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Ovarian Structure and Oogenesis of the Spiny Top Shell,
Batillus cornutus (Lightfoot, 1786) (Gastropoda: Turbinidae)

Gui Kwon Jung, Jung Jun Park', Sun Mi Ju', Young Guk Jin' and Jung Sick Lee'

Wando Fisheries High School, Wando, 537-801, Korea
'Department of Aqualife Medicine, Chonnam National University, Yeosu, 550-749, Korea

ABSTRACT

The ovarian structure and ultrastructural changes in
germ cells during oogenesis of the spiny top shell,
Batillus cornutus, have been investigated by light and
electron microscopic observations. Specimens of the
spiny top shell were collected from the subtidal zone of
Wando, south coast of Korea. Spiny top shell was
dioecious. The ovary was located on the surface of the
hepatopancreas in the spiral posterior region. The
ovary had greenish color in the gonadal mature
season. The ovary comprised many ovarian lobules,
and the ovarian lobule consisted of connective
mesenchymal tissue and epithelial cells. Oogonium
had a large nucleus with nucleolus of high electron
density. In previtellogenic oocyte, small yolk granules
of low electron density were scattered in the
cytoplasm. Oocytes in the initial vitellogenic stage
were connected with the ovarian lobule by egg stalk.
The result of TEM observations showed that initial
vitellogenic oocyte contained well-developed Golgi
complex, endoplasmic reticula, tubular mitochondria
and numerous Yyolk granules of various electron
densities and sizes. The electron density, size and
quantity of yolk granules which were distributed in the
active vitellogenic oocyte were increased compared to
the previous stage. Thickness of egg envelope in the
late active vitellogenic oocyte was approximately 4.4
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m. Cytoplasm of ripe oocyte was filled with proteid yolk
globules of high electron density and lipid yolk
globules of low electron density. In this stage, the
thickness of egg envelope was approximately 6.5 pm.

Keywords: Batillus cornutus, Ovarian structure,
Oogenesis, TEM

M

ru

o~

48} & (Batillus) & AATE & (Mollusca), 5% 7
(Gastropoda), ZA] ©}% (Prosobranchia), 9A&ES 5
(Archaeogastropoda), 42 ¥} (Turbinidae) °ll <3} ©j
ek, AR, tiAF 5o efsictez e Aefsitel] AA
P sA EEstw 9ty o F 4=}, Batillus cornutuse
Felfel Eo) ek el W AFE gk defs) el
W ek 283 Fare] el At A9 kA st A
At 9l AR F57F24 (NFRDI, 1999), A%} o=
o] Feluete] Tog AFARI R o] §H L §lof AbgiA e R

w9 F83k x| ik
FAEES] AN FgaA ol vAlFRe A3 A=
ol&9 Aletd #AE AWl Fo% ARE AT,
ol AES FA Adel F83 ARE AFE 4 9lvh

EE7Y AAAEe} dRAEZe wdke gt A3
Bolinus brandaris (Amor et al, 2004) & ]33} $-g
yellAs AEBF, Haliotis (Lee, 1974), F4wil%,
Chlorostoma argrostoma turbinata (Kim et al, 1996),
=el, Reishia (Thais) clavigera (Lee, 1999), +%17,
Lunella coronata coreensis (Lee, 2000), X»Zi%,
Omphalius  rusticus  (Lee, 2001), 3At}&7],
Semisulcospira gottschei (Chang, 2002), YJ¥31.3F,
Rapana venosa (Chung et al, 2002), Asu|dts

!
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Umbonium thomasi (Lee, 2002), tV&7], Semisulcospira
libertina libertina (Kim, 2004) %ol #3F B17} Qi)

Zele] BajAE AT (Lee, 1980) 9 AlFE= o)
AASR AAEE] A7) (Lee, 1983) 2 S13EEA
sty Base] gle} (Lee and Lee, 1979), WEA| X9
wgel 4t AAA| A4 QA Ry ofeieh mheby 2
ATeAe 2eke] daTzet AP AEE 7IAste ol
wnshnA sk

