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ABSTRACT

In Fitro fertilization of U7 wnicinctus eggs observed by immunofluorescence and electron microscopes
revealed an overview ofthe meiotic pattern of the tide animals. The eggs have been fertilized early at germinal
wesicle gtage, followed by germinal vegicle break down (GVED), but pre rmitotic aster like structure could not
be rezolved by the methods employed in this worle

The meiotic features, such ag rotation =hift movement of spindle fibers, behavior of spermatozoon
monaster in the egg cytoplagm and active spindle fiber of the 1st polar body, have been observed. The anti
tubulin FITC fluorascence show the 2nd meiotic apparatug appeared firstly parallel to the tangential line of the
volemma, proceeding the meiosis its bipolarity is rotated and shifted towards the oolemma. The polar body
gite of the colemma wag not amomphous, but active in a sense of anti tubulin FITC reactions during the
extrugions of the polarbodies,

The immunofliorescence reactions of the spermatozoon centriole appeared at a later stage of the 2nd
melosis. During the time periods the fertilized spermatozoon resided in the egg cytoplasm. Activating the
centrioles, spermatozoon approaches towards the chromosomal materials of the 2nd oocyte, This suggests that

gpermatozoon centrioles initiate and play a roll to fuze male and female promiclei.
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8 FA QA A A ] T A7 A
A, = AAEAL AA =z AAE 45 T R
g5 U sl A7l T vkl o
= (young oocyte) 7| ZHE A1, 27F428714 <
oA B ARG TR A dA 2w ook
o (Alexnder, 1988). HFEFE x| 47 A7
AL, 23kl AW e o= 3 A o
FEAF FEAAT A52E 3 AR dRAE7)
9 A 7|7 AEe H7b deA 2 gl (Schultz,
1967, Masul & Markert, 1971), 3 A]7]2 4 =
A FAEE ZAEE o oAby s ofd &
el o#] HAE A A EY AL AP
717t FAE S osle Aol dAEs 2EA F
# o] (Kishimoto, 1998; Colas & Dube, 1998; Miwa &
Nemoto, 2001), ] ~tH| =4 oFF] A7F oA aql
of AAHA @At F2 A 222 (matura-
tion promoting factorje] LAFE=] k2 Az B
+= ¢l (Saiki & Hamaguchi, 1997, Kishimoto,
1999),

B AFe] FRE (U unicinctus) T o=
qlsted w o] FJ¥F(germinal vesicle break down,
GVEDIE = #AANS Rygouz, 7 AJE ger-
minal vesicle (2n)7] %] o dEAEZ B 4 3=
Afger dy ddzE: ¥ FYFER] 4 (Allen,
1953; Finkel & Wolf, 1981; Dube & Guerrier, 1982;
Kuriyama et al,, 1988)f| 49t 2 5 4l BEAL 23
siglet, 2t 4 2 AL 2729 AAY FH-
o] % (rotation—shift), 4 A Wb I3 -
FEA-FIC B4 e 247 294, A7
monssters] GHH A7) F FeEd A B
He ZHFBAA B 5 gl E4 (Sluder etal,
1989; Hamgauich, 2001; Ustake et al,, 2002)& k3
slgich 2 A3 o AT U unicinems
A8 A3Ed FA 42 AAA D 9F 3
2480073 223FE A HEFEY A ¥z 3
sgen 54 AL 27r2d 39 PA-olF
(rotation—shift) & =4 A=A, 7=2] 7 A= mona-

R

ster®] 4 W GA A7) FEsle] RoEmA} 3]
et

ME HOHHH

2 A5 AR A2 (U unicincis )2 A4 F7)
ol Mgt Ao o] A AA st o A2
Aot daf, A ] EAR Aoz THel e
Gag Aag HEE GwY B TR s
g AF/T FA A millipore (0. 45pm)E
dab s e o W AES 71 o
F4e AL A A5 2A AEF2E
FrAde dFHc 7 4 o 5+ 3 AAAA 2=
% AR ATE A

