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ABSTRACT

Oocyte maturation of the swordtail (Xiphophorus hellerii) was investigated by light and
electron microscopy. In the ovary of the swordtail, various staged oocytes were observed.
Mature oocytes were located in ovarian cortex, meanwhile immature ones were positioned
in ovarian medulla. The oocyte was surrounded by several structures or cells such as
chorion, follicle cells, follicular theaca and ovarian epithelium, respectively, from the
inside toward outside. Growing and maturing oocytes beared numerous microvilli which
interconnected the oocyte and the follicle cells to communicate each other. The mature
oocyte had the electron dense chorion which appeared to be ultrastructure of two layers
and contained pore canals. Oocyte maturation was characterized by not only the enlarged
cell size and well differentiated cell organelles, but also the increases of fat droplets,

pinocytotic vesicles and yolk granules.
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3t SARE YAskE, ZA e F3E =i
F Aoizt Aol 24 Hed, SIS swor-
dtailZ o 7)ol &3t WA 2o} Fepdel o BE
3l swordtail-& pH 7.0~7.4, & 27~29°C A
=98] g AM MAEe AL rr) w2, A
717v 4AE gy ko] el folEiet F
TolE swordtail & |83t A ghe] 71, A
T} wuly|Hate) A, B wpE A4F
719 W3t #9, AslA Al abE Foir)A,
frAdztelal S B3 WA 5o H3 Ao} L
3] &Y H 3 9o} (Petry ef al., 1992).

o] 8] e A o) FF AHoEN
e A7l vhge ol Fol wiel Fejo) ohekat
b, dubH ez A7} FFo F o] LA Wef
Ut P &3] L3R FEF] AXERRE B
ot} dolHe] ol Fol N A dZRE A}
' ASE U = 2eoF, vieves}, wWest F
of &3 FEL F5 G} 5 dhe =7
7} ZkolE Holw, Age] AdEe] die) =77}
AR 23 of Fel A "o FAS A
- davt wEdgel et gF Gl AFEE F
o] AFA Hg vl A7 FurhA] Agsie, A
oJoll e AARGE e = gldh o8 Z
of o{f ol wet dAe) $A| 9} Bofo] thEH
2 Folatx adwtAl o] wpel zokz X7} Wt
A e}, Aol daiE U= (gymnovarian type)
348 (cystovarian type) 22 TEEHTH &
{2 da AR dRsE A AT xZEe
UL, FAEHL Fey Bfe] dad gET) A
3kl 9lom A ¥ HFo] Wyl
WA et AbEdARe] et (chorion)& FEAE
A A Sl FA DAF el B2 H
Zo F83 9L A A} (Guraya ef al.,
1975; Tesoriero, 1977; Kjesbu and Kryvi, 1989;
Yoon et al., 1993; Jang, 1994)., ‘FAe] A
Ex ANEELE Filo AlGEAES I9 Al
G R A Fol| = F3E (yolk vesicle)7} A E4 73R}
ol YAgHe HGFFE SH3= oz d8A 3l
ot 3R Al 2gppid A Fol A= G
AARA L SFEA ] dxN FAHE 27

A) (autosynthesis) 3} FA}7}F obd ok 2 M EolA] &
Ao} oo} AAL Bale] Al W2 o] FH o]
22 5= e}/ (heterosynthesis) 0.2 TR E )}

o] Fo FAMAAAL Linmanda yokohamae
(Hirose et al., 1979), Boleophthalmus pectinivost-
7is (Chung et al,, 1991) 2 ¥)2}u| (Jang, 1994) =
oA RIHPEH, dubdes 27)43 (primary
growth), ‘FSE 4, IYA L A5 4dA =
TRE w3 AR L, FY 9 A" uE
3229 W3t 53 #Hel v Aoz Ud#A 9l
o} (Yoon et al., 1991a, b, c).