H

U

T

2 Ao A3 Ak 20054 294E 697kx) Ak
= ke Aabw me] ook (34° 11'89'N, 126° 46'13'E)
oA cholHel ojsf AAIstoct. Al A= Aeb= 41 9

o Wi H91E A3k

Fetdn| A W8 22720 AF2 A &E Bouin
o] mAste] shetd Aol 2l 4-6 pm FAZ A%
3}e] Mayer's hematoxylin®} 0.5% eosin (H-E) 8]
7} Masson AZ %4, PAS 45, AB-PAS (pH 2.5) Hhs,
AB (pH 1.0) uF5-7} AF-AB HH-S A3 223 Ao
A2 A 23}x+= Pantone Formula Guide (Pantone
Inc., USA) & 7|£2% #A3}e, 1H4HEE 43 gkl B
Al8fglet.

E3 A28 (TEM) 22 %2 A2 0.1 M phosphate
buffer (pH 7.2) & $%47] 2.5% glutaraldehyde §-°4°
2 4ToA 2-4 A7 B¢ AnASGF e, 1% osmium
tetroxide® 4TCo|A 2-4 A7t E¢F ZvAd = 0.1 M

1@ @ ol
M,

[Female]

Fig. 1. External morphology of the mantle cavity organs of
the spiny top shell, Batillus cornutus. F, foot; G,
gonad; Gi, gill; Hep, hepatopancreas; Ma, mantle;
Mo, mouth; Scs, spiral caecum stomach.

phosphate buffer® 4|33} ethanol® wHAE e43}o]
Epon 812¢] Emsigitt. 8z F4 < 70 nm
ultrathin sectiong A|Z3te] TEM (JEM-1200EXII,
JEOL) o2 aaslgir).

Axe] 27 4 dute] FAE A3 $l8te] A
2] (IMT, Visus, USA) € AR&-sklet 2 7915 34
A& ol&ste] SA% e GdRAEY A27)E 15-20 3
L, e A 60-70 ISl

oo
e

lolo 2
32 o oX

2 1

1. GEFZ
AE AT F, fokew AT peje] YAae Y
o] Fupn el melEs] €744 4% (hepatopancreas) 2|
=g s sl glglth 2AEAQ B Ay}, Aehs
AgolAgh. A4 7ol P FxA, SR Fuas

Fig. 2. Ovarian developmental phases of the spiny top shell,
Batillus cornutus. A: Inactive stage; B: Early active
stage; C, D: Late active stage; E: Ripe stage. Ct,
connective tissue; Es, egg stalk; Eyg, eosinophilic
yolk granules; JI, jelly layer; N, nucleus; No,
nucleolus; Oc, oocyte; Og, oogonium; Ooe, outer
ovarian envelope; Op, ooplasm.
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S} 18] GRS PR Bl A, SAS S
Upebde} (Fig. 1),

A AL o= gk oo dof SiglE, olF
oJe w5t ‘41—r—4 723t Z.éii o]FoA Ak A
I5E dser dF JJ 257 o] HAANEER T
A=]o] 9lgich 73"-11“1]:& 2 43 ° 2 Hematoxylin-Eosin
(H-E) 9447 Masson "“}T%‘ AoAe FE4E ek
PAS (periodic acid-Schiff) HFg-oll4+= oFA o2 ul-3-3}o]
AALA (236 ¢) & YEFWH, AB-PAS (alcian blue-PAS
pH 2.5) ‘31'*01]/‘1 alcian blueol] SFAHo 2 ukg3fe] F
A (2727 ¢) & YERich 181 AB (pH 1.0) 9 AF- AB
(aldehyde fuchsin-alcian blue) ¥he-oA= 22 FE=A
(2708 c, 2718 c) 2.7 HFS3lc) AuA|E52] niz o
= Masson AHEQA0IA AL depls 259} A
el 27 s B Askea s o Fa 3
o o] AgeAse el 44 Al wet T ok
1’4—

Ao Y FxE o] WAL (ovarian lobule) &
2 °]-r°114 WAt (Fig. 24). s ¢4 oz
g AR, Agalfet 24 2 AAEER 7S 2A
Ao 7 oo ZHE] AN EE] W=} (Fig. 3A).
Wit gelA wEEe AvANEES 18 AuAxe) 3
*b]/‘ﬂii TEEE, 99E AR Aol & i
H zHAIA S| AEAL] YFES AAskL ol (Fig.
3B).

