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SUMMARY maturation, follicular cellszona radiata and corti-

cal alveoli were characterised by a strong increase
The developmental stages of female germ cellof specific binding for WGA.
were analysed in a wild population of the protogy-
nous teleosEpinephelus marginatusowe, 1834).
321 wild dusky grouper females were collected irINTRODUCTION
the South Mediterranean Sea during the spawnir
season and their ovaries analysed using histologic The study of gonad development in teleost fish
and histochemical techniques. Oocyte morpholog)leads to the acquisition of basic knowledge of their
nucleus-cytoplasmmatio (N/C) range, location and reproductive biology and has practical applications
movements of cytoplasmic inclusions during prima-for the management of their reproductive cycle in
ry growth, vitellogenesis and final oocyte maturatior captivity. The histological approach permits a pre-
were described. The distribution of proteins, lipidscise definition of the process of development and
and carbohydrates through oocyte development wifinal maturation of the oocytes and allows the
also investigated in 50 females. Lipid vesiclesidentification of the essential morphological para-
appeared firstly in the mid ooplasm of oocytes largemeters that can be used to monitor the sequence
than 13@m, at the beginning of the secondaryand the timing of the ovarian development.
growth phase. Immediately afterwards, small carbc The dusky groupdgpinephelus marginatu&mi-
hydrate granules (PAS and Alcian blue positively: Serranidae; subfamily: Epinephelinae) is a com-
appeared before the occurrence of the first yolk graimon, wide-ranging species occurring on both sides
ules. Tyrosine-enriched proteins were especially evof the Atlantic Ocean, throughout the Mediterranean
denced in thezona radiata internaof late vitel- Sea and around the southern tip of Africa (Heem-
logenic oocytes. Specific lectin binding patternsstra, 1991). The dusky grouper is of interest because
reflected characteristic differences in the content arof its considerable commercial value and because of
distribution of specific sugar moieties expressed iilemerging concern over its over-exploitation (Annex
the oocytes during vitellogenesis and final matura3 to Berne Convention, 1996,Relini, 1999). Arti-
tion. At the end of vitellogenesis and during finalficial propagation programs are being planned for
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restocking purpose 4O, 1997) and further knowl MATERIALS AND METHODS

edge on its reproductive cycle is needed to set L

controlled reproduction techniqué&s.maginatusis ~ Sampling and preservation

a monandric protogynous hermaphrodite, incom Wild dusky grouper females were capturedl of
pletely metagonous, reaching its first maturity latethe Pelagie Islands (Mediterranean Se&;38 N
(Marino et al, 2001). In captive broodstock, dusky and 10-14° E) by professional hook-and-line or
grouper females fail to complete vitellogenesis anpy divers.The ovaries of 321 specimens were dis
final oocyte maturation, and spawning does ncsected immediately after capture, sexed and
spontaneously occur (Glamuziegal, 1998; Mad  macroscopically analysed for the stage of maturi
no et al., 2000).T_|II now few data on the ovarian ty as described in Marinet al. (2001). Apical,
morphology of wild dusky grouper have been-pub central and caudal portions of gonads were fixed
lished and they are more related to reproductive pein Bouin's solution and/or in 2.5% glutaraldehyde
terns than to ovarian development and oocyte mojn 0.1M cacodylate bégr, pH 7.2 for histological
phology and histochemistnBruslé and Bruslé ang histochemical analyses. Some samples were

(1975) reported a synchronous development of tr5 54 pre-fixed in 10% bidred formalin and cryo
ovary Maturation in shifts, through the recruitment ;atic sectioned for lipid detection.

of “waves” of previtellogenic oocytes, was describec

by Bouain and Siau (1983) on the basis of CVtOpIaS'HistoIogy
basophiliaA group synchronous development of the
ovary was recently determined in the dusky groupe
by Massarkt al.(1999) on the basis of the distribu
tion frequency of vitellogenic oocytes. Multiple
spawning was also identified by the same authors
relation to the presence of post-ovulatory follicles ir
maturing ovaries.

