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Mantle Ultrastructure of the Granular Ark, 7Tegillarca granosa
(Bivalvia: Acridae)
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Histochemical characteristic and ultrastructure of the mantle of the granular ark, ZTegillarca granosa are described
using light and electron microscopy. The mantle of the clam is composed of outer epidermis, connective tissue
and inner epidermis, The simple epidermis consists of supporting cells, ciliated cells of the two types and secretory
cells of three types. Connective tissue is composed of matrix, collagen fibers, muscular fibers and hemolymph
sinus. The columnar supporting cell is covered with microvilli on the free surface. Ciliated cells are distributed
in the inner epidermis with numerous cilia, microvilli and tubular mitochondria. Secretory cells could be classified
into three types (A, B and C) with morphological features of the secretory granules. Type A secretory cells
contains secretory granules with fibrous materials of high electron density. Type B secretory cells are more
abundant than the other cells, and contains secretory granules of membrane-bounded and high electron density.
Secretory granules of the type C cells are divided into fibrous core layer and homogeneous peripheral layer.
Type B secretory cells are abundant in the both epidermis of marginal mantle, while large number of type
A and C secretory cells are evident in the outer epidermis of the central and umbonal mantle. This result showed
that the outer and the inner epidermis of the mantle are related with shell formation and cleaning of the mantle
cavity, respectively.
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ZNFoIA dzhL R AT Uit dAH] BEh-S B Aol AMEE B9, Tegillarca granosa AebdsE B
< Fste wHd, SF I i) x5 AESF o A A g Fes gl A 2H4 3.5cm W&o A
+ et 7IBRAEAN AFE AFRS 1BASG W 717 Eoltt #F ¥ 4 s1te] F9 (marginal zone) 9 W3
Aol Agsha} Al FEZNY BE VBAE olF L 3 Q31 = 7 9 (central zone) L&} ZHY H-H
2 B3she pxoltt. 5w AHS5E 7%t AEEL (umbonal zone)9] 1FuE A3t 2zt 1A
2t Ao #ulo} T4 EJFE, 4F4 W o] E4 #&dn g FEAZ}S QRS Bouin's fluidol] YAHAIZE

AA, 221 FUE F4 715E 7HAY of&H R A= 3733 F paraffin AHPOZ F7 4ume] A& HAAE A
Hlo]slr] f13l -2 Euislc) (Beverlander and Nakahara, Z&}e] Mayer's hematoxylin® 0.5% eosin (H-E) Bl 12 g4,
1967; Neff, 1972b; Prezant, 1985; Wilbur, 1985; Kraeuter Mallory 2F& 94 periodic acid-Schiff’s solution (PAS) #F
and Castagna, 2001). %, alcian blue-periodic acid-Schiff s solution (AB-PAS, pH
RS 459 T2 g AAX FHe Fol weh ¥ 2.5) ¥h§ 28] aldehyde fuchsin-alcian blue (AF-AB) ¥He-
5}“‘] (Bubel, 1973, 1984; Morrison, 1993; Garcia-Gasca et 2 AL
, 1994; Lee, 2002), 53] &g FAs= AXES 7 A0 (TEM) ZHEE A2 2.5% glutaral-
4 st B89 Wl tiate] Al&stA SR dehyde (phosphate buffer, pH 7.5) ‘&2 2 A 124Y3ge
H olE AR T ot A A HEE HtE v, 1% osmium tetroxide (OsO)Z ¥ AT TS 0.1 M

= St} (Neff, 1972a; Bubel, 1984; Morrison, 1993). phosphate bufferZ A 3}1l ethanolZ GAE @8l ¥

2 d7e FEvet f8A5Y sty mut, Tegillarca w &l th. L2] i semithin section ¥ 7] 70 nm&} ultrathin

granosa®] 9JFT &S FAEE Ao £F o]EY sections uranylacetate®} lead citrate £H 0 2 o]FH 5l
AR B 2A8e A 548 VlEststh TEM (JEM-1200EXII, JEOL)2.& #3}¢ch

A nEe] A W F PAAEe G

*Corresponding author: 1js@yosu.ac.kr 242 Pantone® Formula Guide (Pantone Inc., USA)S 7%

270



met o) 5

oz 9o
A3 3 nFE
B9 Tegillarca granosa®) $|E92 31 Mo 7 ztz) sfzta}

W Abolol] =8, sizt sgAtE]

AA7L gk 2o e Eoh AL Jhed Z2gRE
(connective tissue layer)S T4 22 |z} £9 npg a3
(outer epidermis)@ FEZF £ & A¥ZE  (inner
epidermis)®] 9ol E Q1 U= TZ2J (Fig. 1, A). A3
ZF& 9olen, FA e 7R A 7P FAR Y
P8} A Fo| A= FAFHAl LEsTh Bl AaFe] A
Holl A AZEA (striated border) 9] WE-E Aasrle oEH Y
St (Fig. 1, B) ¢HE oo s wgdE dAxde a8
F AU (Fig. 1, A).

