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ABSTRACT

Transmission electron microscopy of female gonads in Perna perna {Mytilidae) was carried
out to study the fine structure of the different developmental stages during oogenesis and
to examine the functions of the follicular cells. The gonad is composed of acini, each con-
taining oogoniae and oocytes surrounded by follicular cells, and of an interacinar connec-
tive tissue with vesicular cells. Groups of primary cogoniae, surmounted by secondary
oogoniae, were found along the inner wall of each acinus. Previtellogenesis of oocytes
was characterized by a great increase of these cells in volume, the accumulation of numer-
ous organelles, and the formation of the first yolk granules at the end of this phase. The
period of vitellogenesis involved both autosynthetic and heterosynthetic pathways, and
was marked by the accumulation of cortical granules and of yolk granules. Numerous lipid
droplets {two types), several inclusions resulting from the heterosynthetic upiake of exoge-
nous substances by pinocytosis, and droplets showing two types of electron-lucent materi-
als in the cytoplasm of mature ococytes could also be observed. In the atretic ovocytes, a
vacuolization progressively developed in their cytoplasm, with the subsequent rupture of
the vitelline membrane and the release of cocyte remnants in the lumen of the acinus. At
the end of vitellogenesis, the follicular cells became detached from the oocyte and con-
tained numerous lipid droplets and glycogen inclusions. In P. perna, the formation of
female gametes was mostly similar to the oogenesis described in other species of bivalvia.
The only difference concerned the composition of the yolk in the mature cocyte, as it was
constituted of several endogenous substances {lipoproteins mainly) and also of exogenous
materials intaken by the oocyte via pinocytosis.

RESUMEN

Las génadas femeninas en Perna perna {Mytilidae) se observaron por microscopia elec-
trénica de transmisién para estudiar la estructura fina de las diferentes etapas de desar-
rollo durante la ovogénesis y examinar las funciones de las células foliculares. La génada
estd formada por acinos, cada uno de ellos conteniendo oogonias y ovocitos rodeados
por células foliculares, y por un tejido conectivo interacinar con células vesiculares. Gru-
pos de oogonias primarias, a los que se sobreponen oogonias secundarias, se encuentran
a lo largo de la pared interna de cada acino. La previtelogénesis de los ovocitos se carac-
terizé por un gran aumento de volumen en estas células, por la acumulacién de
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numerosos organulos y por la formacién de los primeros granulos de vitelo al final de esta
fase. El periodo de vitelogénesis implica ambas vias autosintética y heterosintética y se
caracteriza por la acumulacién de gréanulos corticales y de los granulos de vitelo. En el
citoplasma de los ovocitos maduros, se observaron también numerosas gotitas de lipidos
(de dos tipos), varias inclusiones resultando de la absorcién heferosintética de sustancias
exdgenas por pinocitosis, asi como gotitas con dos tipos de materiales electrén locidas.
En los ovocitos atrésicos, una vacuolizacién se desarrollé progresivamente en su cito-
plasma, con la posterior ruptura de la membrana vitelina y la liberacién de los restos de
ovocitos en el lumen de los acinos. Al final de la vitelogénesis, las células foliculares se
desprendian del ovocito y contenian numerosas gotitas de lipidos y inclusiones de
glucdégeno. En P. perng, la formacién de gametos femeninos fue muy similar a la ovogéne-
sis descrita en ofras especies de bivalvos. La Onica diferencia se refiere a la composicién
del vitelo en el ovocito maduro, ya que estd constituido por varias sustancias endégenas
(lipoproteinas, principalmente), asi como por materiales exégenos absorbidos por el ovoc-

ito, mediante pinocitosis.

INTRODUCTION

The African mussel: Perna perna, is a
worldwide species (BERRY, 1978; HICKs ,
TUNNELL AND MCMAHON, 2001a).
However, the studies performed on the
biology of this mussel only concerned its
reproductive cycles, as there was an
intraspecific variability in the reproduc-
tion. Indeed, in the South African popula-
tions of P. perna, two main spawning
periods between April and October, and
several minor and scarcer spawning
events after October were reported by
BERRY (1978) and Lasiak (1986). By con-
trast, in other Perna populations from the
same country, SCHURINK AND GRIFFITHS
(1991) found a single prolonged spawn-
ing period along the year, with spawning
activity every month. In the Gulf of
Mexico, three spawning periods with one
extended and two discrete events in
spring or summer were described by
Hicks, TUNNELL AND MCMAHON (2001)
and Hicks, MCMAHON AND INGRAO
(2001). In view of this variability in repro-
ductive cycles, it was useful to study
gametogenesis in local populations of P.
perna.