This study describes the developmental stages
the female germ cells through oocyte growth an
final maturation.The cytochemical features of the
female germinal line were analyzed and the accul
rence and distribution of lipid vesicles, yolk gran
ules and cortical alveoli within the developmenta
oocytes were described by means of routine -istc
chemical techniques. Lectin histochemistry was™ - o : .
also applied to study occurrence and distribution cUration) usually utilized for Epinephelinae (Abu-
few sugar moieties within oocytes in feifent Hakima, 1987; Sadovy and Colin, 1995). Oocytes

developmental stages. Lectins are sugading Were classified according to their morphology
proteins of non-immune origin that precipitate-gly &ffinity for dyes and the presence and position of
coconjugates having saccharides of appropriailiPid droplets, yolk vesicles and granules. Postovu
complementarity (Goldsteiet al, 1980). In partic latory folhcl_es and atretic folll_cles were classified
ular, we analysed the spatial distribution of glyco On _the basis of their hlsto_loglcal appearance, fol
conjugates, which are known to be involved in thelowing Hunter and Macewicz (1985).

binding of hormones, in transport of metabolites _

and ions across the plasmalemma and sperm-e Histochemical procedures

interaction (Macek and Shur988; Miller anddx,  Histochemical analyses were performed Sh
1990).The identification of specific lectin binding Specimens. Staining such as 1% Coomassie Bril
patterns in dusky grouper oocytes provides furtheliant blue (G250, in ethanol 50%) for proteins in
basic information on the development and maturegeneral, Morel Sisley for tyrosine-, ninhydrin-
tion process of oocytes in fish and could be utiliseiSchiff for lysine- and Adams for tryptophan-
to assess the quality of oocyte in captive broocenriched proteins were usedihe lipid droplet
stock. content was studied in cryostatic sections with

Gonads were embedded in pérafor glycol
methacrylate resin (Kulzer 7100). g+ parafin
embedded sections were stained by haematoxylin-
eosin and Mann Dominici staining, 142 resin
embedded sections were stained by toluidine blue
and Lees methylene blue-basic fuchsin (Beccari
and Mazzi, 1972; Bennett al, 1976). To aid
parafin section adhesion, microscope slides were
coated with a thin film of poly-L-lysine solution
(2:100, Sigma Chemical Co., USA)he develop
mental stages of oocytes were studied following
the scale described by Mayatral. (1988) adapted
to a five phase classification (primary growth
phase, earlymid and late vitellogenesis, final mat
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Sudan Black B for the detection of general lipids Oocyte measuement

while phospholipids, neutral and acid lipids were At least 30 oocytes from each stage were measured
studied with Nile blue sulphuric acid and aqueouw:in apical, central and caudal sections along the
Nile blue, respectivelyPeriodic acid ScHifPAS)  median axis of the oocyte parallel to the horizontal
for neutral muco-substances afttian blue for ~Micrometer gradatior{De Martini and Fountain,
carboxylated and sulphated muco-substances (p1981).The study was carried out using image-pro
2.5 and 0.5, respectively) were utilized for theCeSSINg and analysis software (Global Lab Image).

study of cortical alveoli on parfaf embedded sec
tions. All the h_|stochem|c_al metho_ds were per peoyiTs
formed according to routine techniques (Beccat

and Mazzi, 1972; Barka arithderson, 1963)The  The gyaries were two unequal lobes fused along
identification of sugar residues &fle I) in the the medial-caudal portion, surrounded by a thick
oligosaccharide chains of the mucosubstances Wtunica albuginea. In each lobe, lamellae of-con
accomplished using specific HRP- and/or flueresnective tissue were projecting into the central
cein-conjugated lectins (Sigma Chemical Co.lumen. Each lumen fused posteriorly into a eom
USA) according to Skutelskgt al. (1994).When mon cavity gradually reducing in size to form a
HRP-conjugated lectins were used, endogenotsmall post-ovarian sinughe ovarian wall con
peroxidase was always blocked with 4%kin tajned smooth muscle Iayers and connective'tissue
saline phosphate Hef, for 30 min. Moreover With blood and lymphatic vessels and nerve fibres.
endogenous peroxidase activity was checked £ Six female developmental stages histologically
incubating untreated sections with DAB solution.qe_ls_cglbeﬁ %’ Ml?stsae;?l. (t.lg?g) t{;lre summartl_?etd g
The respective peroxidase conjugated lectins weyl 1aDIE fl. FOCKELS of lesticular issue, constitute

; . by small cysts of male germ cells, were always
omitted and/or their hapten sugars were added regent amongst the female tissue, following the

control sections. Lectin staining was partially or«gpinephelus type” ganization (Smith, 1965).

completely inhibited when the corresponding-hap The histological and histochemical aspects of
ten was added to the standard lectin solution. Noocytes through primary growth phase, early-,
endogenous peroxidase was observed after incukmid- and late vitellogenesis and final maturation