A FE9 gR2A o Fshe F= 7kd SRl 5t
9] A Fe VAT Aol A 3 Fo AEFOZ gk AT
ZAZ o8 AAEHY, FHZ & FAA%E T A 1A
AE FHc FANE, AEAR, AAEo)T) (Bubel, 1984).
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ot agla EE R JuFe] FAs AFEA, C
edulis, Nucula sulcata (Bubel, 1973)%} 3 &7 (Lee, 2002)¢)
A Hzhe] FHRA FFRAE JHHA 2E gAhEE
e HRATh wepx] B AT A mdk FTe] HA A
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ARG AANEEL AR e P 7M7rHoy
(Fig. 2, A), T45FY 7BgAteldM e 95322 (Fig. 2,
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Aol A vAEE (microvill) ] o] F3EH2H,
o]-3tn Y AEEFHE FR=Wd RH (zonula
adherens) 2 AZA ] Ut AL Gl 77w, 3
FolM= o]¥ B4 A (heterochromatin) @] &g Bz 4
At MEAol= vAdfe}t o8 FH7e] AETLVHRE
ol wrEE o] JAE, 53] vEZ=gole] dee] T
AA VEbTE (Figs. 2, A and B).

ojuf s Foll X JETE F2 HR &), 4T 3}
4 74 Aol B AT, o] & LFuE LA S AlE
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and Ikemoto, 1962a, b; Saleuddin, 1974; Morrison, 1993), ©]
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Histology of the mantle in the granular ark, 7egillarca granosa. A: Cross section of the marginal mantle showing

the inner epidermis and connective tissue (Ct). Notice the numerous mucous cells (Mc) of alcian blue positive. B: Outer
epidermis of the marginal mantle contains numerous mucous cells of PAS positive. C: Inner epidermis of the central
mantle contains some mucous cells of alcian blue positive. D: Inner epidermis of the umbonal mantle contains some
mucous cells of alcian blue positive. Hs, hemolymph sinus; Me, mantle epidermis; Sb, striated border.
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Fig. 2. Ultrastructure of the mantle epidermis in the granular ark, Tegillarca granosa. A: Cuboidal supporting cells
of the umbonal and central mantle. Notice the microvilli (Mv) on the free surface. B: Columnar supporting cells in
the marginal mantle. C: Inner epidermis of the central mantle. Notice the ciliated cells with low electron density and
oval nucleus. D: Inner epidermis of the central mantle. Notice the ciliated cells with high electron density and elliptical
nucleus, C, cilia; Mt, mitochondria; N, nucleus; Sg, secretory granules; TBS, type B secretory cell; Za, zonula adherens.
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edulis, N. sulcata (Bubel, 1973), WA|Yo}= (Morrison,
1993), Fabulina nitidula (Kawaguti and Tkemoto, 1962a) 12]
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Fig. 3.

Ultrastructure of the mantle epidermis in the granular ark, Tegillarca granosa. A: Cytoplasm of the ciliated

cells with high electron density and elliptical nucleus, Notice the well developed Golgi complex (Ge) and glycogen particles
(Gp). B: Type A secretory cell contains secretory granules (Sg) with fibrous materials. C: Secretory granules with high
electron density of type B secretory cell. D: Type C secretory cell. Secretory granules are divided into homogeneous
core layer (Cl) and fibrous peripheral layer (P1). Fr, free ribosome; N, nucleus; TAS, type A secretory cell,

9 Aoz Az

e shalel AULASE A
o2 ZFE gkl ATS
2} (loose connective tlssue)oi/\‘] fH—,—l"i— I\l%’,‘j%g} o
5 ELG‘?‘?rﬂ' EAE ] AAek el AuFel A B &g
B A2 IS A P F

Efﬁ?ﬂ

(hemolymph sinus)

o] vtetslo] gljon, oy F
o (Fig. 1, A).

et outel APRAZH GAR 2ERE WAl
(Morrison, 1993), pearl oyster, P. mazatianica (Garcia-Gasca
et al,, 1994) 18] | Z7) (Lee, 2002)9) X %= ROE =0,
ol 2B FEAFY T dud HulM Lol FAd

7ol g75o| Bxakx Y



w9 o)

2 AEe) 83 golaiA sl Vel F Uk ALE
Az,

Ab A
o] A oFulsty WY FEATFAYLE FP ¢
Z

Y

2 02 8

Beedham, G.E. 1958. Observation on the mantle of the
lamellibranchia. Q. J. Microsc. Sci., 99, 181-197.