o9 dEMEE e, o EAE (follicle cell),
o £} (theca) I o FA] (follicle epithelium)&
Mo glom E3] 372 chorion (Hisaoka and
Battle, 1958), capsule (Anderson, 1974), egg en-
velope (Wourms and Sheldon, 1976), egg mem-
brane (Stehr and Hawkes, 1979), outer envelope
(Dumont and Brummet, 1980), egg shell (Grier-
son and Neville, 1981), zona radiata (Schmehl
and Graham, 1987), zona pellucida (Hamazaki ef
al., 1989) F2o2 F¥HFHA o IR FEE
F Solge] glom, dwpoE iy We i
o) gout, AW L W] FAT FRTES
o] £ Aoz 434 glc}(Wourms and Sheldon,
1976; Stehr and Hawkes, 1979; Dumont and
Brummet, 1980; Grierson and Neville, 1981;
Schmeh! and Graham, 1987; Hamazaki e al.,
1989; Kim, 1993).
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9] FFAM BT 8AIZHY ¢ AL FAXFH
oFolslala, Hel AXHolet F7IARE 4 9
Al8} % 5Ale FF3 ek Fele sodium thio-
sulfate2 AP G425 AAF F Aesgda dF
Aol 1/44 FAz o

2. Ay

pednyd 22S AR &, As
swordtail®} w4AE AE3dled 4% formalin® IA
F 325 Eof 12412 AR oig TEASE
22 ZF 1A gAY 2L xylene2 2 A
3tA)71 F paraffine] Ev]3dte] microtome (Rei-
chert-Jung 820)& AR&-3te] 3~4pm FA9 AR
£ A)2HE ¥ hematoxylind} eosin® 2 o] FH A3}
of FAsIATh "AEW A ARE AEF H4E
0.1M QAbgHEel (pH 7.4) 22 A 4d (2%
glutaraldehyde, 2% paraformaldehyde) 22 4°Col}
A 1Az AR F GA2 R G Bl
FTYg $92F 9] 347 TAsE 0.1 M QAR
FAez AFBIAT oleiA 1% 0s0.2 2417k 3L
A F g FE ASELE LI propy-
lene oxide® X &3}o] epon EgtHe) Frisleld).
Uitramicrotome (Reichert-Jung, Ultracut E)S A}
43} 50~60nm T 2ARAS WE F uran-
yl acetate®} lead citrate® ©]F% 4 (Millonig,
1961; Reynold, 1963)3te] F3A=aln]7 (JEOL,
JEM-1200EXID) 2.2 #3Fsiqi}.

o

z =
1. Zshsiolz B

Al swordtail®] dae Aol fF3Ho
2 233 S5 4oz dNsger daele
Topt wg WAl gk dEM IS Ryl
o] AL AR PA%T Sgiet
(Fig. 1), viAs dEAMZXE 7] 0.05~0.15
mmE F2 dde] QA gAsdt. g%
of AT IYLS PP IEALE AL
0.2~0.4mmy o FHFESo| HEAe] 125 F
zahgch FRYYS v AET G Ee) 97

£ 0.5~0.6 mm HEHoH dhoFst =79 Jatzt
HE BAak A (Fig. 2).

2. Mxjgloly o

Swordtail®) v]4%3 FEAEE FHoQE, F
2 AGNAR AYA dx el AxREr ¥
2 Qo] Fslgy, Futel= o] HFEo] B
zagoh =3 AxAY-ME 73 rEE=eE
ol v AR, AWAHE ZEA e,
8 BlEEEe] o FEIT gl Eegd AT
4= 21%1v} (Fig. 3). Swordtaild] w4 d¥AE=
Gut, ZAE, x93 TN EER R
of et A EE AYsigor ¢&oe A}
U7l @#dd 5~659 JFte] EAFGUT X
2] Eoe HYI JEZA T FRAEE EF
AT Ao JEMEL] HEAo = 2T 2}
nEE&=glolrl WEe] lgich AZAE G
AZE Atolol M F-& Ftel EASIH LA o] T3
WellAe e ze] wgdy wAges 3R
ot GEAE FdeME AAYEsE Y ¢t
FAF7] Azbstg o GEAze] @ vN$EE
o] Yute Tl gch FEA T MEAE
frel BRESe] I2A EExd: o FAE
A 2 v|EZ=e ol sl (Fig. 4).