ALY

o
1. 23+H

AF T ARl FAER A AR A
B 7 Al obde] BEEedony o] b A4
A=) Ad=g oo B35 "4 a4 4
a2t FAET & AR 8BS 9T T4 (indenta-
tion) AFef &} A E T2 752 FZslyl o WA 2
7L FA1H (synchronous) o] g ot 73 Fs3t 3
74 100pm o4 W xZE 97 #5te] nylon mesh
(A7 100pm)2 Asketaic

AFFAL e =1:1002 HAT, A+
ARb=400:12 HAE == 285 ¢d. FEdv|F 2
2 42 A% % ) A4 A He
ez AFstgd. reFEe dedoes AMEy
om, APFE 4 AFNH 52 PHoz S0R7
A9 Azg —20°C A gt AAETA DA
TA sk

2 dddy

AFFe £4 AT -20°C viEe2e A 24
7t Fot TAIE 2 pH 6.8, PBS (Phosphats buffered
saline solution) 2. 33 M Astge. Gy gL A5
anti—tubulin B ZES Z¢])7] H&lH 2--5C, 2%
Triton X-100¢4 124]7F #2]3F = PBS= A A%}
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Ao} (Bestor, 1981). A 1xF A 22 anti-mouse p-
tubulin (Sigma)2 AFESFE T 0.1% Triton X-1002
TEEE PRI 1. 20002 3A5e] 37°C M 14]

7t A =2jsted et o] & FITC-conjugated goat anti-

mouse IgGE 37°Cella] 12])2F A e]ste] zh42g &
Ag wdgusgon 42 dmsd 4%

propodium iodide G459 el, A2 glycergel (Dako)

o] =ofs}ed 17, laser confocal microscope (MRC-1024,
Bio— Rad)oi Kr-Ar dual laserS o] &350 sty
=3

3. Ao A=EH S

A D 9 e QeI 0IM
pHeg) L2 FH3F 2% ZI}E}E ] %] = (parformal-
dehyde)sk 0.5% FFEF s =e] 4CA 12413

Fob ATAT T FUT S2902 ARt T
2l rgEgole] A 1% 2410 FuAst
get. AlEE AT F dFE yEESE A 1S
Bit w4l om, propylencoxide$t Bpon 812(1: 1)
8 124128 Adstn mefstaiet @2 (1 pm)
toludine blus® A5ty v, 29 A (70~80 nm)
uranyl acstate 2} lead citrates] <383}e] JEOL
1010B AR A2 2 g0 gV 4] Sty

=N
=

o,
=

4

1. gateiojy B

27 100pum o]4F2] vz A germinal
vesicle (Z]7 30pm) (Fig. 1)& k2 glgler <l
A 2% A¥H W] AT 979 FFez
108 Az =AY (14~ 16pum)e| &=z L= (Figs
5,78 EhE, b £4] germinal vesicle2 52 7«
HGVED)H = AL B 4 sl4dhFig 3). & ¥
T L] dEtEu|AA Fae bRhAlE HE I3
$ =gE Aoz woht AAAA B
°lF HdE & ddow (AAENA #F F=), F
7 208 408 Ad 42 A1ZH g A22E0 &
"ol A& & 5 sl (Figs. 5, 7).

2. ®7wofd 2 Hgwold pg

1) Germinal vesicle breakdown (GVBD)

U. unincinctusd| A 223+ Abgst =2 2A
100 pme] o F=2ME (young oocyte)d 2t o}
ZreBd 2 A|Zkelr] A9l germinal vesicler]al A
Fadd,

&7 22 A A A (500 pumx 2 pm)7F F& =
A s, Axbe duky AH Felyeds 223
AA&H (o] 0.5um)e] Tk B E o] g= Tl
e e B 5 A9 Fig 2. #UL g

9 $2% v4Ee TP A BAE 4+ 4
Ao (Fig 4). NIAE 45 )2z Ao 2
aYd A £9HE AeT Hohf A3Ax
2ot 3z A Az ool W=

Aoz Weld(Figs 6, 8).

