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ABSTRACT

When U, unicinctus mature oocytes were fertilized in vitro, germinal vesicle brealedown(GVBD) and meios-
e oceurred and the zygotes entered cleavage stage. A modified pattern of spiral cleavages, suggestively bazed
on behavior of mitotic spindles, have been observed in this worl.

The first and second cleavages weare meridional and the third was equatorial, and then followed by repeti-
tions of meridional equatorial cleavage. The cleavage of the izolecithal egg were equal and holoblastic and its
patterns were spiral. The anti o , B tbulin reactions and confocal microscopy revealed mitotic apparates
tilted obliquely at each mitosis cansing oblique displacemernts of the blastomeres. Degpite 1zolecithal distribu-
tion of yoll, this observations implicated that tilting of mitotic apparates induced gpiral cleavage and the dis-
placements of blastomeres. However, thege features would not be the typical spiral cleavage, bt represented a
maodified pattern of known Spiralian’s in the senge of the equal cleavage,

During the first cleavage, heart shaped eggs have been produced. Electron microscopies exhibited the first
cleavage furrow extended with its membranous strichare deeply into the cytoplasm. Contractile ring has not

been observed.
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(Shin, 1986; Choe etal.,, 1988), ¢|&3t U, unicinctus A
A x AR EAL $7], 2By 9 U5 &
A5 dAAA A AT iR v)E f gle A
27 F59 5 glgidh o] B4 A 4R xd
{2n) 2]7]¢ o] FAAE FA & 7Y
¥} (germinal vesicle breakdown; GVBD) & 1. & 7k
24 717 e F5 AL RaydE v ogled
(Kwon etal,, 2003), e =tAle] 3 FL ofF] Fhe}
& sl
U unicinctus A <52k2] =327 4 2ol Zhe
wEM E7]9] germinal vesicle (20124 AXE A FE
U BHFEAAT B 5 A TUE 23 g
(Finkel & Wolf, 1981; Dube & Guerrier, 1982), st24
3/%E AU $BA et 2ol FAE F
B (Schultz, 1967; Mazul & Markert, 1971; Alexander,
1988)Fefl M= o] 8 Hel Aow B £ gl4dch 29
U uniciretus 334 AL 250402d 7]—_]f—~§0]
3)H- o] % (rotation—shift) 5= FAbe] A= A
58 4A 2 2] FellA g A= “ﬂ—r
#Arer Aoz spEky wb gloh(Sluder, et al, 1989
Hamaguchi, 2001; Ustake et al., 2002). ¢| 24 U uni-
circtus#] A A7) 8f FHpRge A A8 AR |
Fse] BAFEET ohle TYTEGE 27 4o
A2 oicn A% + 519
o| &5k ﬂHﬁéﬂfr] U, unicinctus 413 AT g
ol 1, Fe] 712 vhsh $ARE AT oD
QgEel BAR o G TERAL QAN 53
84 43 <1 (Freeman & Lundelins, 1982)5 &
f’\}ﬂ“ﬁ’i ong, A1 FE e A 5 SHE B
4 41 A7 A= (heart—shaped egg)e] A
lﬂ‘idjl, Al 164 X773 = F8(equal cleavage)
# A& (holoblastic cleavage)S 3 ete FelH =
b e AFelRtre B 4 deddh U unicine-
us AT PE oEbe] EAL BT ¥TE
BT 7 v de] Apdutekez Wi 9T 8
Z1llA B 5 sl FEY fARd V1 7E -
a-,-p-FEIALZ A5y, <] Y-[EA-FITC
2 w2A% e AR 717 HEAe] #
ARG nz, o dEy ] ARG 717 F
Hell dale] sl& Aoz F5F 5 33k Urechis

germinal vesicle

rlr
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o e el U cawpod] A 0] 44271 BT
s dabel s ZAE 3 o (spiral cleavags)dl A
22 ®3E BHGould-Somero, 1975; Newby, 1986)
glont B AT U unicinctus Skl s 23k
He g3y oy IR dAE faed 7
74 31 Bk ke 99, Ax 102
ZlF Ay B, Agiid e ARdS wElEEA, o] B
9 S 1Y 8 A9 e
A woshuA ket

