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ABSTRACT

Three fertilization envelopes (FE) have been observed after the artificial insemination of U. unicinctus

oocytes. The substances of the first fertilization envelope, which is an effective barrier against excessive sperm,

come mainly from the surface coat of the oocyte. The secretions of the cortical granules take part in formation

of the 2nd fertilization envelope. Histologically, the 3rd fertilization envelope is not amorphous as seen under

light microscope, but contains numerous particles under electron microscope, which would be contributed to

harden the envelope by 60 min after the fertilization. With the substantial similarity between the 1st

fertilization envelope and the surface coat of the oocyte, and the coincidence of retraction of microvilli and the

formation of the 1st fertilization envelope, it is suggested that the microvilli contain the sperm receptors in U.

unicinctus.

Some granular substances from the distal part of the acrosome diffuse on the surface coat of the oocyte

while the acrosomal tubules penetrate into the surface coat. The acrosomal tubules arise from the proximal part

of the acrosome and pass through the acrosomal lumen.
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& Osanai, 1980; Sato & Osanai, 1986), A 3}3=} Bz}
A Z38HA (Gold-Somero & Stephano, 1991; Giusti et
al, 1997) Wi Eez Axd v et ofx] Y
A 71EE AAEREHE o8 gl dom, ol o
A olg Sel= $hel Bejshe £ Bolgel Q
Qo] gl Ao dA 7 9=t

AFAA A Nk $AEFES T4R ol
A reidl vl sk e dRsh BAst AE
e 12k A AAEE Wgo 3= 23 A
3} (Epel & Vaquier, 1978; Monary & Rosati, 1983)2 2

FHE 4 ot Aoz AF G2 Wsle

= 2R 9)e] H3l(Eddy & Shapiro, 1976; Begg et al.,
1982), )2 #}3] (cortical granule)?] #¥] (Paul & Gold
-Somero, 1976; Epel & Vaquier, 1978), A& Z7} (Eddy
& Sapiro, 1976; Scheroder, 1979)2} 7} x4 3} (Linhart
& Kudo, 1997) o] B35 uv} Qle}. o] UL A}
AL 24 27 4 $he] dolum A Al o)
DA W, ) dske B ohieh AAs dA
o 247 Asagolshn T 4 2.5 (Tyler, 1965,
Iwamatsu & Ohta, 1978) ©|& QA3 A& AL
AAEHA He ¥ G S fEdhed #4E »
= ¢)v}(SeGall & Lennarz, 1979).

Z BolAd wE 4 271382 AR} IR
2HEAe Fxep 7o FAd oM o]Fex|
o] x| uk (Wyrick et al., 1974), 4271 oA B2
2 72 AR FA-dAY Hz: HFH
Ax 294 F7RG FRA XF Aoz
o2l o)fi: 919 F 5ol de= 7
-3z A& A ole] wE A¥xA, 1
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A28 MNE(U. unicinctus)?] FAE AMa2
AFAME £ 27E3elM 13} $A e
3, o) ¥ AAAY whgel &3 2,33 A
o] FAHE Aeo] ARG e 1 A wA§ R
AR 427 EASE Aoz 5 4 A
meid] 2 dFME AF o4 F o8 A+
At Ao wE BAA 7197 HAE L ol
d3g Tz Wl sled Bt} s olH§
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2 489 Aaqd NEE 34 44 Frld o
g As AR FAFE A7 i) i) YR
= Al7]el 19974 593} 69 Abole] 33 MAE &
Az Aol siet AE ZolA AT AL Ags
At mx AA F AFANM 15~17°CS) s
$A3 7 BFAE Hol® TFAY AT e A
231 A AT Aol AFR QA zE
A4 AL B4 A EAL ot A A
Wale) ALgsisint. o] S SR Heh2e Abgo]
Fe] ojg et AAFI e NE HE A9 i
o} dasl wasme Age] Tl folsich Ha
o davh de FEREE 2 A e AR
bR oFe 27t g AAZRE 3 15mle) o
2o}

0x

oA
2. A3

AR A2 P FaE milipore (045 pm)2 o}
& A sigel Adsted BT R sle BeEE A
Astgiet. AFRYAl A2 AP FANE
Tejste] A 22 QAN 2L AR D R
& Abgsheet _