GVBD 24| Az 324 dn|H o= as)
# germinal vesicle®} propodium lodides] H4= A
AE AT ALANA & 5 Afen, oz I
A=z7h 4 éa—“?% BH817] AlEkste A7) germinal
1 Aoz B 5 slgdet(Fig 9). o]+
antl—tubuhn—PITC Gl oz 2ok FZL monaster
o AL #AHA st T2 el vRR vk
A, A E2] 9A7A (chromatin)2 ZF4249 AE7)
WAE 2714 Fed 5AE pygoen, dAx 7k
—r‘é A5l By Aoz #AHG A

2714 dAE Fe2d AAG A HAAe AR
qalel Aoz & 4 glgont H2zk4Rd o)
v HZ 2A%E A 2 4 9 (Fige. 0, 10,11,
12). GVBD Z|£2 Bl A7 33| 32y
< AF7l4 o2, o] A7) 2 F714 A13HeE
4 AF o5 (bipolarity) 2 A= Mz A
Hef| dfeted 7 elod om bl 2T Fipole)2
Qo s WHR FEE PN AL &4 4
sdct.

2) HRAES TrpEd FE
Azl wpAs &F-FE™ -FITC (anti-tu-
bulin-FITC)# propodium iodide® >8] s} ot A
H2ll A Zo] FF wegusL FFF + gy
vh, AT A 2704 A9 ¥, 23 3k

vesicle”| ¥E 4
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£ Folde 9% 22
propodium iodides] A o=
FZ=% (bipolar spindle fibers) & 4
AL #AY 5 »l%i'ﬂr(FlgS 9,10). 2wt A1, 2
R+2Q AAY FRHAE A2 GE Ao G
Aoz wye ARy 274 #EE FFH
T 34 AiRAE HA 4 A
A7e ZeRd AEY] T2 27
3&%54 921} (Figa, 10, 11), A2722
A7 28 2714v d9e st FEeld ot
duhg ol o (hifysEs Sdoz 33
(rotation)st Aoz FF= el (Figs. 13, 14). A1, 2
A+2e FAEBL AT H4% F2dA BHG
L2254 54 ¥, 7 A (aster) o] $7], v
¥ A, G Y e, oey -REH-
FITC @ o472 34 A= s15 #4uich

3 A

3) A

FHErAe s 24T A Edos 730
T AL2ZAY oA S Aoz wolAw A
AgwlAe A B A3 (Sx 10 pm)e 4
A, A2FA (AA Jumle FHeH A AR B
Zpe)7l gle ALz BT (Figs. 7, 8). U unicinctus
FATE $A 4080 A F AL 234 F 27
9 3A A4t Fig ) A2IA FAH 544
T A7 ALSA B Bl BRAGS
(Figs. 17,18, 19), #|1=4] w212 gF-tbulin-FITC
B2 @ propodium iodide A o 2 B ops Abuhak
o guAs Axe TP AL B 5 Gl8e
o (Fig. 3), 94L& FEE & 45 T (oyto-
plasmic furrow)7}F FA4AEE A2 FHESE 4+ ¢lgdch
olepke A 1A 4L AT Aol A
o] 5t

4) Hxp H&H (aster)o] M

U unicinctus ] FAE $3d Fse AR &
N4Y 95U U¥E TPHE oz wAAY
o (Figs. 10, 11,12}, 4 & =M 27} #2302
W) oz Bt AAAA THTFES HAE 5
v oddd AR 842 A3beRd 27, S A2
dEAZ g4 drdzdd ZH7E 9 ]@rf%

[0

v AoE el (Fig 10) A4 YH el nef He
stAl #AFE A7l4 Ay 1 40502 2 5
A=A HAEE A7 dAyg e, A5 &
229 (centriole) Z X E] monasters| ¥Edsladd (Fig.