Mz Uy

B A7) AL A 2(U unicincus) 2 A F7)
A Adhet 99 ADAA Aok ARG 24
S el Agel Aaer] WA A Pt
dad 2ARGT, ATSAY oA FAL et
Ael Aa=e] oA GEtme +ARAAE 94
Aoz 2t g G AdAA 2eS B dApEE
Agrse

Add 4= (G922 20%., pH 8.1)% millipors (0.45
pm)Z Ak on A 7|2kEek s 2ER 16
~18°C2 FAsteleh A% dAe dE FHuylon
mesh; A 100pm)E H=fsted st v Adxed
2 33 sl =1 10002 B e, €l AR =400
12 34953 2k 0B+ T SAEAA
Bzs) WHT 5479 dolgonz o P

sAsE d% F 4 AAE A sleA
e greos Apndon 497 +7 ARy
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Azgs -20°C delxS (methancl)el] TAeted w4
HaEn A S ARt A A fEE 4
AR ot Ze] MR TR i

2. §g#olgd &
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qz FAed AAE Ty JT B2 oH
wWhe H&2 4] 2~5°C, 2% Triton X—-100e]4] 12
Alzb A=lsle ATE A AT = PBSE A= shy]
t}{Bestor, 1981). #|1x} #FH|= monoclonal anti-
mouse—o—, —P-tubulin IgG1 isotype (Sigma)S A&
sl T PBSS 1:2000% EAsked 37°Cel A 14)7F
Helstyg ot 42l & goat anti-mouse IgG-FITC
2 57°, S AR 117 el R B
E HF FAs AEE glycergel (Dako)e| X
5 = #¢)x T2 w7 (MRC-1024, Bio-Rad)
22 Kr-Ardual lazerg Ahgsted sl ok

Fal A (cleavage furrow)E AAlEAn|AHe =7 s}
A QA e T WEE LR 29T
< 0.1 M glarglEad (0 M, pHE.8) 2= A =5 2%
e} 2ok ¥ = (parformaldehyde)$} 0.5% SFE=2
dd 3= Ehdle wAR F wl2rE o] 45y
A1z g Fal HAE sy, Y nAde s
4708 A] 1247 Bt ATAE T e dzgoog
3 AdsiEd 39 dAddEFsdd F48 1%
OsOf A 2413 B9t 3342 sty A28 AF
T E AL o2 A7 1583 deEigen,
propylensoxides} BEpon 812 (1 ;1) £3-8+ 1243 #]
Fstw Fojstgoh 2FEE (1 pm)2 toludine blue®
AAleld o 29k (7080 nm)2 uranyl acetatez}
lead citrates]] <MFLed JECL 1010B AA#ER|AL=E
80V A st

4 =

1. #=sio)d

1) =get

U wnicinctus2] A|dedla] Be)g Jd=be] e 7
FH(130~150 um in diam.)e] g o} whiel s 2]t
A Aehe] $h9 (indentation) = #=F 391 X (invagi-
nation)& 2 Ael chraich(Fig 1), dhdA 2]
N TP EE PR EE
& NG, oL ARAA 2T DA PEY
- ddd. A=zts 53, germinal vesicle (2n,