As P. perna lives along the southern
Atlantic coasts of Morocco, a research
programme was carried out to deter-
mine the spawning episodes of these
local mussels and to analyse the charac-
teristics of their gametogenesis. A first
histological study (ID HaLLA, BOUHAIMI,

ZEKHNINI, NARBONNE, MATHIEU AND
MOUKRIM, 1997) demonstrated a single
spawning period along the year, with a
major event in spring, and this work
was completed by ultrastructural
studies on spermatogenesis in the same
Moroccan population of P perna
(BENOMAR, BELHSEN, GOUX, MATHIEU
AND MOUKRIM, 2007). The main aim of
the present paper is to describe the
ultrastructural stages of female gamete
formation and of oocyte degeneration in
P. perna. The follicular cells and their
function are also examined.

MATERIALS AND METHODS

Samples of five mussels each (3-4 cm
long) were collected in December 1999,
January, March, June and July 2000 from
the mid-tide level at Cap Ghir (50 km
north of Agadir town). Small portions of
female gonad (1-3 mm3 each) were fixed
for 60 min in 2% glutaraldehyde (0.4 M
sodium cacodylate buffer, pH 7.2) at
4°C. The tissue was then washed in 0.4
M cacodylate buffer (3 x 10 min) and
postfixed for 90 min in 1% osmium
tetroxyde (in 0.4 M cacodylate buffer) at
4°C. After dehydration through a
gradual ethanol series, the tissue was
directly embedded in Epon resin at 37
°C for 60 min and was subsequently
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Figure 1. A. Primary oogonia (Og) and follicular cells (Fc) of Perna perna, along the inner side of
the acinar wall. Some vesicular cells (Vc) were located along the outer side. da, dense aggregates;
G, Golgi apparatus; gl, glycogen; Li, lipid droplets; m, mitochondria; N, nucleus, RER, rough
endoplasmic reticulum; pc, cytoplasmic projections of follicular cells; v, vacuoles. B. Interacinar
vesicular cells showing two types of granules (g1, and g2). Scale bars, 2 pm.

Figura 1. A. Oogonia primaria (Og) y células foliculares (Fc) de Perna perna, sobre el lado interno de
la pared acinar. Algunas células vesiculares (V) se ubicaron en el lado externo. da, agregados densos; G,
Aparato de Golgi; gl, glucdgeno; Li, gotitas de lipidos; m, mitocondria; N, niicleo, RER, reticulo endo-
plasmitico rugoso; pc, proyecciones citoplasmdticas de células foliculares; v, vacuolas. B. Células vesicu-
lares interacinares mostrando dos tipos de granulos (g1, and g2). Escalas, 2 ym.

placed at room temperature during the were collected on copper grids and were
following 12 hours. Semi-thin sections stained for 20 min with uranyl acetate,
of each gonad portion were stained at followed by lead citrate for 5 min. Sec-
room temperature with 0.5% toluidine tions were examined using a Siemens

blue in 2.5% Na2COs. Ultrathin sections 102 electron microscope.
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Figure 2. Oogoniae f Perna perna. A. Zonula occludens (arrows) and zonula adherens (arrow

heads) between an oogonia (Og), a follicular cell, and a spindle-shaped cell. B-C. Nuclei of two
oogoniae in metaphasis (first meiotic division). Scale bars, 2 pm.

Figura 2. Oogonias de Perna perna. A. Zonula occludens (flechas) y zonula adberens (puntas de flecha)
entre una oogonia (Og), una célula folicular, y una célula fusiforme. B-C. Niicleos de dos oogonias en

metdfase (primera divisién meidtica). Escalas, 2 ym.

Different measurements for each cell
stage of ovogenesis (a least of 10 cells
per stage) were also performed. Indivi-
dual values recorded for each measure-
ment and each cell stage were averaged.