15). As) §3712 Bele A7l 7 AR A
= monaster2] SAREF AAbE] @AlL B 2 gl
(Fig. 16},

] &

A FZeRea L2 U uynicinctus?] SFOA 2
TrEd AR e 2o 2o%g & U
wnicinetus?] SA-AF Ha2 22 AR acto-
mere7} Geto e BE wlA$Ee B(ipd &
Fotel o] FolAm oW AA HAEBA (adhesive
material}2 AAE FoT XFEE He HAA
E2 (Gould-Somero & Hollander, 1975)%] A2z B
Aok 4 28 & FATE FAEeH 108 5
Aot (14~ 16 pm)e] Hwz FIsede 52 Adx
germinal vesicle®] 78} (Germinal vesicle break down,
GVBD)H YUY AT 2472 Zdsiyd.
2023 4026 27 A1, 0345 BEseT A2

29 27| 8E AR monasters} UL Y Ao
2 ok AeEAEY F3 WE4ELS 2
9 3¢ 3499 Bge 9D v A A
£ ot o|FEle AL B $ slden o2 Al
Zrs=Bd AR rotation—chiftsle Aoz =3
+ sl

U unicinctus YA 2] @lF 4512 e o] &£
A7 EARA g A 2, FRdEA] T
WA H3-ol%, IARA 223 AA monaster
& B4 FdlM E5-F(Szollosi etal, 1972; Navara et
al,, 1994), 2 F5 B (Gerhart et al,, 1989) W o= £
%8 (Ishil & Shimizu, 1997; Leutijeans & Dorrssteljin,
1998; Saiki & Hamaguchi, 1998; Hamaguchi, 2001)=}
= A A AbelE Aol Sl Aoz Az,

U. unincinctus A = A3FAds B 5 3l 5
Be e 7 Aslg% dAGH & 4 e
germinal vesicle (2n)2 $4 - GVED — A1, 27442
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d 3 Ao 3 dAE AR o P
A A o] A7l A"EE e FHeldd
v BEAY w2 dedA 2E GVBD—A 1R

d A7l AR AzbpR2d F7] (FHe2d 45
— A ARy FA4E Ade
199) ¥l wE o A7 W A 2 2A
A &zt sl Aoz A" F ldd e =
ot A9 A A= FE (sea urchin,
coslenterate, Brachet, 1991)2 2 & Aok o4 o
£+ 5 sl e o8 Aol b (Stricker,
1999), o] A" o] Azt Fab FAHE H2 o
ooadd A o o]y el YAHT] w2
o (Masui & Markert, 1971; Kishimoto, 1998; Colas &
Dube, 1998; Ruszo et al,, 1998, Miwa & Nemoto,
2001). 452l ddflA Bl Aoz st FFeP
g A< (meiotic maturation) E= 7{}%‘“—“’ o] FheEF
Ao WA AU 32 oz dsted 45
a2gle] AA=At L&fq]ié'ﬂ] EF% MPF (matura-
tion promoting factor)7} &4 3d Atz B 4 ¢l
(Segata, 1996, Whitake, 1996; Taleb et al., 1997). 1A
= K dAad AlA = MPFH AE8AE A
7l W FleAs Ao r B oW, U unincinctus
F7F ZAp2d A2l 2n Al germinal vesicls (100
p)rlel 4% 4 Sk Aoz £99 244
Zhel 2 ol A&d 4 3l Aoz B 4 5l9l

j‘;ﬁﬂ:
ﬂmio&i

7 (Russo et al,

S

U. unincinctus SPA| T3 $7 2 3 ¢] Avp= a2 zh
AR o gred B DA
FFAL Aoz 2asil= e 49 9%
w2 AH9 F4e A Bt A
® 5 I 3 I FEAT dread
Q9 Sl 2RI B T A Br
Db T2 ez E 4 N Adae 4429
A 47T G BE A +7 A 2
o pre-mitotic asterd} T2 AE B9 AIIF HA
He, upehy ey AR wAE e Ao
whadal vl gl (Miyazaki et al, 2000; Uetake et al,
2002). Urechiz&] 2 30 U bonellistl| A= 4714
A7 AldEA xS Az »wy A (Leutert,
1974)= 2HF d¥dA AE Hs F A8 2