U daslo|d B
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Fig. 2). 33 4 +
= 3 B Hoz myle
T AL A4 ] 2 #A
24%}75&41 AT FEA L, 4 1584 # A
¥} (germinal vesicle breakdown; GVBD)¢| AlgkE 3o
o, oo +7%e] A2 P 2 (1416 pm)7
& & 5 Sl (Flg 3). 2 T2 slobd S
T ol ohdglen WA e 722 s A
== 34-754._}1“49’\1_1_, A ppb2 A AxEe] ¥
e AE B 5 sldde 27 4024 A15A 24
319 22 (Fig. 4), 908 = #2347 A1 o FAHE
Fad A E@stY (Fig 5). #2324 444 «, A1
= FFpdste A ddem Ay 25
70l Aoz Bych GVBDe 3 33 HE
S¢ PEEA gt B 13450 28849 ol
W55ty WEE(hemisphere) 2 HE FEFrL alE
ouE T EA o] AEEE T 2B 2
T A7 2E e e Hles EY iy
o} (Figs. 6, 7).
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A He A (meridionaljo|4 2, At FU3F =7
o 27 FF(120%85pmyt ALHGomE o
(equal cleavage)=|4] ™ A& (holoblastic cleavage) <]
Siek. A1 3% FEGANA AFH SH (reart
—shaped ogg)ol WA= 2™ (Fig. 7), A3 +4=
S 20 P19 HET $AU T cleavage
streake] A7]e AL FEEn|Ae =z FHas S ¢y
t}(Fig. 6). Cleavage sireak ] 3&BF= Fsted A7
o whel, WFEFE (cleavage furrow) 7| '%Ajﬂ‘—.j =
+ R FESAA RF Tl A A
A HEFE o BEeged, 3avE 4
ZHEA AE B A ol2A Hﬂ- e A
3 A HAET FE B 5 g oW A
WY FES-ANET Aold A AT o))
o 274 FFAIE e AoRE BhE F
Al E 5 sladet(Figs. 8, 9). HESHA e A=F
Hols o, m e FEapelel A o] FEHE A
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& 4 glodch FEEvA A o9 A o
Se wel Ble 287 Al HH $9¢] 2ol
A% 2ol Wy FEELE 939D Azl 3
Fat el FdFAbel e S B 4 gleddt (Fig 9.
Lot Fzefa] = (contractile ring)S FHEE
F 5l& Aoz Byjovt AAEA e olF
0% 4 999cHFigs. 25,26).

H-o-, -p-FEY 24 HAE0AE HE
A GVED A dshsh A E% Aol $a-, -
B-FEA whgste A4 7|4 (astral micro-
tubules)o] A= dxjzls AFs> HAew By
(Fig. 1), ol 37} a0 433 dohyy
M Bt ZhaE AR Pl AT o] BEH
gt (Fig 20). ¥W3Abe FES-HES S Aot
7oz 9T AE ¥ 5 YAt FEIAA BB
oo, 24 7)Y WFARe AR AL Ze] oY
B3 4 Aoz TYsie Aoz B (Fig 21).
2 g7 WAt Wbt T5umel Aol BEeld
Iy EAE e Aoz ryedt d225umed
A= HAE g (Fige. 21, 22). B4 WA =
F-4983 @ 2 997 2w 34 29
2o & $3A ) AT FEE gt A
2 & oglgda & dTFelH 2 o 2o Bele
fFAREE 71T A F2 AU ¥ H4E
A sksied, U FaE 4 — M 20 E HEAEE
o olghe Ae B 5 glolA, 2 - H=zo1Y A
949e $ad0 & 45 slald

TR R | g

3) 4M(= 7]

) A st A el AR F
2 a3 (equatorial cleavage)sl =& & 4 ot
Figs. 22¢]4 B2 wpel o] 23 $2129 A=
A1zp FETget A wjda o] #AFHYe =
2, 424 Fg= AYYE B 5 ol (Fig 10). A2
44 AR $UT 219 4} FFEA 7S
pm}E AR EA (Figs, 10-12), 52, A9 F&
2+ ggdon, psold o|=w U A3 ¥F
Wl G (Fig, 113 Alzbe] ki ASEE 32 F5a9
Fig 12)0] 1% 22 B 4 Qsich o F79 W2
& FEIA 20 18 G & Fed glA] o

1,

2ol Bodeh(Figs. 12, 23). o] 24 A2z} I F A
o] s, ek A3 gF wdeA e F5
FL 35 71£90] gy AoE By 44 =7
=21 o]z AE2 AFFAAA 22 4
Fo] Ex=e wet ofd Zpele lE o glent oF 20
Bo] &5