Hazpe AAT A5 AR Yo nloks
T sss A& F YAo| AT BN AAle
slael F2A7)T 1 B9E FAT F AT
WAl olshel sel Aelshd Adshe WRbe
Qs T w4 dAH 100~ 150um)E D7) 9
s} “}d& = (nylon mesh, 100 um)ell 457 e
AR AMgslae) 3RS SAS) e WA
g A7) YA A4 Y= He ga
¥ 2%, 283 tha 3 exel 16°Ce) milli-
pore o3} ST Abgstedon, YAk H4=1:1002
2 345z, AR dA=1:5000) HEs 2P
o AT 44T F 10%0) Atshd FehdujAos
BET AR G F43) FasYenz H4
& masted BAel g ) Al AAskA
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Aol W AT AL BP0 Ao
gt s, A A Alas AHgsigsh

3. HxiEo|d A=A

425 3R+ Elison & Manes (1978)3 Gold-
Somero & Holland (1975)2] ¥ 318} 7to] A9 4
AHutog qlted mAe| ofige] sUdomz G
722 ez A

Az v} A APLS 27
ArghZg-0 (0.1 M, pH 74) 0.2 Mg 29% a2
of 12 A dlx, 108 o] TANRL wIslg]o
w 4°Ceoll A oF 14U7 AnAset e darst
Zdll AT 1% 2208 Aol 747k 2417
AY T 2 Aoz (A 23] $4 s}aiﬁ}
ol Ml dIE = s w4 1083
w3k o propylene oxidedt Epon 812 &31E-
A} 1587} 23] X33} 3 Epon 8129 xZujs}eict. v}
A (1 um)-2- toluidine blue= ¢4 8}91 1, 70~90 um
o] zubAd-2 uranyl acetate?} lead citrateo)] <45}
I JEOL 1010B M A}siu|A o2 §0KVa}o|A] #as}
At

J

TR
1. Hat§ioly E

HaoN WA AF NE A Her)t B2
AR em 2540l gort, 439 e U
sl 7 £E4e 2o

Al Al ARAEz EAsRe A Gl
A 235 A4 SAEe] e, i IR &

As3el weby A 4wt e Adew
HRFHAU Aol AHEE AL F2 dAae] A,
A3 2934 A Ae AHesdon H4a

of dg W= os AHsn dE %(nylon
mesh) 0.2 o 3}3le] 100pm o]4ke] A< FAkut AF
431} o] PAE9 Ml E2 1Y (invagination)s
3 &2 3}H¢] (indentation) ¥ o] gloL}, o] FA}e]
Uz s s dEFeldenz, f4z A
gted FHE 357 FAEE M

Qg4 287 SRl £AFE YA AL

2 N rl°

FATE #4358 Al AA
Pz sHoz ST AL F7sd £
¢ PAsgen, o 108 Foll £ 14~16um
o FAz wgEn +ANe $se Hos AR
H3de} (Fig. 1). 4 5~1087 47 Wids 2
7 8um® FA|7} FARY (Fig 2). I £ 9
Hojl= o A o] oFgl Aoz Be)=
o AAE & 5 U2 oF 308 Fol 2 = ¥

Ao grashe Zles A,
2. Mxtgoly @3

N e AF FAT F AN <
Fzo) Wstel Sauke] Y4, T Mz
Az o Fx W3E F2 JAINUG £AT F
AL AR Buldl @ 2 5o ztae) wATF
z W3te Yeoz 3 glom ny e 7as)
Fepaste Sulsm Yot