B

Al FA el ZheT Am Ho 22 dHE 7Y
2] pre-mitotic aster7} =] 5}7] EH«?— Az APzt
% I} (Lopata et al., 1988), U, unicinens ] 1—4-}4]

e FHE o Heo| AMAEHHT o|oH 4
deo] ARG 2wy A2 B Geed :g»
A7b A A FEEE Aoz 5 £= 3o

2 AR AAY -2 9 propodium
iodide ¥h3- ahg 2H Holx A23t42d F717t
A A A AL 284 Aoz A
224 Zeed A dHAE dd Aem B
& sledeh 2, v At He)g #§-FEA-FITC
koA pre—mitotic asters] ZAE WY $E
ot 2 d7s] ddzy 4ed A4 $HE9
A= Feid A A x Jdd Hew A7
= b, pre-mitotic aster2} AP T2 &5 o
Fg wol7] fHAe Bet AT A EE AR
o & Qast Yoy e ad

AR 498 FEoe Azed 27 U
unincinctus| A4 #23hp2d 7] o] EAls o
v 35 3909 Rt Aoz 22 o 4o T
wnincinctusdl| 4] 28 FALY A27teRd 2204 A
A Alx2d ZF3e] monasterrl TS Hge=
20} Al AYIEALY Feed FHANE 4
AR B3 SR Aoe B3E 9 A
o dRAL AL 2k2EE ATE B4 24
B2 v A4 AAE FaAA TR Az 2
Foien 1 APl +4 0% Ad Aes B3
= v} gl whebs U unirciectus AR WA 2
o 4 Fe zdst 2 22 408 Al ALzieR
4 7] % TAE 9y AW $¥e Feoe
Aoz A% + a5

® 974 23 A 29 40 A4 I
ol W Y FellA Al 27ke2d FARbeld
AR Aol Ee] HAR v glet o|F Abeldd]
ARES A, e 2T dEAE w2lydA
AHHE, A, SA A S-FEH-FIIC 84
wept 28 HEE FEAET F2E WA
oty A A, wEabee 29 A (aster)d] F
< mlekstyitte Aoyt M2 ' JAEL ¢|E
o A &7 AR e St o3 E o

rm;L
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o AREA AR FFHES 271 b
el Fuel Aokl 322 4uE e A2
A8 FHS FEAE bl o] Bl
Sk AL ] Ha AR TS
Sl AEHEA FHLZ WRGeEE ofF
Eot FA (rotation—shift) s} 2] o= APt

2 3o gzt ASsad o Al
F2ael Yl DAL A AR BHoT B

DR AR 2012 e BAE e A%
i 2 Az 33 v 5 31
Aoz 228 5 siv Ao A4As 2ol U
umicirctus ﬁj‘%ﬂ}-gA A=urEF 9 shift-rotations}
#HA2 25 A (Sluder st al., 1989; Hamgauich,
2001; Uetake et al., 2002)% ¥ 2T 5 gldz A4
Aoy A4 FEY A (Kumiyama et al, 1986)7F
2% 5 ARt HFAY 3 (pole)t dEAE

BTz 4E 5 WS Fad g o
A AA gk glet 3 ?‘4]2334]3}‘—* s
Al =4 ‘57"‘_1‘-/‘}—” HEA E A23bRd Al AH
FEAH & $ A o] Ay (Kurlyzma stal,
1986)2] 31y Aoz Reld, ol FF Y (clea
vage pattern)el] o gt AFdH 378 FH 5 2ot
Wh(shin, 1902)8} WA Az Q4T 5 e
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FIGURE LEGENDS