4278 FARRYE 71T eiE 2 A AA
WAl wide] Abeldt Ae®m FAFET, oy H
2] 437 wjdst FHEE A2z B 4 sl )
718 HAH2d 7l 29 2 A AR S
o dfsted FFez, aelw  df FME A=
He st s et (Fig 23), dEA e AR
71FE] F-HET S dsted AR wjdsie AE
E & 319 (Fig 24). o] $A12d 7179 45 A=
2 A7 g9 F g et exl=ry &
T dE Bobs 45 fHal HeE FE2H 4 5l9
o o] FARRY Z) 7 HS efdEA A3 e
FHghe] Flpd Aoz wyber, od f$A1ny 7
T GE Fo| ABITE et WEke] HEcYe
oz vy EF e FAHde B 5 gyt

4} BHMIZEF|

A3zp 2 44 =28 FARd ST ejdE
Beobs 3 (equatorial cleavage), 28] 2 =771 4
AR 87 (60 um in diam. )7} AR e =z =
2, Age] WhEEY Aom B 4 glooh 84| =74
FTid 2 HESH N 22 B82S ) FF
Ao gehn ok HEI-3EIS e BT ¥
FEol Az A4 Boz WEe T ¥ 4 4
At (Fig. 13).

g x 78] Fa, 2 42 I Atz Ak =20
o g5 ANSE Ao 2oby R e @
A pr A9erFig 14, A% 32+ o
¥ B2l oYk 16037 o1F 2 (lastala)
WA BT 2|4 o Aol e Aoz v
ofit, ol A7 Aeol2 ARt Aelw FFE
YA 22 B 4 gien, ¥5EAA &
sie HET 527 48T 55 #4FE 2 i+
(Fig. 15). ¢]Z2] wj](embryo)® A2 Zu]7] (ciliated

T 9 #780| G FFRG B0 )9 A
ped oy
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blastula; Fig, 16)& Ax Xasto(Fig 17), 5497
(trocophore lavae; Fig, 18)¢]] <2 m o7 A= 4]
o

2. dxteio|d s

Hardn)A Al Ay FEFoh 2" e
51513 Fig 83f Zre] A3} el M= 2o
Addx Fr gl sl = dAERe 2d0
S A 2 23 GACE #AEH] 0B R 53
EZAE £ sle Aoz ryd ol AAEnFL =
AT A 2hSH WY xFEE] T A
& AAADL 5188 B 4 5isich(Figs. 235, 26). Fig,
25% Fig. 79 ol 9T 44 BAGA & 5 ol
FET GUF AT hrdl AAu0)F B2 A
E 2319 (mosaic)ZF A ¢|9 Fig 262 Fig. 044 &
& ¢y 244 AAE 2R D o) 1yge=
AT A oot

Azl G2 pATAA FES2 FETH A
Fefer F Y F77T EREA G AxAdy F
ofb HEBSL ofF] 2RlEA o AFAY SRS
B (Fig 25), A 2AF A FHEA=2 Hely W=
¥ FHTE Y S WL, 8T HeEst o
AstA] 2 oz & (multivesicular body)}so] w|#) &
Az Apele] ABfEE B £ slddd o] o] A=
AT FdMe TR FEce A L 7
25| FAEG ojof T2 FEEL BT M=
M= & sialct(Fig. 26). A1A g9 A =
(contractile ring)o] HAFCH o2} L2 oyl A
o] xRz FAFsAt T2 Az o|n] E4
e A T Y FERE §YFERA, AR
Hih o] Bele F2E B 52 f& Az B
slsdet

Jr el o

T #

Urechis unicincrus ] TEHZS 347 A7l 2=
4 27], 53] e 2714 A 7, HES 7 ARl
o] FEEE] e =g FEE 4 (cleavage pattern)2 o
3 e (spiral cleavage) |43t &7 39d 2] Fihe)

AL EE) - AZ (ER) - L R TE ] 4o,
o] FEg-sHYe| WUEHE Hez B 4 34t
F72] AR e AR 717 AdFE HEst
v AR B o4 glglon Ay dEYd=E 4
271 %8 #47] (trocophore larvae) 747 A E (holo-
blagtic cleavage)e] T 53 (equal cleavage)sl Ao &
Aelehm % 4+ Qg