2. AP Y3A

40 i Ol dRAZY g Ao} o] 2 A
o we} ¥4 (inactive stage), Z71247] (early
active stage), 7|34 7| (late active stage), ¥=7] (ripe
stage), "= 9 E3}7] (spent and degenerative stage) =
T2 4 9lsl
2ke] A} 3’]"44*‘% Fetan| Ay} TR 24
W Ft] AR =27 ], E‘M uE, W3 A2, o
, 3] g 9 E
S stage), WIA A
(previtellogenic stage), &34 70A|7] (initial vitello-
genic stage), W33 A &Al7| (active vitellogenic stage),
$ks7] (ripe stage) < oA ©HAZ T3k

K
oX, Fl-ﬂi l‘)’

=

(oogonial

1) G A E7) (Oogonial stage)
FrEn| A AellA, FRAAEES A i A 7k
2 u]ZA7]e] il A erzahii T ]%iﬁ‘r. TN EES 9

FAAREA B2 25, FAZE 47 10 pm )
Agelgich, Ao 271% A7) of 7.2 pmolglon, e v]
AgE o] ol Aol e Axska ggln, A%
Aol 249 vEREL LS AT 4 910} (Fig. 3A).

2) ¢33 QA 7| (Previtellogenic stage)
WA A7) GdRAZES FE A7)} 27)347)
o] oA P 5 glgict o] A7]e] dRAE 27 A
3 9 35 xmeolgith. H-E 94 A3l AEAL hema-
tOthn"ﬂ S8 297148 vehdlen, do] AA]sh= v
£o] A2l w]ste] Zrastgle) @ YellA= 714 d=
o uhedh= Qe A 4 9lglv} (Fig. 2B).

Fig. 3. Ultrastructure of oogonium and early oocyte of the
spiny top shell, Batillus cornutus. A: Egg stalk region.
Section showing the oocyte and ovarian lobule with
well-developed muscle fibers and microfilaments; B:
Ovarian lobule epithelium; C: Ultrastructure of
previtellogenic oocyte; D: Oocyte of initial vitellogenic
stage. Mt, mitochondrion; N, nucleus; No, nucleolus;
Oc, oocyte; rER, rough endoplasmic reticulum; Yg,
yolk granule.
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FAAER Rl WA GdRAEE 9 LY Z74E9 3 (Fig. 4B), ©1F% 722 Yehls duto=
off AR Er} & <& 7HAH, dA = o]F A A o] H]A| o] T =3 en (Fig. 40), 3t Z4]9] Al
AR mepog v2s) PGk ATAelt AR mEZ  clAE 2 g vEEseold b it TS 29
cejole} A EA|E] EE3T i) (Fig. 30). 31t} (Fig. 4D). 37] U384 347] deA Zojx = I3t

shele] wto] F3EHA A2 ellA =l o] A7)
3) W38 A s)A)7] (Initial vitellogenic stage) W2 57 450 nm W] o] Al2A Z9 HX}H]EJ} == 7

FEEnA AelA, 27184719 daelld F2 EEE ¥, 57 2 3.6 pme] AAUES} vhe F7F 3 e F
GEAEEE Y (ogg stalk) & Wil AT A FF 4] oF 340 nme] AAWES A UL w —Hr%ﬂ—"’i 7uy
Wis el wdshs e Btk o] A7]9 dRAIEES] % 9l9lt} (Fig. 5A).