Fig, 1. The germinal vesicle ({3V) stage of U wnicinchur egg, The fll grown nuclens is slightly eccentric in its position. = 400,

Fig 2. Actomera (&) fuze with the tip of microwillug (Arrow), while acrosomal adhesive materialy contact with the egg extra—
ervelope. Bar: 1pm, C: Cortical granule, N: Sperm rcleus, 3: Egg surface coat,

Fig, 3. The full grown fartilization envelope (F) and the germinal vegicle break down (GVED) ocowr after 10min, of fertilization, x
400, R: Radial arrays.

Fig. 4. Fadial arrays in the fertilization envelope of fiz. 3 hawve been revealed in this electron micrograph as a retracted form of
microvilli{M), Bar: 2 pm, Cy: Egg cytoplasm,

Fig. 5. The | st polar body (P) appear at 20 mintes after fertilization. Bar: 2 pm, Ps: Perivitelline apace.

Fig, 6. The lat polar body (F) containg a large amournt of cytoplasm and chromosomal materials (Ch). Bar: 2 pm, P Perivitalline
apace.

Fig, 7. Two polar bodies can be seen at 40 minates after artificial insemination. x 400, F: Fertilization membrane, P1: The first
polar body, P2: The second polar body.

Fig, 8. The lat (P1) and 2nd polar bodiea (P2) are different in its size and cytoplasmic contents, The lat larger polar body exhibit
meiotic apparabizes during the time period of 2nd meiosizs. Bar: 2 pm, Ch: Chromosome, M. Microwilli,

Fig, 9. The fertilized sparmatozoon (Arrow) in the ezg cytoplazm can be identified by fluorezcence at near the nuclear envelope. x
400, GV Genminal vesicle,

Fig. 10, The fertilized spermatozoon (Sp) resides in the egg-cytoplasmn during the meiosiz, x 400, Arrows: The lst meiotic
apparamnis.

Fig, 11, The lst meiotic set of clromosome aligned at near of oolemma, and bipolarity of spindle fibers aligned parpendicalarly to
tangential line of the oolemma. = 400, Sp: Spermatozoon, Arrows: Metaphase spindle of the lst meiosis.

Fig. 12, At the end of the lst meiotic anaphaze, one zet of chromosome begin to protrude the colemma. The spermatozoon (3p)
appear to be approached gradually to the cocyte chromosome. x 400, Arrow: Telophase spindle of the 1st meiosis.

Fig. 13, The 2nd meiotic spindle fibers (Bp2) and itz bipolarity aligned firstly parallel but lately rotate —shift perpendicularly to the
tangential line of the colemma(fig. 14), x 400,

Fig, 14, Crie pole of the Znd melotic apparatus (BEp2) approaches perpendicularly to oolemina, P1: The lat polar body.

Fig. 15, The monaster of the spermatozoon (Sa) at the margin of egg cytoplasm begin to activate at the end metaphase of the Znd
meioziz, And the Egg—aster (Ba) exthibits arelative weal activities, » 400,

Fig, 16, Spindle fibers of spermatozoon and egg approach each other in this median view of fertilized egg, x 400, Arrows:
Promuclei filsion—site.

Fig. 17. The immunofluorescences at metaphase of the lat meiosis have been revealed intimate structural associations between
oolemma and one pole of meiotic apparatas, x 400, BpZ: Bipolar apindle of the 2nd meiosiz, P1: The lat polar body.

Fig. 18. The Chromosomal zets (3¢) of the lat polar body begin to separate by cytoplasmic furrow (Arrow). = 400

Fig. 19, The meiotic apparatus of the 1at polar body (P 1) appears active during the Znd meiosiz of the cocyte, x 400,
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