U. unicinerus 2] A Bk 22 383, HE
S Pt Aol JEE +x slovt AT 9
o Aol ST A 53 (heart-shaped cgg)e]
FHF (cloavage Purow) FEF AR A
A1 S Ay S02d AT FEI-4ES
W Fhow wRcte Aol UHH A4l
(Okazaki, 1975; Von Ledebut—Viliger, 1975), =47}
Bt T HET AR T dene Fo)
Geie AU Foz FEF AETE T A0
Rt o U unicinens ] A17 dEtA A S
FE4 4 B =3 {contractile ring; Asnes, 1979;
Schroeder, 19877 #2415 Fx271 #EA=ged, &2
QFAAE o8 HAse Aol Aena B A
A A2 FET U unicicius =7 A= o
#7e A=d o= xR sgle A 4T
259 94 $%02 §F Aol3 AANE Aoz
w24

Urechis®] Fae] v}415 <+ (spiral cleavage) ]2k
L AL U cnpod] 442719 FF WL TATHS
2o 9} glef (Newby, 1986; Gould-Somero, 1995).
U, unicirciusd| A = 44 2718 S35 A ofd
B2 BT U copost el Uy $FE| GE T
A Hmsel 471 Aoz B 9 Yo, =2
79 U4 32 $44 A4 el xS =
she Aoz FAFH S U unicinenus®] 7] &7
aigde] = 544 ARl ddete A2 B8 827
FF MLellA E 5 slglen, olzA FF 3o
HdEelzhe Ad d 5 slddeh wekA, Urechiss]
o wE dEHY A As fe AeE F5H
et

i g e St 9ds $EE, S gpirdien
27 Adui #HFB(Reverberd, 1971), 43 <%
E-(Fresman & Lundeliug, 1982; Verdonk & Biggerlaar,



76 Eorean J. Electron Microscopy Fol 34, No. 1, 2004

1983), B35 Sl4 Hx 359 e AE -7
ool HE 282 dHe] U unicincuss}
Zel g A A Age QA FEAA B
& glont, A3ap Fg2 AN FBY deHq 2 ¥
S8z 4deA 4lof (Reverberi, 1971; Verdonk &
Biggelaar, 1983), U, unicincrus®] 7% A3z} <13k
FRol=a GATE FIIAAE el 9k A
22 B 5 gldda AA o] 25EA A2 Y E
= wbrst FES v x3E 4EEae %?—*1 &
=4 oz 9% 429 717 A8 B2 9 99
o & BAEE, £ =97 5 4A R
He et ¥EGe A4Hd AsA FEF
297, 297 Fo ALY = 2eHSchroeder, 1973;
Del-Pino, 1989). U, unicinctus 2t e A 35} =13k
FFgen $A4 5% A8 A AT 4o
A Spiraliansl Ay 37 oelfim A
F A dgd SuFES AFEAA B S 4
v =xoz dwA sl 16457 o3 U oA
di g7 7l oy AelE & sl At
D40}, o 7 7Y I AR Holdl A

2 & slgdet. oot Zo] Ul unicinctus ] L&"%ﬂm =
ol gt AM 2 B, Aol AHdlA e ST FEo
FHEES AR Gl BeAE
#HHFE J OY dAFE F Spirdiost fASPA
T Acdlen, ATy WYyHE P SEHHE 3
Y Aoz AN B8, o2 o $E4 A
AA E45 dAE 5 sld Aoz AkeEgd

B A7 U unicircrussAghel| 4] o3 oHEky
2 4-elss] 879 AuNDe ZARE 2
oot FFe] wd2 FHARRd AR AdFA
Qo] R Ao B 4 8ok Too-, -p- 72
e o weRFEnA BE el 7 3 G
2 fARRd 717 B9 421 HARRE 2T
FEI-NB34 SUoT WA 9T DAA
F44, F FHF 71890 e Hez #EAHYGH -
A2 8H £714] 9 (embryo) & FES A HEH