271 A7 48 pm Axe] ERIFolglon], 3 W] st -

el v qlo] A, AXAL 24 k4 FE 5) $+<%7] (Ripe stage)

23k H-E GAlA eosinell uh--3l= A3 35S} FErn| g PRelA F7184719F A57]e] daolA F2
T¥Ae A5l A et (Fig. 20). AL 5 ole S5 dRAEES Aol W= 200 pmEA

TR W Ad, dukd o]Fke] o] Fis) AZAL] FA F7P7L HA2 o] FolAw, pukd A W3
ek AEAAAE 0.5 £m o] AALET} &2 39 HHAEH ¥ T2 dEFE0] AEAS 7S Ae 9
ehild g GEasia AR e s AxpdErh e A4 1.1 p ek L Aol FAldA Be] 7hsstgle ‘}'} Els
m )99 AR Al JeulelSe] #aE gl on (Fig. 3D), o2 A§A EE o, gyl o] B2 moko
2] ZAA opd - A 22 A @9]Ql vaAE = P (Fig. 2B).

Wel vEZ=zlolso] AT (Fig. 4A). FAARN A oA g5 dEAEES] AEAL A
R EM‘ |

A o) dapsh agel AANES] e 2

4) 333 A FA) 7] (Active vitellogenic stage) Z AYA et (Fig. 5B). ©] Al7]dl=

n=R
o,
M
r..E lo iy
3%

FARA7I] G T2 E 5 e d2EA 24719 Wk ‘osé 3 % §F719 dEAEAA g} vp7iA 2 AAk
YR AEEL A7 64 pm Y& FEHo g 19 FA oA W5} o2 A BRo g FRI 2 gl 77t T
i clo] ThgEw, Al EAL 3] ISl 33 A ZA Zoj A RE F 440 nm, °F 5.3 xm, ¢F 740 nmEH
o AHEE AA Y3t (Fig. 2D). A 247 3719 dRAEEe] Wbl njs) FE}

FIAARRA AelA F7] dREA 247 Al npga o) i 2713190 (Fig. 5C).

AEAS] BEIE I} AR5 2715 571 A v s

M_:

Fig. 4. Ultrastructure of initial and active vitellogenic oocyte of the spiny top shell, Batillus cornutus. A: Oocyte of initial
vitellogenic stage; B: Yolk granules (Yg) of active vitellogenic oocyte; C: Nuclear membrane and intracellular organs of
active vitellogenic oocyte; D: Tubular system of rough endoplasmic reticulum (rER) and mitochondrion (Mt) of active
vitellogenic oocyte. Gc, Golgi complex; N, nucleus.
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Fig. 5. Ultrastructure of the active vitellogenic and ripe oocyte of the spiny top shell, Batillus
cornutus. A: Oocyte envelope of active vitellogenic stage; B: Yolk granules (Yg) of ripe
oocyte; C: Oocyte envelope of ripe stage. Vm, vitelline membrane.

i =

Gt GEAlEY A ANFEES s e
NRAZA ol ARA B4 TEE FHT

o] S A 35 271A] Q=] gl
9] Y4494 (ovarian lobule) &% o]F0}# gigic}. )¢}
e el datxe FYWIE, Chlorostoma argro-
stoma turbinata (Kim et al, 1996), ©s2], Reishia
(Thais) clavigera (Lee, 1999), XW1%, Omphalius
rusticus (Lee, 2001), 3tAI}&7], Semisulcospira
gottschei (Chang, 2002) 52 £552 fA}slsict
Zehe] GRIAEE daagl o] oA s, U=
AAstAA W oz EEEe] Wl ofs) wide A=,
ol Iy Fxe ES5FolMe A5, Haliotis (Lee,
1974), 2], Reishia (Thais) clavigera (Lee, 1999), X
W15, Omphalius rusticus (Lee, 2001), +%1F,
Lunella coronata coreensis (Lee, 2000), A3u|dtig,
Umbonium thomasi (Lee, 2002), ¥ %1%, Rapana
venosa (Chung et al, 2002), ©&7|, Semisulcospira
libertina libertina (Kim, 2004) o)A % 2% v} Qi &
W Fx= o)|u|s|Fal Anodonta (Beams and Sekhon,
1966), M=V, Fulvia mutica (Chang and Lee, 1982), t]
2], Reishia (Thais) clavigera (Lee, 1999), %1%
Rapana venosa (Chung et al, 2002), ™%, Gomphina
veneriformis (Park et al, 2003) A% X 1%t}

oA e BEF) olvlhi AAETIA B by

= dEAEe 21 2275k opye) YR AE] 2R
2 324 (exogenous vitellogenesis) ¥ DA% #4171
3t} (Beams and Sekhon, 1966).

