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ABSTRACT

Gill morphology and ultrastructure of the spiny top shell, Batillus cornutus were described using light and electron
microscopy (SEM and TEM). The spiny top shell, Batillus cornutus has bipectinate gill. The epithelial layer of gill
filament was simple and composed of columnar epithelium, ciliated cell, mitochondria-rich cell and secretory cell.
Microvilli were well-developed on the free surface of columnar epithelial cell. The epithelial cells are connected to
the neighboring cells with intercelluar junctions at the apico-lateral surface. The cilia and microvilli were commonly
observed on the free surface of ciliated cell. Tubular mitochondria appeared in the apical cytoplasm, and
connected ciliary rootlet. Mitochondria-rich cells contained a oval-shaped nucleus in the basal area. And majority
of cytoplasm was occupied by well-developed mitochondria. Result of AB-PAS (pH 2.5) and AF-AB reaction
showed that secretory cells contained mainly acidic carboxylated mucosubstances. Secretory cells are unicellular
glands and can be divided into four types (A, B, C and D) depending on the cell shape and ultrastructure of

secretory granules.
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7} F7HE 7= gk o]3d R dAlTES Bk §8
& 7% 7ked shvE AeEx 9tk (Atkins, 1937,
Starobogatov, 1992; Zardus, 2002; Cannuel et al.,
2009).
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(Villers and Hodgson, 1987), Haliotis asinina
(Wanichanon, 2004)$} Patella (Aksit and Mutaf, 2007)
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Fig. 1. Position, external morphology and regions for histological analysis of gill of Batillus
cornutus. Ac: afferent canal, F: foot, G: gonad, Gi: gill, Hep: hepatopancreas, Lg: left gill,
Ma: mantle, Mo: mouth, Rg: right gill, Scs: spiral caecum stomach. Dz: distal zone, Iz:

intermediate zone, Pz: proximal zone.

60.0-69.9 mm<e| At g SAIAE A5 F, 3
Fote] $-5 oprtulE A FEEn 222 AT,
S, B E Yere] Akl (Fig. 1.

F3tev]) 7] 2438 AFE A5F Bouin £l 1247
St Ak, 24417 St AR 1§ el ARy
of 93 4-6 pm FAZ A% ARAIIE TEL Mayer's
hematoxylin-0.5% eosin (H-E)<] 8|23, Masson A%
AA PAS ®HS AB-PAS (pH 2.5, 1.0) ¥+ 2 AF-AB
(pH 2.5) uF3-5 Alaslgie}. A 2] JAxlsts #4
Pantone® Formula Guide (Pantone Inc, USA)E 7|2
7 IfeE B el ZASGI

AAER A =272 AZL 0.1M phosphate buffer
(pH 7.5)% $547] 2.5% glutaraldehyde 4o Z 124
7F EoF AvAsgen] 1% osmium tetroxide (OsOy)
(Sigama)® $1A43%F ¥ 0.1M phosphate buffer® A% 3}
3, ethanol® WA B3lgitt o|F FapAAEW]A
(TEM)L. 2 #H2317] §J3)] o] ZA] 22| £uj3}4] semithin
section ¥ % %7 70 nm2| ultrathin sections |23}
o] TEM (JEM-1200EXII, JEOL, Japan)°.2 ¥33}$ic}.
FAAAEN A (SEM) #44 B 22 amyl acetate® 20
# 33] 2|33}, COp 7hA% AT v 14 &<t =l
< $3%te] SEM (JSM-7500F, Hitachi, Japan) 22 ¥
sgict.

4 a1
1. 333dv) 33 54

zete] ol el skl opbule) FARIL slpe
o dsol 957 How BAso] gon, 1 A Y =
o olich. Al AAApo]w, ol T Aol } lgiet. of
TlE obrlu] 53 FHR 22 oprjulsh 9% opslu
= 782 + U9 Fig D.

ob7ln] F7H- Qe Hel: 2 7-9 em AL 7
3.5-4.0 mm Pk 2AFRAA A T A7
60-80 pm $louh, MG welAe TEFEHRE I
Ak oprbu] o] Fdwel A 7h e AR, FUR, T
FollA HE 2x3H oz AolE Bk

A AR AL AN TSI} AzgFow TH
ek A dFo s 9539 AvAze AaHzE T
AEle] itk AANZEL PAS ukSolA= FAA (256 C)
2 F Wke3lgl1, AB-PAS (pH 2.5) vkgollA AALA (256
)7 =1ghA (299 C)2.& whg-3lglom, AB (pH 1.0) whs
7} AF-AB (pH 2.5) 9F&-o|A alcian bluel] 744 w53}
Atk (3115 C, 542 C). AF=AF5E 4F ZAFE=2 dF
o] Fel ARER FAE] ek Z1ARs 949 Al

o o

e

9] 7]A¥= Masson's trichrome stainolx F24 9k-3-s}
= & s el ARy g A itk ERlEEE
FALR Fo] A u]Eo] wdEe] IARE AN Z
TXo} ARde] ddA == v Wit} (Fig. 2).
NG F7HEe] AuEe d=ow AFF A9AEER A
] X