~H

rjg

2ol rLr

< o 212 RHe] B2 I(pole)e] ABIL
o] 714 A Hulsie, 1FFe] Hx FAHED

FAsh Audgen 4 45 o2 W FEHE A
oz owere A3 dge gE aRd e

S chobed el FHTolg ork, WIS 45 o]
22 g s 979 el 483 $8F Al
ol 457 Ape|2] AR wide] Fhsdh Aoz AT
of. olef Zo] FAREY 7|7 Fled = A4
S S5 BT AU D 3 S 08 o) (Hamis
et al., 1980; Sluder et al., 1989; Hamagauich, 2001;
Ustaks et al., 2002)2 A2} Zo] dB A FE,
FUFE, BYFE T4 B 5 4H(Verdonk &
Biggerlaar, 1983) v}43 el &78 14 =
r F44e 27 idY JA2 4% F sd=%
oz ARRHGe Aales] B W), U uricieciuse] A
A3z FEaA Z—8M E)o] FAH (sinistral) ol
Aoz 0oLl 4 FEEIZ—16)
o] HdAelde A4 F5E 5 sl

23
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FIGURE LEGENDS

Fig, 1. The eggz prepared from ovary showed often cytoplasmic indentation and muclear invagination which recovered round-shapes
either by fartilization or resispension in seawater. > 400, It Cytoplasmic indentation,

Fig, 2. Fertilization recoverad the round shape of the egg from the indentation and invagination. GV Germinal vesicle,

Fig, 3. After fertilization, germinal vesicle brealidown (GVBD) ocerred and vitelline layer was elevated to its fiall thickness (14—
16 pum).

Figs. 4, 5. The lst and 2nd polar body appeared at vegetal pole after 40 min. and 20 min of the artificial insemination respectively.
FM: Fertilization envelope, P2 : The second polar body.

Figs. 6, 7: The lat meridional cleavage waz equal and holoblastic, began at animal pole forming the intermediated heart -shape of
ez ffom one to two call stages. Pi Polar body.

Figs. 8, 9: [t was suggested confractile ring could be zeen at thiz stage. but electron microgcopy revealed the cytoplasmic furrow and
its membranonus structhures extended to vezetal pole.

Figs, 10-12: The 2nd meridional cleavage was also equal and holoblastic. Taking a view from animal pole the four blastomeres
were not aligned evenly, but one blastomere positioned dextrally above the other cell, implicated a feahire of spiral cleavage.

Fig. 13, The 3rd cleavage of U, wnicinctus was equatorial the blastomerss of vegetal hemisphere displaced obliquely from each
blastomere of the animal hem isphere.

Fig, 14, The 4th cleavaze was sugeested to be meridional producing 16 blastomeres.

Figs. 15, 16: Elastila were ciliated, mowved fraely in the medium.

Figs. 17,18: The hatching ocowrred at term ination of gastrular stage and the embryo reached trocophore larvas, Ci Cilia,

Fig, 19, After fertilization, It looks like the germinal vesicle associated with anti—c—, —y—tubulin active microtubules appeared in
the cytoplasm . > 400,

Fig, 20, The first cleavaze was meridional, and itz mitotic spindle was aligned parpendicularly to the animal —vegatal axis. > 400,

Figs. 21, 22, The second cleavage was alzo meridional. After alionments of the mitotic spindle parallel with each other, cloclowize
rotation occurred which induce oblique dextrality of the blastomeres af the nest atage, x 400,

Figs, 23, 24, Taking view from animal pole, the mitotic spindles of opposite blastomeras were aligned parallel with each other,
might meridional cleavage. Howewver, az seen in Fig, 24, the mitotic spindles of each blastomere rotated counter cloclowize
and induced aquatorial cleavage, x 400,

Figs, 25, 26. Fig. 25: A mosaic picture of electron micrographs on the first cleavage finrow showed the cleavage firrow extanded
from animal pole to wezetal pole, but interrupted many times by membranous dense microbodies and vesicles. The aspects of
the extensions and interruptions of the cleavage fiwrow have been drawn and illustrated on Fig. 26. Arrows: Membranous
vesicle, Arrow head: Dense hody.
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