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INTRODUCTION

TWE ULTRASTRUCTURE OF MOLLUSC MUSCLE has been described
4y Conex ef al (1971}, McKenna et al (1973}, Ricaarnor
,,;A al {1971, SzENT-GYORGYI € al (1971), WiLson (1969),
75-Nacy et af. (1971), Presn (1977). Although there exist
many papers that study muscle ultrastructure in other
invertebrates [DEwEY et al (1973), Jansen et al {1975}, Kryvi
11971, 1973), RosEnBLUTH (1968) and SmiTH et al (1973}]
1o our knowledge, no investigations have been made on
Diplodon variabilis, which is an autochthonic species of
Argenting.

This paper presents new findings of the structure of the
muscle of two organs of the bivalve Diplodon variabilis
at the light and electron microscopic levels, For our study
we chose the musculature of the foot and the muscle tissue
of the mantle, both showing the same features.

MATERIAL anp METHODS

Young and adult Diplodon verigbilis clams were collected
from the rivulet Miguelin-Punta Lara, Buenos Aires and
were immediately dissected, after making a gonadal punc-
ture in order to determine the sex. For light microscopic
study, pieces of the foot and mantle were separated from
the living animal and fixed in Bouin’s and Carnoy’s fluids.
The material was dehydrated in ethanol, embedded in
paraffin and sections (6pm) were stained with hematoxy-
lin-eosin and iron-hematoxylin. For electron microscopic
! Part of this work was submitted in partial fulfillment of the
reguirements for the degree of Doctor of Nataral Sciences at
the Instituto de Biologia, Histologia and Embriologia, Facultad
de Ciencias Médicas, Universidad Nacional de La Plata, Buenos
Alres, Argentina,

study, small pieces of the foot and mantle were fixed in
Millonig’s fluid for 120 minutes at 0°C. Specimens were
dehydrated in ethanol and embedded in araldite. Ultra-
thin sections were stained with uranyl-acetate and lead
citrate and examined with an Elmiskop I electron micro-
scope operated at 60 KV.

RESULTS

No structural or ultrastructural differences were observed
between the foot and mantle muscular tissue. The muscu-
lar fibres are disposed in bundles. They are present in
both faces of the mantle, valvar and pallial {Figure 7}
and the bundles penetrate into the “roundlet” [the distal
part of the ventral border of the mantle]. In the foot, the
sections of the muscle are always organized in bundles
(Figure 2 4).

The muscular cells have large multiple peripheric nuclei
(Figure 3). With the iron-hematoxylin technique, as well
as with the phase contrast microscopy, we have observed
longitudinal striation {Figure 4).

At the ultrastructural level, the muscle cells are seen as
somewhat irregular in shape and show flattened peripheral
nuclei which contain dense masses of chromatin condensed
along the nuclear membrane. {Figure 5). A thin basement
membrane surrounds each muscle cell.

Most of the cytoplasm is occupied by myofilaments,
which are arranged parallel to the axis of the cell (Figure
6). The myofilaments are variable in diameter —thick and
thin ones can be seen without any constant relationship
occurring between them {Figure 7). It should be remarked
that it is possible to observe myofilaments of intermediate
thickness. All the myofilaments show an obligue striation,
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due to the presence of alternating light and dark bands
{Figure 8). The clear bands are approximately fwice as
wide as the dark ones. Electron opaque materizl seems to
radiate from the border of the dark bands into the cyto-
plasmic matrix (Figure 9). Myofilaments are embedded in
a somewhat lighter matrix, containing variable amounts of
alpha and beta glycogen granules (Figure 7).

The periphery of the fiber presents vesicles of granular
endoplasmic reticulum and numerous free ribosomes.
Round mitochondria are located close to the cell mem-
brane. The mitochondrial matrix is dense and the cristae,
often dilated, are irregularly arranged (Figure 5). Coliagen
fibrils and unmyelinated axons are found between muscle

cells (Figure 10).

DISCUSSION

In the last several years the fine structure of the muscle
of numerous invertebrates has been the focus of wide-
spread interest. Ln this respect, there is a vast bibliography
on the subject. Dewry {1968; 1973), JENsSEN et al. (1975),
Kryvi {1971}, RosgnaLuTts {1972).

The perfect symmetry of the mammalian muscle does
not exist in molluscs, although in some species of molluses
there is some degree of symmetry.

Studying the mantle ultrastructure of the pelecypod
Spisula solidissima, WiLson {1969) describes only thick fila-
ments in the “non striated” muscle. The figures that the
author shows much resemble those we have obtained in
Diplodon variabilis, but he presents low magnification photo-
graphs which do not reveal transversal striation.