tion with DAB-H,O;solution. are given below
Table |

Lectins used and their binding specificities according to Spicer and Schulte (1992) and Skutalgkp94)
Lectin: latin name Concentration Binding
(common name) and aaonym (ug/ml) specificities
Canavalia ensiformigjack bean) Con-A 50 a.D-glucose, terminal, internal a-D-mannose
Triticum vulgaris(wheat germyVGA 50 [3-1-4-N-acetyl-D-glucosamine, sialic acid
Dolichos biflous (horse gram) DBA 10 a-N-acetyl-D-galactosamine
Glicine max(soybean) SBA 10 a-N-acetyl-D-galactosamine, a-D-galactose
Bauhinia purpuea(camels foot tree) BR 50 3-galactose-1-3- N-acetyl-galactosamine
Griffonia simplicifoliaGS-I 50 terminal a-D-galactose
Griffonia simplicifoliaGS-II 50 a,3-N-acetylglucosamine, glycogen
Maclura pomifera(hedge apple treé)yIPA 50 terminal-3-galactose-1,3-N-acetyl-galactosamine,

galactose-1,6-N-acetyl-a-galactosammine

Ulex euppaeuggorse seed) UEA-I 10 a-L-fucose
Arachis hypogaegpeanut)PNA. 20 terminal 3-D-galactose-1-3-N-acetyl-

galactosamine
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Table Il
Ovary maturity stages in dusky grouper females, according to Massdr{1999)

Maturity stage Histological description

J. Immature Primary germ cells (PGC), oogonia and small previtellogenic oocytes (PVG) filling the
short ovigerous folds

F1. Resting PGC, oogonia and PVG in both CNS and PNS stages especially present at the periph
ery of the elongated ovarian folds.

F2. Developing Ovigerous folds filling ovarian cavity; numerous late PVG near one batch/of L
oocytes.

F3. Maturing Groups of coetaneous oocytes from PVG to vitellogenic stay§ed (LYIl and YIII).

F4. Mature One group of hydrated oocytes amongst batches of vitellogenic oocytesenerdif
stage.

F5. Pattially running Ovigerous folds partially emptyPost-ovulatory follicles (POF) together with new
batches of oocytes in all stages of vitellogenesis inclidikadocytes.

F6. Post-spawning Empty ovigerous folds with few residual yolked oocytes and numerous atretic vitel

logenic follicles.

Histology Perinucleolus stage (PNS)

Primordial germ cell§fPGC) were oval unstained At the beginning of this stage, oocyte diameter
cells.They were relatively lae (12-24m in diam  ranged betweeA0-6(um and the N/C was about
eter) and usually arranged in clusters of a few cell0-58. Cytoplasm was homogeneous and strongly
(Fig. 1a) both along the edge and the axis of thPasophilic.The lage nucleolus was still evident,
ovigerous foldsThe diameter of the nucleus ranged®Ut Small nucleoli were detectable close to the
between 9 and 18n. The nucleus/cytoplasmatio nuclear membrane. Later PNS oocytes increased

in size, reaching 8010um in diameter while the
|(rl1\|{[ ﬁé \f';an?a‘?g(;l:]t dofngrl]:f)i;iso},\{cf\r:gpc:ﬁzzm both cytoplasm became less homogeneous and gradu

! : ally decreased its fafity to haematoxilin. The
Oogonia(O) developed from PGC and their cyto ,cleus reached 4566 (N/C 0.57) with more

plasm was stained with haematoxyliese cells numerous small peripheral nucleoli (Fig. 1b).
were 15-24m in size and contained a paleg@r Basophilic material (Balbiars’ body) appeared
nucleus (9-18m). The N/C was about 0.6 (Fig. close to the nucleus in early PNS and moved to the
1a). One nucleolus was usually present within th periphery gradually losing its &hity for haema
chromatin network. Oogonia, isolated or in elus toxylin in late PNS oocytes (Fig. 1é).single lay
ters, were present during the entire annual cycler of cells surrounding the oocyte became visible

even though they could be more easily observedt this stage.
along the edge of the ovarian folds, in immature, ©OCYtes in primary growth phase were observed
and developing ovaries. in the ovary throughout all stages of ovarian

development, but were particularly numerous at

. the beginning and at the end of the reproductive
Primary growth phase period (Bble I1).

Chromatin nucleolus stage (CN8pcytes (25 “crom now on, cells in primary growth phase wil

40um) with a narrow cytoplasm ring were deeply e also indicated as previtellogenic oocytes (PVG).
stained with haematoxyli.he nucleus was lge

(15-23um) with strands of chromatin and a singlegarly vitellogenesis

large nucleolus (548m). N/C was 0.59This stage  Depending on hormonal and environmental fac
was relatively rapid and was rarely found, espetors, a number of PVG underwent early vitelloge
cially in maturing, mature and running ovaries. nesis.These oocytedipid vesicle stage, V) (130-
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Fig. 1 - (a) Magnification of an E. marginatus ovary showing
cyst of primary germ cells (PGC) and oogonia (O). Arrow
indicates chromatin network. (b) Early and late perinucleolus
stage oocytes (ePNS and IPNS). (¢) Magnification of Balbiani
‘s body (Bb) in a PNS oocyte. (a) and (c¢) toluidine blue, (b)
haematoxylin-eosin.