WA FARA ] ARAQ A 2 ARl v tha
vzt diggelxs FEEnAEAd 7|FS2 oogonium,
early growing oocyte, mature oocyte %! ripe oocyte<] 4
A2 FEHATY (Lee, 1999). &4t 7 (Muricidae) ©ll
4obs SRR Afeln AR AEE ol
oogonium, previtellogenic oocyte, early vitellogenic
oocyte, late vitellogenic oocyte % mature oocyted] 5 &+
Az FE=E} (Chung et al, 2002). Le|z 24} 7o
Bolinus brandaris?| A=
vitellogenesis, mature oocyte?] 4 WAZ FEZc}
(Amor et al., 2004).

2 ATelA aeke] WA AL FAIZ7] (oogonial
stage), W34 A7) (previtellogenic stage), 334 7l
A17] (initial vitellogenic stage), 3334 &Al7] (active
vitellogenic stage), $%7] (ripe stage) 2| 5 WA|Z T¥3}
Aok kARl 2 Aol WA HAAA sl Fen) A
7)1EelA d3 PR dEAEES Ay B3 A
7, AlZA GBI £} AR BEAE =, ol
zbols 35 dRARS WEHAE FEF GlolA T3]
s ojof & Algow sl

WA FARA Fet TR 24 A 54 Tl v Al
XA W34 A4, YEAES U3 54 e
FATFEA] 719 F-glol| vhet oA W3 SA7 YA

o Rt dEA

premeiosis, meiosis,

3} =74 (endogenous vitellogenesis)
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¥ UgRA A dBEA #4 ole FREE W, i
33 &) ol 9 2HAEA 5o AEA | 473 5ol :
o] 7hr-vll W} Wk R AE] A A AT} A
g AL glem, U ol 23 ARV RES UR
AZo] YAA d3=4x) 1Ag A7) 9tk (Beams and
Sekhon, 1966; Wallace and Selman, 1981).

AAA FEA v AZAESI G Alo]9] pore
canal system< %3 SA¥Z$ (pinocytosis) (Selman
and Wallace, 1982a, 1982b, 1983, 1986) ¥} 1S =3t
o] B yEQlc) Wl 28t WS Anodontadl A 1
F-HelARE 27 250-300 A2 mlAlLTEC] FRAEATL
A wkdslo] G A Z ] 2 gl 2275 @ittt ofee
o] F-glollA I3t Ar=AEo] A oz ool P
W] M EA Y= o]FEE TE5lo] BuEgld
(Beams and Sekhon, 1966).

WAA d35A-2 <l (nucleolus) ¥ Balbiani bodyE ]
F3t A2 &7l o3 F2 o] Fo]x]=u| (Wallace and
Selman, 1981), Neomacheilus barbatuluso|AE FEA|
¥ e mEZ=2lole} multivesicular body”} o]t}
(Riehl, 1978).

NEE 5 SiF dRAES] W
Eckelbarger and Young (1997) <& 4=
SAL v AZA L} IA7} Qe §
7] Feje] W FA S Bl A 2T A e
FAA Y A3 AdS T AEA W] A} 34 3=
ek A ‘ﬁﬁs}x]% WA m|EZ=eole} 72 tieket
ulAlFxo] 23k 7, wpAw e 2 endocytosisE £ E}7}EH
A (heterosynthetlc) ot}

t&7)e] dRAE U eA Wy 2 WdEkeke] widy
AzA Yol =HLEAS} FAA 5o AlZLr|de] weEE
E o], t&7]9 dRAE | G52 A4 et iR
A upbge] ofgk Aoz ¥ uFE} (Kim, 2004). ¥42} 72
Bolinus brandaris®] 7S W3k %2 9pde Fod3k
BA|ZA A FAl AZA L 23t A A whH 2HAEA
of ok WAl whgel o3ttt (Amor et al, 2004). %3
Meretrix Iusoria®] 735-9% A X275 23 YAI4 1
Wk e mAlgRE 53 oA A whel oste] W] &
A=} (Chung and Kim, 2000).