McKENNA & RosEneLuTH ( 1973) have studied the electron
microscopy of the retractor muscle of the “byssus” of two
bivalve molluscs: Mytilus edulis and Brachidontes comissus.
Although this work is mainly concerned with the myo-
neural and intermuscular joints, the pictures very clearly
revealed the existence of a transversal striation in the
myofilaments. CoxEn e al. (1971}, taking into account the
145 A periodicity described in the “non striated” motlusc
muscle, which is repeated at 925 A, had fractionated the
paramyosis, They found that aggregates of this substance
have a 725 A periodicity and concluded that paramyosin
would form an axis covered with myosin.

Jewsen & Mykiesust {1975) have reported differences
between the muscle of “body and vessels” from a pogono-
phore, Siboglinum fiordicum. Both muscle types have thick
and thin filaments of variable diameter, but only the thick
filaments of the body myocells show a clear periodicit}'.
The authors assumed that in the muscle of the blood ves-
sels, among the thick filaments, those which are smaller
in diameter and without striation, would be similar 1

Explanation of Figures 1105

Figure 1 Light mierograph of mantle muscle fibers. Hematoxylin-

eosyn

X 250

v—~valvar face, p-pallial face, r—roundlet
Figure 2: Light micrograph of the foot: basal region, Hematoxylin-

eosyn

X 630

b—muscie bundles
Figure & Light micrograph of foot muscular cells. Iron-hematoxy-

lin

> 400

n—nucleus
Figure 4. Light micrograph of foot muscle bundles. Iron-hema-

toxylin

> 1000

I—longitudinal striation
Figure & Longitudinal section through mantle muscle cell, show-

ing:

n— peripheral nucleus,

X 1GO00
M- mitochondria

b -- basement membrane, myofilaments {arrows}
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{ the heart and blood vessels from molluscs and
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he buccal bulb muscle of the mollusc Ferrisia wantier!
[ the

1 of al, 1971) fibers have been described which
wmu.ﬁocdiate between striated and smooth type. These
”"‘ i,m:fz,mble those of the embryonic myocardium of
ubet . z-eS The figures that the authors show are similar
\”wl),lf | u;;peczs to the ones obtained by us from Diplodon
l; However, in Ferrisia wantieri discontinuous Z
snnecting myofibrils are present.

Paramyosin, shick striated my.oiilamems have been
nd 10 epithelial cells irom annelids, where muscle could
:. mn:,idc.red as striated (S»yiTH et al, 1973}, Other authors
:w Jescribed an “obliguely striated” muscle in annelids
,li(m“‘[‘ 1g71; ROSENBLUTH, 1068) and crab {Dewey, 1973;
guia of ol 1873} which seems to.be a Complf:x muscular
pue with particular obligue striation, showing light and
Jurk disks, presence of Z t?an'ds, andl a well developed
‘M-(l)p]asnlic reticulum. It is interesting tc.) note that in
innelids (KRYVL 1971) with “obliquely striated” muscle,
.mages are shown where the filaments present an irregular
Justribution, similar to the one we have observed in some
mscutar cells of Diplodon variabilis.

\whether the stiding theory is acceptable or not for mol-
Jus muscle has been a matter of discussion. Zs-NaGyv et al.
.7 1) thoroughly discussed this subject and termed “poly-
morphous” the muscle that they consider to be neither
aristed nor smooth. This author studied the adductor
wuscle of the mollusc Anodonta cygnea, which is similar
. many aspects to the Diplodon variabilis muscle, and
accepts the independent contraction theory for this kind of
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It can be concluded that the muscle from the Diplodon
ariabilis foot and mantle represents a particular muscular
rissue which is rather similar to the one described in the
sdductor muscle of the Anodonta cygnea. As in that case,
e denominations “striated” or “smooth” would not be
astable. In accordance with Zs-Nacy, {1971) we propose to
name this type of muscle “polymorphous” and suggest that
it. too, may contract by the mechanism of independent
ontraction.

SUMMARY

The histomorphology of the muscle of the mantle and
foot of the nacreous clam Diplodon vartabilis was studied

by means of light and electron microscopy. The muscula-
ture of these organs shows a special muscle tissue, which is
intermediate between the smooth and the striated type.
Ultrastructural observation reveals two kinds of myofila-
ments, thick and thin, which show an irregular distribu-
tion. Both types of filaments have an oblique striation and
present a regular periodicity. The results of our ohserva-
tion led us to consider this muscle as a “polymorphous”

type.
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Explanation of Figures 6 to 10

Figure 6 Foot muscle cell showing numerous myefilaments {mf)

X 15000
Figure 7: Mantle cell muscle, showing thick myofilaments (T), thin
myofilaments (), and glycogen prarules {G) X 450600

Figure 8 Myofilaments showing an oblique striation X B0OGOO

Figure 8 Cross-section through thick {T) and thin {tymyofilaments

X 80000

Figure 10: Interstitial space between muscle cells {(m} X 13000
c—coliagen, a—unmyelinated axon