Beverlander, G. and H. Nakahara, 1967. An electron microscope
study of the formation of the periostracum of AMacro-
callista maculata. Calcif. Tissue Res., 1, 55-67.

Bubel, A. 1973, An electron microscope investigation of the
cells lining the outer surface of the mantle in some marine
molluscs. Mar. Biol., 21, 245-225.

Bubel, A. 1984, Epidermal cells. In: Biology of the Integument,
1 Invertebrates, J. Bereiter-Hahn, A.G. Matoltsy and K.S.
Richards, eds., Springer-Verlag, New York, pp. 400-477.

Garcia-Gasca, A., R.I. Ochoa-Baez, and M. Betancourt. 1994.
Microscopic anatomy of the pearl oyster Pinctada
mazatianica (Hanley, 1856). J. Shelifish Res., 13, 85-91.

Hillman, R.E. 1968. Histochemistry of mucosubstances in the
mantle of the clam, Mercenaria mercenaria 1. A
glycosaminoglycan in the first marginal fold. Trans. Am.
Microsc. Soc., 87, 361-367.

Kapur, S.P. and M.A. Gibson. 1968. A histochemical study
of the development of the mantle-edge and shell in the
fresh water gastropod, Helisoma duryi eudiscus (Pilsbry).
Can. J. Zool.,, 46, 481-491.

Kawaguti, S. and N. Ikemoto. 1962a. Electron microscopy on
the mantle of a bivalve, Fabulina nitidula. Biol. J. Okayama
Univ., 8, 21-30.

Kawaguti, S. and N. Ikemoto. 1962b. Electron microscopy on
the mantle of a bivalve, Musculus senhousia during
regeneration of the shell. Biol. J. Okayama Univ., 8, 31-42.

o] Ml A 275

Kraeuter, J.N. and M. Castagna. 2001. Biology of the hard
clam. Elsevier, New York, 751 pp.

Kurosumi, K., S. Shibasaki and T. Ito. 1984. Cytology of the
secretion in mammalian sweat glands. Int'l. Rev. Cytol,,
87, 253-329.

Lee, J.S. 2002. Ultrastructure of the mantle epidermis in the
ark shell, Scapharca broughtonii (Bivalvia: Arcidae). Kor.
J. Electron Microscopy, 32, 213-222.

Morrison, C.M. 1993, Histology and cell ultrastructure of the
mantle and mantle lobes of the eastern oyster, Crassostrea
virginica (Gmelin): a summary atlas. Amer. Malac. Bull,
10, 1-24.

Neff, JM. 1972a. Ultrastructural studies of periostracum
formation in the hard shelled clam Mercenaria mercenaria
(L). Tissue Cell, 4, 311-326.

Neff, JM. 1972b. Ultrastructure of the outer epithelium of
the mantle in the clam Mercenaria mercenaria in relation
to calcification of the shell. Tissue Cell, 4, 591-600.

Prezant, R.S. 1981. The arenophilic radial mantle glands of
the Lyonsiidae (Bivalvia: Anomalodesmata) with notes
on lyonsiid evolution. Malacologia, 20, 267-289.

Prezant, R.S. 1985. Molluscan mucins: a unifying thread. Amer.
Malac. Bull, 1, 35-50.

Saleuddin, A.S.M. 1974. An electron microscopic studies of
the formation and structure of the periostracum in Astarte
(Bivalvia). Can. J. Zool.,, 52, 1463-1471,

Timmermans, L.P.M. 1969. Studies on shell formation in
molluscs. Neth. J. Zool., 19, 417-523.

Wilbur, KM, 1985. Topics in molluscan mineralization: present
status, future directions. Amer. Malac. Bull. (Spec. ed.),
1, 51-58.

Wilbur, K.M. and A.S.M. Saleuddin. 1983. Shell formation.
In: The mollusca, Vol. 4 Physiology, Part 1, A.S.M.
Saleuddin and K.M. Wilbur, eds. Academic Press, New
York, pp. 235-287.

2003 39 11 A"
2003 6¥ 17¢ €