% wao] ggint AANEEE PAS

2.5) Wkg-ollA A4 (256 C)F kA (299 €)o7 -3}
gemn, AB (pH 1.0) -2} AF-AB (pH 2.5) WhS-<llA
alcian bluedl 73HA Hks- (3115 C, 542 C)3lt} (Fig.
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Fig. 2. Longitudinal section of proximal zone of gill of Batillus cornutus. A: Section showing the epithelial layer (EI)
and connective tissue (Ct) of basal plate. H-E stain. B: Section showing the muscle fiber bundles (Mfb) and
collagen fibers (Cf). Masson's trichrome stain. C: PAS reaction. D: Section showing the mucous cells (Mc) of
alcian blue positive in epithelial layer. AB-PAS (pH 2.5) reaction. E: Section showing the mucous cells of alcian
blue positive. Alcian blue (pH 1.0) reaction. F: Numerous mucous cells of alcian blue positive. AF-AB reaction.
E: epithelium, Gf: gill filament.
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Fig. 3. Longitudinal section of intermediate zone of gill of Batillus cornutus. A: Section showing the lateral cilia (Lc)
and hemocytes (Hc). H-E stain. B: Section showing the simple ciliated columnar epithelia (Coe) and
hemolymph sinus (Hs). Masson's trichrome stain. C: PAS reaction. D: Section showing the mucous cells (Mc)
of alcian blue positive in epithelial layer. AB-PAS (pH 2.5) reaction. E: Section showing the numerous mucous
cells of alcian blue positive. Acian blue (pH 1.0) reaction. F: Section showing the mucous cells of alcian blue
positive. AF-AB reaction.
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Fig. 4. Longitudinal section of distal zone of gill of Batillus cornutus. A: Section showing the hemocytes (Hc) and
hemolymph sinus (Hs). H-E stain. B: Collagen fibers (Cf) and the simple ciliated columnar epithelia (Coe).
Masson's trichrome stain. C: PAS reaction. D: Section showing the mucous cells (Mc) of alcian blue (pH 2.5)
positive. AB-PAS (pH 2.5) reaction. E: Numerous mucous cells of alcian blue positive. Alcian blue (pH 1.0)
reaction. F: Section showing the mucous cells of alcian blue positive. AF-AB reaction. Gf: gill filament.

, 24

Fig. 5. Scanning electron micrographs of gill surface of Batillus cornutus. A and B: Frontal cilia (Fc). C and D:
lateral cilia (Lc). E: Interspace of frontal and lateral ciliary zone. F: Secretory pore.

2. 47w 34 54 gglon, AATFEE Aol FulAEES] Fulgo] B
1) FARRIH0Z (SEM) 255} (Fig. ).
SEM 3% A3}, Aol 3 chi e gueh vAlges
2 9of gigiek shAR A AT S0k Al S9S ARY 2) Samxs0 (TEM)
Aol 57 w6299 AATAEEC] AY BHE WY TEM w3 49, A9 4915s P AEEe a7
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Fig. 6. Ultrastructure of epithelial cell of gill filament of Batillus cornutus. A: Section showing the
hemocyte (Hc) in the hemolymph sinus. B, C and D: Section showing the columnar cells. E: Section
showing the epithelial cell that have absorptive function. Bm: basal membrane, Gg: glycogen
granule, Ly: lysosome, Mt: mitochondrion, Mv: microvillus, N: nucleus, Pv: pinocytotic vesicle, Za:
zonula adherens, Zo: zonula occludens.

Fig. 7. Ultrastructure of ciliated cell and mitochondria-rich cell of gill filament of Batillus cornutus. A:
Section showing the lateral ciliary band (Lcb) of the filament. B: Ciliated cell (C) contains numerous
mitochondria (Mt) in the cytoplasm. C: Mitochondria-rich cell. Bm: basal membrane, C: cilium, Gc:
Golgi complex, Gg: glycogen granule, N: nucleus.