1) ol

NE wpATe GH 2 R £ 2~3um
2} Ao (perivitelline membrane)&- zHev} Gt
2 Z7 0.7um®] EZ(surface coat)¢} 1~2ume] $§
27} (perivielline space) .2 T2 £ it} v|4A]
o) F9gel 32 viwd AT YA EH=
HAH oy o] YA EAL] RxE iy
23 W, I va EAEA 2ok 253 b A
xut Ale]ql $]E+7} (perivitelline space) THAFE]
Az 253 aAFE(~2um=E 13}
FA LA g2 Aoz ¥l ny g
2 Iz gioznE Haloz AR EE3
w2 S0 229 A 239 Rz 22
g A 5L #ZE £ A AH 1~2umg] Ga
B 73] 9277 (cortical granule)-& A E
BZoM F=2 B 5 glon], Wy FAs Uy
o B g wez Eeixql Aoz I
T, & Az fRoME daes 2 23
o} FraAglc} (Fig. 3).
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AR 2N A4 FaE DAY 4+ g
43wz Re) Mzete shapels A wele
perinuclear thecasl] 98] HA)9} Hoz FEIc) 3
< AubRrl 48 F¥eln RAF22 EEsal
HAAE 49 o FYHM & 4 ik HA (500
nm X2 pum)E Fgol A7 200 nme] HA A 2
3 F REoR oA glor AHAH oz At
3y L oz {AIG(Fig 4). AAE FA el
A3 W2 HAE A AL vE e
YA AL ¥ 4 A9 Fig 5). FHE 74 E
F8 F2x v|EZ=eole} 7| 2 g FA4A
olm wleZeglole] A AeE #A (tubular
type)d]l Aoz HAF G FAAEL vlEZ=eo}
¢} #a}o]e] 7+A ¢l posterior nuclear fossa (300 X 580
x 600 nm)ei} A & 4= ¢} (Figs. 4, 5).

AR A FaelM #EE HAEE d3eA
1~28 7joa ofu] £4 5~6um2] 4o A
ot o] A Al o A B F
37 dy Aoz AAFgomz B dFdME
olg “1x} A oleln slgeh MBS HEF 434
2 P vAAYGe] FulH T o7 dAE AR
A PAS, DA AR e EulEe] Af-3tele w4
T3 A7} e § 12 SA%e Y 29
3 PAHAH o] i Aeldlnz, ol “23} AL
o2t shgiet (ot F=).

AA7E SRk ZAFE Az HAzEH oz HE
12} A 2 YA 2717 A4 (0.4 um) HA 2
Ad (F: 08 um)o] 12} AT 233} PHg. o
o JAE T B4 v £ Y o)
AL 7= Plz HA & 4 oA Sy HARA
I oz RE] A v]|AM AT (acrosomal tubule) ]
T AL B & S Fig 5). ol A
alAage) 7l2e A4 Wl Yakska qlet ol
AA wAcB AR 13+ e of
A 2 293 Axel weAA gekert A vl
£%8) 443 BLW F22 Hole 79 W4Tz
(02pum)7} #AR} (Fig. 5). A7 A& 1% 44
uhe] 93-E opzt §7IFHM BFEEn AN 7
T2 BolH, o|9] JlAAlElE FERE HolM HAZ
e fdFHE B4R Rl AR EA I =

& 38 gAEE e #2E £ o (Fig. 5).
(2) 12} 7=}

oA sk o) & AT 13k 2L Hrpd
A A% A e D=l Fdsr] AR 9
27} (perivitelline space)] W& FAFHE Gl
o 1A 4 GAAEE WASE A AwE
Ze Aoz FEHY o, B HAL Fol &
4 dgers, 2 AFdiE Hee) HelaA =x
2 J)wes Mol AA AE F YAHE T
5~6ums) Pe)ehg 13} sgukolakn shedon], 3
Sgugd 7z +47E Tz Aok (nE F
).

13 $ATE 22 0.5um)7 S35 Fohe
A= 3, 21 W 2t dAsA gL A
79 727 2988, (A ERE] S35 Fo|
B4Hoz BARUGFig 6). 14 44 mre
ujeAdd 2 (surface coat)?] YA} E-Ho] ghEe

2 HAbEAM HARE ez Bg 13 A9 ¥

A A A Re] NARYSL ¢ Mzl met
A8 A & 4 Ao} Fig. 6).
(3) 2%} 4=t

474 3~580E T By F27) 3 Az
w3} g5tsle] (Fig. 6), 1 H4EA o] 13 $4% &
o2 FuE: AL BIY 4 g (Fig. 7). od 1
A 4Rute o ST T2 2R o v
MGz wel 57 Foz FEE S 9l (Figs. 7,
9), o]¢} A FARE B AFNME HE 3% £
At YAt Bk 23} AP oletm Bt 2
A 2 Ao HE dAds 5 2¢ YA
(Fig. 9), o] 2& 2 dFo|ME M&e Hej4 ¥z
o duayy Wis gild 44 1~5%02 7
#314} g,