AEFe FEAZE g3z wdE] e ¢
o) ETANER F8 Ao QT AZHEES
B A8 == dYPo T NEAE S dE
H ol W& vlEZE=g]ele) 7} Frlsidles g
A BAZ Mol W AAUEs}L F7)3)
of B% Fs A AP FA GEA
o AlxAd ¥ dFHTME AALESL v
A 2 A3l PAEHY] Ao nEE
=opyl IR E Fuoz UAHE AL Hch
FEAZ R AALET w$ 2 I3 ER
AALE7} Blwd G2 xubASe] g WA EHe
AE EFE FFE $ Udo(Fig. 5). =3, o
Al719] dhe TS9P ew AREEs} 2 93
o AR =7} 2 fF R Fgeo] FRHUL o
Fo) dug e FAMezr REIgd(Fig. 6).
g, dEAEY vlH§RE oL Ui en A
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EAANMNE GBEF] Yelr] AFERERE, 22
HEELL ME §3ste E ISEE JAI}e F
A= FAHGE =3 vjEEZEe]ele] Fe2E)
TRz e R BHES ¥ FAESEAE ot
o] AT AxAe MR« = F4E (pinocy-
totic vesicle)Ee] o FRHYTH A& FEA
2o e o] gl AHALEE Wtz o
o GRAE AZAEY AFREL FHFE
FE3E sl 59 dFe M2 HEI|e A
Lz #as Y (Fig. 7).

n #

H2TEe) AL FRFol Lofutgo)
A A2 TEE oJFe) HSd NE E7 AY
27o) webd chEd YREe] AT)FE A
Esle] AR Sl swordtailS el
A& Foje] AT

Fegn7 ez #A3 A3 swordtail®] wHirel
t ohorst A% wAle] e GFEAME ] Ao
AT, WFo] AYL5E dae] FARE EE
sy ol A%d FRAEs} wEsr] $95}e]
A WA Aoz AN, dwA s} Y%
& AWM 217k Fobsle AL £ F o)
AL golabl s 18] FHEAL Haksla ¢
g A ATZ7)e Buke Asr] g T
e = A zHe o)

o A<s Ao GRAE Fud X G%
AEEL BHsgot &g weh oz
Waled ol2jgt AXe) Fel Wl oE FZdA
= gwpgog BEYA T swordtaild] A5 ThEe]
AZANEES 2 THEEAHE o2 92 g o
23 9ok ST FEA T Wure AxYE
7} B3 gAR f2oz BT ofx s 3
HE o] YA $&e sl on] duAEe
AEAE 2R, nEEEl 9 TR B
A Fo] A 2EsT lgich =T, dEA T
o= AGAAe] WA Bxslw, Aol o
o #FTo) BEaT Qlgleh ol WFWY A
Ao A FEAEE) ko] Bag TASY YA

o)-$- A dojut 9SS BT Aoln &
3] Fe) e A ATz EAgte] w2
A elFelAof i AR WAT o] g
Aoz P4, o) Fx24 EAL Gadus mor-
hua oAM= E3E vl 2ok (Kjesbu and Kryvi,
1989).

AF] 7] e F&=(Flegler, 1977; Koba-
yashi and Yamamoto, 1981; Jang, 1994) Z=X A
Z (Anderson, 1974; Cotelli et al., 1986) 22 FA)
o] Q)=d Gadus morhuse} d= H&2o2 od
o (Kjesbu and Kryvi, 1989), FX/ 4o
(Yoon et al., 1993)¢} ¥]elu| (Jang, 1994)¢] vt
2 F2o2 dejvt. A AFe Cynolebias mela
notaenia®] I HFo2 FAF ] glom HFEA
F9] =7|7} 250 umol} o] EH 93] YAIH 7] A=t
st dEAEL =Z7)7) 360 pm7t Hd A A P
Do) EHFHA FEME o WFe] YA
HF 7 Fo] M2 §¢HE AoE Husglen
{(Wourm and Sheldon, 1976), o] Zo] &
2 AFLE FIHE 75 Yuld gEAE o}
2 odelA oA g

dA el el swordtaile] ek FEo= Azl
Z7F 22 5 AAUES) @2 WEer FAEH
glm wutFe] EAste] FEAMESL} o EMEL]

CoAdgEo #EET 9 FE¥AE sword-

tail®] Fh-& FA 7L 0.4 umZ Al Fal Flen] e
WA oF 1.5um Mo} gkghrow] daei {o] et
o EA3l= AR B2 B (micropyle)-& 3
& 4 glsle). ol: swordtail®] X7t A S B
33 9ledA (Lim, 1994), Foh& £3 Soj7 £
%7 wEel Zor A, dte] F FAAE
2 ‘?l'“‘l:]@i 2 FANEL Gadus morhua® 7%
ZAzFHe] B%ed o]2x ALeR dF ) (Kjesbu
and Kryvi, 1989).