A A E, ARAE, mitochondria-rich cell &1 #u]A] Al do A F2 FEEE AAEES o] 14 ¢
X2 78 4 38 m Hele] A3 AEZA AT Fof olefiZel elAF ] 3
AT ELS FHE °ﬂ g 7|AE FACE H3lE < 7t} (Fig. 6D). o] A9AZEL T5482E AHd

o
oTl"

= =ML led (Fig. 6A), AoAEEe] Aol= o °of Aol 1-2 pm W&]e] vAgEEe] wE o] F §lgler,
7

soteh. AR ARl F2 AR ATATES o] oF QAT AESIE A S0e] sz A=) slsieh. 1
24 pm2A PR 7 A4S AT Fig 6B). FHFl  em ATAGE Tl vETEelolE AAH, $4%5 2

F2 SAee AUAESE 2] 10 pm AEEA A F g2 Eo] B (Fig. 6E).
EEE 7P 717E Atk o]E A4 8 pm wie]e] At AEAES AGe] SR (Fig. TA)NA 17 22

gud

S Ag A, A FYO2 A% ABAE AARE T 5 P, o)F ATE AfEe) & BEE 4RES A
clepd alaAES 3 ssieh (Fig. 60). W, AEAE AR 714 2 o] A2x & U v]E
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Fig. 8. Ultrastructure of secretory cell of gill filament of Batillus cornutus. A: Type A secretory cell that
have secretory granules (Sg) with fibrous materials. B: Section showing the type B secretory cell.
C: Section showing the type C secretory cell. D: Section showing the type D secretory cell. Gc:
Golgi complex, Mv: microvillus, N: nucleus, rER: rough endoplasmic reticulum, Sg: secretory
granule.

ZEgolgo] AL glsiek (Fig. 7B).

Mitochondria-rich cell& A|EA2] 7|A o 43| a5
7, A gt AR ET) w2 UEE nEEE
clokge] AAsh, A FelmANHEE FHen gloich
(Fig. 7C).

O ESA EE R E P PR ER R EER R
wet 4 5 (A, B, C, DE 7¥Z 4 Ych

AY FHAEE O F7Y BAEE Ve FEAETF
7V E9k o5 AlEEe] Fisha gl wrlage] Al
v kst AxA g vk Holw, Hulagle] Y=
vAlgE Al AR AYA ISlaL, AEAe] Z]A el A
= R EAAE AU (Fig. 8A).

B EulAlEe AY ErAES Hoks EEAE0) gkl
Y CH¥ DF FrAEE Boke FEART) =8kt o5 Al
o] Hel= eRlFolglon, AxAdds 2HAYA L e
so] ek #rlFE 7o) APew g TR glgle
W, Wi Axpd =) vl =2 dAd =47 QA Y
o} (Fig. 8B).

CH EvlAlESe] sk e wvldsss FeHe
rgesin, o529 AArdEs} 27| vekinh AlxAede
A e 23] FHLEAE] A 913l (Fig. 8C).

D¥ FuAEE 7 23R FuAEE T EEAE
7} 7V sk o8 AlZSo] skl ole #vldsel ¥
el TheFstsich. wnlas o] AR e vheFabAlnh A A o
2 L ol Y= vAT A= AHA st 9L B
dEoz AzA 7)AF Hxska YAt (Fig. 8D).

-

ol
'F
ofy

= F8% FAoloh Aot w2 AAETEES] oiv]
= Ul Bofo R ophu] £ olF Y 2 7HAH (Voltzow,
1994).

A, BE570] opv] Hele HRel| whel oha Aol &
Rolxd| W1F3} (Trochidae)®] Austrocochlea constricta
+ bipectinate® ©}7}v|E 7}x]¥, Planaxidae?] Planaxis
sulcatus, 24153} (Littorinidae)®| Littoraria articulata
¢} Bembicium auratum 12| B4} (Muricidae)2]
Morula marginalbas= monopectinate® o}7lv|E 7}2ch
(Eertman, 1996).

Z ATelA 4k optulE Bl Refo g o|Fe] g 4
2 T4 bipectinatedo|n, 54 ARl i we} 7]
A, R, SR e R 5 glgir)

Marisa cornuarietis2] M@ A=]52
9 Axst 979 AZER T4
ALEE 2 4RSI 427} 3
o X3t Tl 3y AQqAE
gt} (Lutfy and Demian, 1965).

&5} oujullR 2 dAEEAA AQ AESE 74
e A AR e e Adiel SHAME 450
v 7)Aol M= s BE HE ol (Gémez-Mendikute
et al., 2005).