23} 4Auke] A 1,25 dolw waxe YA
4o Ax Pyl Arlmes JARE Hew B
Qeh A 122w Wer) B Heg o) A 2
22 Urt uo} ofsht wlwA Yo Zo|ch(Figs.
7,8,9). A 3%el e =7)9} Hehl A g &
b Bgslx] ¢e B4 FrEo HHY Zowm
3F 247 YA DA vesicled HE Aoz B
oIt} (Fig. 8). Al 428 FAsl: BAL Az yE
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)9 Ay BAe Hes Bo|d (Figs. 6,7, 8),
A 532 Gt ZHREZA Ao Hae) RS
B d7ix] 7o) viMgrg =F3tT e o)
o} (Fig. 8). 570 2 FollA A 4Zo] 743 W A}
9] Fo Fz=2 FAF}(Fig. 9).
(4) 3z} A

23} ARt 57 22 ME §3t AFeA
F 60% Aol 27 Foz FEIE A AL F
& #AGE YA Hez FESG(Fig. 10).
olF HIF FL 23 AR A 15N FAHE
Aoz Hola WHE 2~5Fo] Fisle YAHE
Zoz Belth(Fig. 9). A|2~5%°] §¢& #| 3%
AF-z2] vesicleztel #Alntg] B Ruje} At
22 3l PR Aoz HAAG (Fig 8). 33}
$Ant (14~16 pm)&] =2 (activation calyx; 0.7~
1.Opm)-2 wjM iAol W3 (chorion)2 & T2

dAE EdE2 YA ook (Fig. 10).
a #

2 AFedMEe ME . unicinctus)®] HAuk-g
A9 YA dAE #FIT A A F] v|AF
£ WsE wmsk ZI, IR} oA gRe] AR} 4
A7p EAQFE HAom A7AEGonz o Tty
a&stmal g

5B AN HAE-E F B4l e, o
st A we] B3} ole whE Azt %
27 2Jv] (Sato & Osanai, 1986)8}31 A} H A&7
o] F29) IFE Aoz AR ok AE A
A A EY v T2 o ddEEd ¥
2] (Dan & Hagiwara, 1967), A 7] (Dan et al., 1964), o}
ol 9§ (Niijima & Dan, 1965) So|A] Udelx #4}
(tubular) HAE7 9 FAFSIG 2, HA A AHA
7N ARZHE AztEled M2 d4 F2E o] F3L, A
AE7]Y] FAHL o] 7ARERE AAEHE HAo=
HAAF DA, ¢ AHFE Aol ga Aol
AR ALY o8 MHFTFAME AAE)
A7l wek HA Al Fuishd HA BAL
P HA AR sheathE HAIsl=d] FHod
(Inoue & Tinley, 1982)3}3 glort, A Eelx= AHA)

7] WAel HA NARZRE BAdo| TIFH=me
A AR 2 W) RAERA] ofstel B4}
2, A4AY S AADAS) oM FAEY]S axial
coreZ 2431 ATEAA A HAEV|7) AAH
' A% AHE A7) slen, o8 g HA A7)
2}& trigger mechanisme 2 ¥ 31¥l v} i} (Dan et
al., 1964; Dan & Hagiwara, 1967). B] 4|2 3|4
NEg HAENY EATALE 9 25 418 A
o2 Holh, HAE7E= HA VAR d&4" F
Zo|il HAEY] YA Fol HALAS wHHAGo| 4
FEHE Mz Ateld ¥ ohlE), @ B BH|H
t A=A AAEA] FAHE oz HelM, YA
W] FAAel W8 E7)AeE) (Dan & Hagiwara
1967), A7} (Dan et al., 1964) 2} ] BxHq]
Rog B ol /MEY HAZ $19 AA, B}
A §3h= 22 84 (ring)Fx2< 7 (Fawcett et al.,
1971; Faweett, 1975)2= 295 Aoz M74H$