Ao Beg (EAL F2 zhAM utE
o]z gL Fdlo] AR gubselzlch B o
o] A3 FRAM A FAF utel o] wA§-
59} nAEAES] g ol IEHEAY] F
71%& EFxA717] f3 AAE gddd. =3
RAEe} XA EE] vAFEIE] HWHI TFI2A
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B ol A £ Rl HAEAME
7b gl Q&S AAEEE e A JdRA
o] AEAE AUNAHEE FFEHYEE o AE
2 zA o R IxH=E deA 93 (Guraya,
1965), MExAe] AL A F wpdAd-L H3
FYEAZAN 7)%5E Y ALz Yl

AZA 02 swordtail®] HEME AHLzA 4 9]
M HEZAN AEXA|REe] Frisleen 4t
< Az} odgEe] dRPAAAF AAL RS} A2
g2 5355 oRelohl As dEAZGA o=
| o 23] FAE gt =3 SE:A XY
GEAEZ wA$RE 53 HEWEE AL
2R GRAE U] 8TEHE AL =
Aste EAE] A=A, ol AAEL
swordtail®] FRAE A& apday o) g
23 EAES P2 w3l A w2
o] Wtz Ayztglo)

98 5

7 =

A3} swordtail (Xiphophorus hellerii, Ory-
didae)®] HEAE H4oE e FoeAD T
A8} A S o] 43l FHHLR FAse] g
2 AHES A4

1. Swordtail®] darelli= vt A& e
SRHEE] BEXger A5y dRAZILE
A Fo B2} GEAEE XA Y], X
AXMES Z oz Feae Qs

2. dEAMEE ASAAE B3 =277} Fobs
I 8] B, vEE=ee}, 2HAIZA U X
B3 59 MEAV|HEC] WHEIsien, AsF
o dEAZEE FATES AT vMEEE I
AA AZAZEY v FES dHFE 53 A
3oy SRz HE Fag EAY Y& &2
e AoE AEsH

3. HEAEL] dhde] AYISLE Gk AR
Z7b Fpske, sy dRAEE FEeR F
o] TEEUL, FEAALZ widd d4TFES B
L et el M EE2 FHEAEA] st

oAbzt Zro] swordtail®] GEME &AL A

TR ARG Frstaia) dute] Faisix]
3 45F FRAZANE GRS} Sehe]
AXAEEL] vMgEe AHAEFoETHN G
283 24E Fiske Aoz AZEn dEyy
H4F dhe F2o0z Pelum dah] YAT ¢
EAZANE AALES 5 dute) 93e) T
7 2312 gholle A2 vk},
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FIGURE LEGENDS

Light micrograph of swordtail ovary. A cross-sectioned ovary contains various staged oocytes
which are characterized by the enlarged size and congested cell components, Mature oocytes are
located at ovarian cortex, meanwhile immature ones are positioned at ovarian medulla.
Hematoxylin-eosin stain, X100

Light micrograph of a mature ovum in the swordtail ovary. Note the numerous yolk granules
and fat droplets in the cytoplasm. Hematoxylin-eosin stain. X200

Electron micrograph of a part of an immature oocyte showing electron lucent nucleoplasm and
numerous nuclear pores (arrows). There are oval mitochondria and free ribosomes in the
cytoplasm.

Electron micrograph of the immature oocyte and its surrounding structures: Flattened ovarian
epithelial cells, electron dense theca layers, and a flattened follicle cell are observed. Trans
ported vesicles (arrow) are seen outside the cell and well developed cell organelles, particularly
Golgi complex, are prominent.

Electron micrograph of the mature oocyte cytoplasm showing large and electron luscent fat
droplets and small electron dense yolk granules,

Electron micrograph of the chorion of a mature oocyte. The outer layer is more electrondense
than the inner layer and there are numerous pores within the both layers.

Electron micrograph of the oocyte in vitellogenesis showing outer and inner layers of chorion,
and the increase of yolk granules. And the chorion has numerous pores through which microvilli
extended toward the follicle cells.

Each scale bar on the electron micrographs represents 1um.

Abbreviations
Ch : chorion Ep : epithelial cell
FC : follicle cell FD : fat droplet
Go : Golgi complex ICh : inner layer of chorion
Lu ! lumen of ovary MYV : microvillus
Mi : mitochondrion No @ nucleolus
Nu : nucleus OCh : outer layer of chorion
P : pore T : theca

YG : yolk granule YV ! yolk vesicle
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