Zeke] GEAE A A U3 49 Sl
o] ko] k|l om WAl 3} 5‘1‘7—4'94 74l <l

FA40]  sle]
AEe] B 22
e, ol52 Al

AE7)3he] FAdo] AT Aeke] FEAL ) B 54
£ S g 24 e UAE 4 4 el § 7

= A7k
ﬁiﬂ%%ﬂl R Wby Eeb vk

k3
ol
fo
=
-
X

Batillus cornutus

2 54 7k s dre] #stolrt. 3} (Chung and
Kim, 2000)3} %¥%, Mactra veneriformis (Chung and
Ryou, 2000) 2 $7] 43347 GRA L] 3] w4
$37} EABEY, o) vAEEE Fa) U 94 B
AEA ko7 EZojria Udlo] A Htly Rusldc) oS
ulAl-g2e ZAol= wEXxI, Gomphina melanaegis (Lee
et al, 1999) °F 1 pm, 548, Spisula sachalinensis
(Lee et al, 2003) ¢F 0.5 xm 181 t}&7], ¢F 1.1 #m
(Kim, 2004) & X353t}

AJeAS Al 5ol Aks M He FAFE= 7
3 Apaeqeie de wash] s Ansa e
A7 2o g & E#I 9lt} (Bolton et al, 2000). ©]
o5 M=), Mactra chinensis (Chung, 1997) £}
g (Chung and Kim, 2000) &] A&yl datdle] #3tg]
S, oled] W& Asor o] itk W
3} o)ujsfFel Callista chione®] 73-%-9l= FRA| L7} Y3t
PRGN FelEHA Ae)Fe] I (Metaxatos,
2004). 5Z579] Tegula funebraliso| A% A5 Wt 57
250-260 pme] AgFox Fepate] glvk Bus nf gtk
(Moran, 1997).

Hylander and Summers (1977) + AA} F4-< 29|, &
& e AATEI} ‘)rruﬂiiﬂ et dgte] glehar sjgd
o Chang (2002) & t&7)Fw 4 A T G
Ae2g {7 EF5)7] s AR A7) s more
st gl Aoz Fgshach

B dTelA Ak g dRA|ZA AA dke] FAE
6.5 pxm o] Ae)Fe] FAE F 53 pmT AR,
o]= Jung et al. (2007) o 2Jsl|iA 2ol L2} Azl T3
7ol °F 4.8 pmol ¥ v F7E AHE 2ok

m

b3

o OF
= =

48}, Batillus cornutus® Y479 GRAE
£ B3| A R4 (TEM) = o83}
He e Aol A tholwol ofsf A=

mi

=P ot
Fig

L

(
-

skt sisiel, R 19 dRARE AR A
5 shggo] AAs) Qi W
A FEAZE Bl SJ8) s} 2] 93
W, TR i A,
ER LA, v EZECole} 2

7 sk, Ae 799 9

e}, Ae)

ABPIZA At SR 2] 21 2902

o 95 Aw ggEel ggion, A% AVl dat 54

2 Uehggich el gy Tas r4~r4 Haages 74

5o} giglom, Waagle ALY 1FATEA 0T T

so] ggieh UUALE 2 dn A4} FE AE T
4
o

AEAGE 2 s 24
o A4 AR e} 2
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717} vkt aklele] v EAlsisieh. ol Wkl A
AQEst 27le AgAe] Gz Sisiee. $71 ¢
FY4L719) FRAZY W} FAE oF 44 pmrh 4
S8 FEALE ATA AGUES} 2 4] daa
9o AAUES e A4S dREoR 1S A glgle
W 57 ok 65 umal Wrelol <Js) Eeine] 919
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