AAWHEA 12 A HA FAse Il
Fzo} BAL i) &3 (surface coat) ¥} $j3H7}
(perivitelline space) W o]& FAIElwl ERe|glen,
oo A EAF MEAI AN M TR W=
#HE7) olifich £o2 QF =AY ukg
2 5 Fog FEHE 23 pAYe] FAJE do]
o, dal AR ARG mAYRY &4
2 g F A2 g dAHE B3, 20 &
Lz FEIE FHF 3a Ao YAHE Aoz
SRR HAHY B 3kl Huls oA
sAEE PASE R B & FFq U
caupo (Gold-Somero & Holland, 1975\ Z3]EE<]
A3 (Anderson, 1968)9] Ayl uk-g-3l §abstgl o
v M e SRy Bde] 23 g A4
3= Fo AR RAF HF $£He) 27 S
o2 FEHE o AAdA #2d v ol 2 9
23} JY|2& 27} activation calyx2} chorione.z
=5]3] 0 2 2 (Anderson, 1968), 7|-&-9] A7 uks-
o] AL} mi-¢ ARt Aoz MolA I BAA F
A AR Aoz 239 2= A8 74
L,2a ¢4 5 A P49 2AdAE £ A
o AYH 27 (FEE 25%0, L% 16°C)ol| A Fad
Aelmz A F2 U cauposiM= FAE A¥ =
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AoMe 37 JA4Y 37 DAL s o=
ARG 4 vk o]#d AP B FHYFE
22 SHFE £3erle BdelM, 249 A
oA B FIFEF fAIE e o4 5 e
Aelgen, o) MEe] o] A d (spiral
cleavage pattern) 2] d@ oz B Hgx X7}
FYFERGE FYEFEFH fAM ) ddE Bx
(Shin, 1997, 1998)2} A5l Aoz AY=z= gl

o9} o] B £AuE wiAFz A
1~3x $Autoz FEE oY Iy 39
Fo] oo uie}, FslA] ¢ 13} A5t e
3he 2,33 £Agtoz THF £ 9Tk ol E 44
9 YA 7F dA o w2 nMTE, vAERe
&3 Fxus) £Aute] 244 24, 183, AR
AA g7 e ATz 9 HA NN K3k
A 20 A A A NE dAE
A2 24471 QT ol vlAlgRe EAEE Ao
2 HQlch o] dFolM AR F4A e AR HE
& Ao} AFHRE AU, vl TR T 5t
@A 2 Az WS nAFEY 253 Fx
Wilo|glx, FEANNE £4 T o3t Whgoz
AR 544071 BEAREE Shpe) ozl Bag vl
etk whebd 13 £ PAA A E7] AR
A 2D Ry FERE 24 AF SE5E vAE
2o} Ze BAS A 72U Aoz AAFHAUSD
2 d7ME £ &9 1, 2% A9 A xA
A} Azt #e] Fxw 3} (Longo & Anderson, 1968;
197024 449 AMlE #d uh Q3 ¢ w23
A2 EE399 v EEe] T2 W), o8 F
AR AR el 13 A1) T4 SR Qlsle] w4
‘FREo] 13} AUt Loz 22 dHY ¥he
o] HA} 4o BgAse} A (Sato & Osanai,
1986)= = Aoz A4 4 Qe =3 AL v4
Ak dejuke] AL 2~3umel £ o] M} F
A duhe zhw 13}, 23} Ages ojfoiAe
559 Ag9e ohh o2 Hleg nldh AR
9} zro] mANT] EAo] Bu|E7] Ao 13X $A%
8 FA Frkee AL 2 EAFA ] od A=
o o3 ARE /N 4 e e 22 A
of «dle]l = Aoz By wl itk (Anderson,

1968). w|A| g 2o &3 T2 AR 449
843tz g5 AR S Adear =3 @
Az BHoz < Az mdA 27 (Eddy &
Shapiro, 1976; Scheroder, 1979)s}= #AH FHeoe=

R L=

FE Az A H1 AR A YA
WA AedHE Aoz ¥ 7H wh(Paul & Gold-
Somero, 1976)3) 222 $]9} 72 A}g}e JjEe] &
But YR FFL AL G4 FFae] AA
M= & 5 s 13 A3 3 2~33 7
FA=gen FFH AL 4 108 A &40
FA 20T 308 Hele 2EHE Aoz #F
Hoeov, 2 Fx9 BA FACNAM o AR A
Ade AR £ e 3z FATe] FAHE A2
+3 608 Zolgivh Betdn| Aoz NEY 3z &
et B g B3t Fxy AAFHA gort, 1
A Tz E 2R 9A QA A2 #F
e} o9} e FxE AAA chorione 2 HHE
3, 9A 783 7 ovoperoxidase?] HwW|2A 4]
9 BAEo] wA(cross-link)H 1 AF-3¥ EA=2
X319 v} glo} (Foeder & Sapiro, 1977).