& ATAE 2k opin] g AESE dEolilen,
Ads A AEES 24 458 A9AE, ARAE,
mitochondria-rich cell 18] 3 A 2E T2 5 g3tk
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o] g, upREHS HUkGFl glycocalyxsh LA w4l
$2% AAvkn B uslgich
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(Voltzow, 1994).
ool 34 olj] Alie] AREE A 57}
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(Moore, 1971; Owen, 1974; Morton, 1983).

op7bn] ARA|E Akl EAjske AR wAlTEE I
WollA “9+279] EAxE YehY, 7149 rootlet
complex= A|ZA ] n|EZ=glole} z- AA=]e] Qi) 7]A
Ae AEAL] e Ak FAlgel o) Are] FAA
9} A=l Hrol AFe| FAglt). 7|AA|= alar sheet,
basal foot 12]1 rootlet complex® T4 =] l+=Hl, alar
sheet= 7|AAIE ARAEY FHoR Fopls AJ&S 3}
W, basal foot> A4 el 23 FA= T, TARY H
Agt A glok 23 7|AAS] didkelA &3 rootlet
complex: AlZo|A basal foot¥} A3 7)%5S 3k
Rootlet complex?] Zojg} Yol Fof we} ci=w,
rootlet®] 7tAE dAsHA AE=o] St} (Bubel, 1989;
Hagiwara et al., 2004).

AAFES] oluleA o]ejdt FXE  Austrocochlea
constricta (Eertman, 1996)¢} Chaetoderma nitidulum
(Lundin and Schander, 1999) 12|31 7%, Tegillarca
granosa (Ma and Lee, 2003) ¢}7}7]9] ARA|FEAAE 2
A7Eo] giok £ A7 Ad, 4wt opre]e] ARA|ZA
ojz]gt 5] & irg=le] glglrh

AATE 7R optulel EAlsE AAANEES] £ 9
2o} 2238 EAL offslRolAe W Bt gley
EZF0] opyjmlelA Fol WhE LHAE FF2] tekdel &
g d7E WA Ak

HE5-9) Austrocochlea constricta®] MANA= 2 57
o] FHAEI}F RuElE, o] AIEES PAS HS
X2y} (Eertman, 1996).

7}e]8], Placopecten magellanicus ©}717]2] FAQ &
Al HIAEELS 52 (85% ol AT 49489

=4 ek e 3 AAAESANRL, FAS A
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4558%) ANAEZo] Abdolsich AFRA, Mytilus
edulis®] o171 HANEEE AANTAT FARNEA
So] QAR wlgm rxaln, Az ¥

3}7]50] g oA o] FoiAE Aol
1993).

op7tu| o] HAEAA A AEAN FAHAZALE A
2 AL ApolE Bol=d, olgt Aole A %9 714
Al o] F3} ofrfu] ] F-glof| wle} Aol & vEhdi=
o]t} (Beninger and Dufour, 1996).

dRbA oz Fu|Ade AS TS AR g uhe} oA
I A EA e R v 2E]a AN Ee} EE 9]
4 (exocrine gland)S Hu|FAte] wel =ZA A¥8]A
(holocrine gland)@} $-#+8]4 (merocrine gland) 22 T
T T 5 gled, AwvAe AEE AEALe] A 2
= A3 AojAgt FEdaAe =R HelEE A%
A Aot} (Kurosumi et al., 1984).

EZ579} o]ufisl 7] olrfulelA BaEl AN EEL ThA|
¥ Aolx, BEHEu|A (merocrine gland)°]™ (Beninger et
al., 1993; Dufour and Beninger, 2001; Ma and Lee,
2003), & A7olA 2eke] A AeSelA R 45572
HHAEE BT AR Ftu|Adel gl

E AFelA 2k A AeSelA mitochondria-rich
cello] #Z= LT, 0|59 w|AlFx4d EAL Kaneko et
al. (2002)0] ®.13t o] 2xHA|E9] chloride «-cell?} #A}
3l o]& mitochondria-rich cell 9] o]&x4 7|55 3}
= ZAe® gdEgich

(Beninger et al.,

2 o

et W AAR] A S o]8ste] 42} opriu|e] FHejet vA)
T25 7|Asiek 4eke] ob7hv]s= bipectinate® ot} A
A5 o2 AYAE, ARAE, mitochondria-rich
cell 28] FulAIEE FAH ] it AvAlEEL 5
o, ArHells vl Sl waEe] I AAEE Al
TEE ARSH ARAPER 425 ick AEA
X2 ARdel AR AgEES T, AxAeds &
s v EZeejolgo] FejAlo] EAfst AR 7]A A
gl #o] AdAZ=|e] 9)gith Mitochondria-rich cell> 7|44
of 93] A5 7, AlTA e s v EEEe
olEo] AAskaL ¢igitt. AB-PASSH AF-AB uks- A3}, #u)
AZEL F2 AMAAS Tt glgick ErjAZRE oA
Tdoz AR Fejsh 2ojziele] wATed 540 gt
4 T%F (A, B, C, D)E 7% + 33tk
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