Uo7, @ — Phnl Rk L (5 5 (O 40 B A, RS 1 8 45 40 B o o oA BE 4 S
VL SR i e R SR EEAE AR, BVEE RG Mk FE b ki kbR TR T R e E, &
Ca* 7t =i L AREL R, RG 25t (i R ALE aofr, &5A fedt— DA .
3.3 EMNANERS ZEENER

YN RN T 107 A B BEAH ML () 2 BOE RN, EAESZ RS IR K B PR AR . (R, IREHAR
AT S E OFRESH B rh O S ORLAD TR R AT R, A SR EAIE FM EBOSERE R A AER,, fE T2 H 7R
ARG IRIE . AT FEAESL ) E B o R I OP B UL AT S 7E FM. IR BN i A2 rh AL o5 JE S EE Y
YEM .

B, UNIEAREN LS MAFEK TS5 FM B, RSB0 AR A WA #E HFTE 8 RG, RG
T e N E VNSRB[RI, 7R M R DUARR SRR 1 7 0K 5 5w 1R I 7 VR R 2R A o 1
BAEMEERSY, REMERANNER, 5 RG WA EY—RIEMHEES, ff FMAEYE. X0 Fee
B2 E FM RN B BE R &AL . A D5 & E B I B G 0 i 2D B HE T2 5 FML (1)
TR PRI, OF S RORL AN IR A2 400 B8 FML I e 3 S (1) dpe 2R IE A ot

Hk,  BREFR I FM B 2SR REAG A2 AE o« B e a4 1) B 2o RORL A T 05 7 A7 25 P IR 20 2 0% %
HEBER . B NS O B N S S G 2 20, BT LASER OIS KRR BT,
IR FER UK 73 S 2 FM 258 [FIIS 9& b od S8 Ak ol (0 R A4S FMIZ AL, 1X 5 rh el 2
BEARAALT,

A, BEEE AR NI E FM BN TE Ot #2 i oy A B S AR R (5 5%, W Re B 1 ZRhifk i 4y
FERN A Kl 75 (1B TR
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PR T 07 B S2 RS IR piaed e v BT B0 F) 2 2 15 e
LSRG G, 7R REARRALERE A X 15 0005 22451 G2 0), oRIMFEBRLAT IR ZUIRY B B BHERE( 1) ><40 0005 3.3
FEBLY SR, R FIEBRLAITR IGE X 40 0005 4. STAG UG EHI, R Mk AR IR, SRR IGEAETE R X 40 000; 5. ZAEH
AW, RARR . LRI AR, IEAEVEMRN YL(1) X 150005 6. SZAEHE I, TRIFFEBURL I BRI it , 22k A DL & K = b
HZURYIB X 17 000: 7. AGRBGJEI, JR IEAEWEMRKIIERG . R YH. SO0k BLKE B b R BRL X 15 000; 8. SZAE IS IE I, 7R
IEEE MR IR AL YH( 1), MZKLEX 15000, CH.5ER; FPASIRFGE; PS.UNFKE: RGLMEBKIATA: LE SR M.ZH
. TR

Plate I The studies on the development and exocytosis of the ring-shaped granules during fertilization membrane formation in S. paramamosain

1. at the placid phage of FM, shows many mitochondria assemble denselyx15 000; 2. at the placid phage of FM, shows RG1, flocculent
material, arrow indicates thin membrane is forming x40 000; 3. at the beginning of thickening phage of FM,shows RG and finger
protuberancex40 000; 4. at the beginning of thickening phage of FM, shows exocytosis of dissolving lipid drops and forming of finger
protuberance x40 000; 5. at the thickening phage of FM, shows lipid drops, mitochondria, and RG, arrow indicates YL is dissolving
x15000; 6. at the thickening phage of FM, shows forming and exocytosis of RG, mitochondria, and massive yolk flocculent material x17
000; 7. at the thickening phage of FM, shows the dissolving lipid drops, mitochondria, and the forming RG x15 000; 8.at the thickening
phage of FM, shows the dissolving lipid drops and YH, and mitochondriax15 000. CH. chorin; FP. finger protuberance; PS. perivitelline
space; RGl1. pre-ring-shaped granule; LF. lipid fluid; M. mitochondria, the same below
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Pl IT 007 8 S2 R I Fi it 7 o BT IR FR) 2 2 5 g
L SZHEHRAG R, ORSEIE B2 W BURRE YL E i, S 5B RRIKIE R X8 0005 2. 2RI, x5l K2 WSV g i AR &
SR ZCRIR, 2 5INERWRLAIIZIK X 10 0005 3. ARG B, JR5EI0 KR A BT IEAE IR I i) DR ORI R B IR, 2 5 3R TR ORI A 74
FITERE X 10 0005 4. SZREREIEE I, 7R 503 B2 ORI IR 20 /IR, SR SR BURMIB G, 2 5 ST 0K R AR BT X 6 000
5. ZAENRIG RN, ORAEEAER YH MR, DLRSRBBRLRIE L X 12 0005 6. ZAF RS S, o< YH, DASKERR X 15 000;
7. ZAFNRASE A, RO B A SR>, YH R RS AR X 15 0005 8. RG], RRAEIRE S LB A () X8 000

Plate Il The studies on the development and exocytosis of the ring-shaped granules during fertilization membrane formation in S. paramamosain

1. at the thickening phage of FM, shows the dissolving of massive YL, which attending to form RG in the endoplasm near cortex x8
000; 2. at the thickening phage of FM, shows lipid drops and massive flocculent material, which attending to form RG in the endoplasm
near cortex x10 000; 3. at the thickening phage of FM, shows the dissolving of yolk and massive lipid drops, which attending to form
RGI1 in the endoplasm near cortex x10 000; 4. at the thickening phage of FM, shows sparse flocculent material, and large lipid drops
resolving into little ones, which attending to form RG1 in the endoplasm near cortex x6 000; 5. at the end of thickening phage of
FM, shows the dissolving of YH and lipid drops, which attending to form RG x12 000; 6. at the end of thickening phage of FM, shows
YH and massive lipid dropsx15 000; 7. at the beginning of swelling phage of FM, shows a few inclusions in the perivitelline space, YH
and lipid drops both resolving quickly x15 000; 8. at the swelling phage of FM, shows space in coalescence of FM x8 000
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