Chorion& v} xS s & QL A of
o 39 ZATez Ag4se, = EeH FAH
mercaptan 52} &ullol A3 (Grey et al., 1974)S 7+
= Aoz ¥yyg vl gl 28t sE-elA chorion
o] AAEHE A7) (£A 0% 7)) ME AR 84
FA AzkE dXEA] goket. olgh o] JHE AR
o FAGA Az 13 £AE A4 9 ole} FAIAH
Al wAl g % Foz By oy A9
AYE AR F2 A5 13 2ARE Qe
Heoz A7 28y 13 A% 3
A BATAd oz BE, 9 13 AT 752,
ol FAE BAA 2N vAgR 5 AR
S4A7F 13 SATHZ £33 GAdd o
UE Aoz Bl o)} Z& o|folA FHA )
2 AR HAE7 AN #AHE 78 B4
T2 7|9 FAEY Mg 1, gt A}
F4AE v gEd] e Rez FE5F%0

dupd o g B8O GAb= Feide o oA
oA FAe] 75q Aoz dHAZ o, ole
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% SolAel w Ao A& xo] &3 (Longo
& Anderson, 1968). 7| &M= A2 AR & J=xle)
AT S A A1FA L A23A F 34 FAE
o] AP ozH AUFE, b2 7 (Austin, 1965) 53}
o] k¥4 Aol Ao 7Fsd Aoz m9.
ol 1,22 Z4Ede] ¢8d F £A¢] 7T A
A2l FAH E (Longo & Anderson, 1968)s}= o}2 =
22A, IAAY kg, F8 5 FFE
AA L} FAFEEA o), dAbe] £ §3-2 AR Aol
g Aoz vl

& 8l
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FIGURE LEGENDS

Fig. 1. A light microscope of the 2nd fertilization envelope (F) by 10 min. after artificial insemination. X 1,600.

Fig. 2. The 3rd fertilization envelope (F) with its full thickness (14~ 16 pm). The envelope seems like to be amorphous under
light microscpe, but numerous aggregates of particles can be seen under EM (Fig. 10). Polar body (P) X 1,600.

Fig. 3. The surface coat (S) and perivitelline space (PS) of a unfertilized oocyte. The protuberances of intact microvilli (M) and
some cortical granules (C) beneath the oocyte plasm membrane can be seen. Yolk granule (Y). Bar : 0.9 pm.

Fig. 4. The microvilli (M) retracted into the perivitelline space (Ps) when the acrosomal tubule (A) contact on the surface coat
of the egg, but the cortical granules of the oocyte are yet intact. Bar : 2 um.

Fig. 5. The acrosomal tubules penetrate into the surface coat while some granular acrosomal substances diffuse onto the
surface coat. The membranous structures (arrow) in front of the acrosomal tubules are suggested to be closely
associated with the retraction of microvilli. Nucleous (N); Acrosomal tubule (A), Bar : 0.8 um.

Fig. 6. The membrane of cortical granules (C) are fused with egg plasm membrane and secrete its contents into the
perivitelline space (PS). The secretion contribute to form the 2nd fertilization envelope. Cross sectioned sperm tail
(arrow); Surface coat (S), Bar : 0.8 pm.

Fig. 7. The 2nd fertilization envelope can be counted into S layers, from outside of the envelope, inwardly 1 ~5. The
substantial origin of the 4th layer is the cortical granules, as seen in Figs. 6 and 7. Bar : 1 pm.

Fig. 8. An intermediate stage from the 2nd to the 3rd fertilization envelope. It appears that the substances are fused or mixed
(arrow) together to form the final envelope. Surface coat (S); Cortical granule cluster (Cc); Vesiculation (V). Bar ; 2 um.

Fig. 9. The substances of the 2nd fertilization envelope are more homogeneous rather than the previous stage (Fig. 8) and the
layers could not be easily distinguished. Bar : 1 yum.

Fig. 10. The 3rd fertilization envelope is composed of 2 layers. The outer layer come from the surface coat (S) and the inner

layer (F1) arised mainly from the secretions of the cortical granules. Sperm decondensation (Sp). Bar : 5 um,
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