RESULTS

Numerous acini, surrounded by con-
nective tissue and an external ciliated
epithelium, constituted each gonad (Fig.
1A). Along the inner side of each acinar
wall, the different developmental stages
of oogenesis, from oogoniae up to the
first stages of the first meiotic division,
could be easily observed. All of them
were surrounded by follicular cells and
spindle-shaped cells containing glycogen

inclusions (Fig. 1A). In the interacinar
connective tissue, other vesicular cells,
each containing two types of granules,
were found (Fig.1B). Along the outer side
of the acinus, several muscular fibers
were sometimes observed (Fig. 3A).
Oogoniae: Groups of primary oogo-
niae (primordial cells), each constituted
by 2 or 4 cells, were found along the
inner side of each acinar wall (Fig. 1A,
B). Follicular cells characterized by their
cytoplasmic extensions were close to
these cell groups. The primary cogoniae
were round or elongated, measured 5 to
8 mm in size, and were characterized by
a high nucleo-cytoplasmic ratio. They
were interconnected by zonulae occlu-
dens and zonulae adherens (Fig. 2A).
Their nuclei (3-6 pm) contained small
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Figure 3. Previtellogenic oocyte of Perna perna. A. Early previtellogenic oocyte. The nucleus (N)
showed a wide perinuclear cisterna (*) and is positioned near the basal lamina (bl) of the acinus.
G, Golgi apparatus; Li, lipid droplets; m, elongated mitochondria; mf, muscular fibers; r, ribo-
somes. B. Late previtellogenic oocyte. Zonula occludens (double arrows) and zonula adherens
(arrow heads) between one oocyte and two follicular cells. Scale bars, A: 1 pm; B: 0.2 pm.

Figura 3. Ovocitos previtelogénicos de Perna perna. A. Ovocito previtelogénico temprano. El niicleo (N)
presentaba una cisterna perinuclear (*) ancha y se sitiia cerca de la ldmina basal (bl) del acino. G,
Aparato de Golgi; Li, gotitas de lipidos; m, mitocondria alargada; mf, fibras musculares; r, ribosomas.
B. Ovocito previtelogénico tardio. Zonula occludens (flechas dobles) y zonula adherens (puntas de flecha)
entre un ovocito y dos células foliculares. Escalas, A: 1 ym; B: 0,2 ym.

patches of chromatin. In several cells,
the chromatin formed a thin border
along the inner side of the nuclear enve-
lope, a single or two nucleoli could be
observed, and the nuclear envelope was
indented. Numerous ribosomes, spheri-
cal mitochondria, some cisternae of
endoplasmic reticulum, several lipid
droplets with no membrane, and mem-
brane-bounded dense vesicles were
found in the cytoplasm (Figs. 1-2).

The secondary oogoniae measured 5
to 6 pm in size, and the diplotene stages
of the first meiotic division (Fig. 2B, C)
were easily recognizable in their volu-
minous nuclei (4.5-5.5 pm). However,
synaptonemal complexes were not
found in these nuclei. These cells con-
tained the same organelles as described
for primary oogoniae.

Previtellogenic oocytes: The early pre-
vitellogenic oocytes (Fig. 3A) were con-
nected together and to follicular cells via
zonulae occludens and zonulae
adherens (Fig. 3B). They were round or
elongated, with irregular outlines, and

their size ranged from 9 to 15 pm. Their
cytoplasm was more voluminous than
that of oogoniae and was increased by
the addition of ribosomes, of often elon-
gated mitochondria, and of smooth or
rough endoplasmic reticulum (ER).
Several vacuoles around the Golgi appa-
ratus could be observed. Their nucleus
became elongated, with scattered chro-
matin and a thicker nuclear envelope,
showing a clearly wider perinuclear cis-
terna and the presence of ribosomes
along the outer side of the outer nuclear
membrane.

At a later stage (Fig. 4A-E), the
oocytes were elongated and their size
reached up to 18 pum. Their nuclei
became irregular, multilobulated, and
were eccentrically positioned. Numer-
ous pores through both membranes of
the nuclear envelope could be seen and
the nucleolus was often in an eccentric
position. At the same time, dense aggre-
gates with no membrane appeared in
the cytoplasm, near the nucleus. The
rough ER increased in size and some
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Figure 4 A-E. Late previtellogenic oocytes of Perna perna. Al, annulate lamellae; da, dense aggre-
gates; G, Golgi apparatus with a vesicle (gv): g, granule; Li, lipid droplets; m, mitochondria; N,
nucleus; RER, rough endoplasmic reticulum; arrow, yolk granule. Scale bars, 1 pm.

Figura 4 A-E. Ovocitos previtelogénicos tardios de Perna perna. Al laminillas anulares; da, agregados
densos; G, Aparato de Golgi con una vesicula (gv): g, granulo; Li, gotitas de lipidos; m, mitocéndria; N,
niicleo; RER, reticulo endoplasmdtico rugoso; flecha, grdnulo de vitelo. Escalas, 1 pm.
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