-

170um) showed a granuldightly basophilic cyte

scattered in the mid portion of the ooplasm and,
later on, also around the nucledfese vesicles
increased in nhumber and size throughout thie L
stage, ranging from 3.5 topu® in diameter
Because of the histological procedures, the lipid
content was dissolved and empty structures were
apparent in parih embedded tissueét the end

of the stage, many small granules of abquin?2
diameter appeared in the cortical portion of the
cytoplasm. Numerous flattened nucleoli and lamp
brush chromosomes were present in the nucleus.
The nucleus was 75-gh in diameter and showed
an irregular edgeit the end of this stage N/C was
0.5. A thin double layer of follicular cells and a
very thin zona radiata(1-2 pm) surrounded the
oocyte surface.\L oocytes characterised develop
ing ovaries, but were always present in maturing,
mature and running ones.

Mid vitellogenesis

Primary yolk stagenocytes(Yl) had a diameter
of 170-24Qum and a nucleus of 75tQum (N/C
0.45). Lipid vesicles increased in number and size
in the mid portion of the cytoplasm (bu®) and
around the nucleus (6.4d) and, from here on,
will be indicated as lipid droplets as suggested by
Mayer et al. (1988). These oocytes were charac
terised by the presence of numerous small yolk
granules (2-8m) in the middle of cytoplasm that
became more acidophilic (Fig. 2b). Follicular cells
were oganised in two well developed layers, the
granulosa cells with a constant thickness of about
4um, and a thin thecaxterna Zona radiata(ZR)
showed higher &hity for eosin and started to
exhibit a bipartite structure constituted bgna
radiata externa(ZRE) andzona radiatainterna
(ZR1). ZRE was thinner (218n vs.1.7um) but
more strongly stained with eosin than ZRI.

Seconday yolk stageocytes(Yl1l) had a diame
ter of 250-35(m and an irregular nucleus of 95-
120um (N/C of about 0.35As vitellogenesis pro
ceeded, yolk granules increased in number and in
size (10-16um), especially in the inner portion of
the cytoplasm and became slightly acidophilic.
Lipid droplets were distributed in the inner part of
the cytoplasm and further engead (1L-12um), but
smaller ones (748n) were still present in all the
ooplasm (Fig. 2c). ZR was prominent (48

plasm and contained small lipid vesicles (Fig. 2awide) and divided almost equally in ZRE and ZRI.
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Table IlI
Lectin reactivities during vitellogenesis and final maturation

Lectins* LV YI Yl Yl H

DBA FC
ZR -
YGm
CA

SBA FC
ZR
YGm
CA

PNA FC
ZR
YGm
CA

WGA FC
ZR -
YGm
CA

Con-A FC
ZR
YGm
CA

GS-l FC -
ZR

YGm
CA - ++ ++ ++ +

GS-lI FC - - - - -
ZR -
YGm
CA -

BPA FC -
ZR -
YGm
CA

MPA FE
ZR
YGm
CA

UEA-I FC
ZR - - -
YGm - - -
CA - - - - -

1
I+

+ O+
+

o
+
+
+

+H O 4+
H+ H+ +
+

S

=+

+ +

o+
| I}
| I}
T
| I}

1

1 1

1 1
+

1

+ '+ o+
+ 4+ +
+ +
+ +

++ ++

+ o

+ + I+
[ 1
1 1
1 1
1 1

I+
+

rH
e

1
1
+ + '+

+ 1+
L E A
LI F

1
1
1
+ ot

Results are summarised as follows: -, negatiyeyeak; +, moderate; ++, strong staining.

LV, lipid vesicle stageYl,YIl and YIIl, yolk granules type I, Il and Ill, H, hydrated oocytes, FC, follicular cells;
ZR, zona radiatayGm, yolk granules membrane; CA, cortical alveoli.

*See table 1 for lectin name.
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Fig. 2 - Vitellogenic phase of E. marginatus ovary. (a) Oocyte in LV stage showing lipid vesicles both around the nucleus and
in the mid portion of the cytoplasm (arrows). (b) and (¢) Yolk granules (YG) in the ooplasm of type I (YI) and type II (YII)
oocytes, respectively. (d) Magnification of YIII oocyte showing yolk granules (YG), cortical alveoli (arrow) and zona radiata
externa and interna (ZRE and ZRI). (a) toluidine blue, (b) and (¢) Lee’s method, (d) Mann Dominici.

Late vitellogenesis Groups of healthyl, YII and Ylll oocytes were
Tertiary yolk stageoocytes(YIll) had a diameter always present in maturing, mature and partially
of 350-50Qum and nucleus of ID-15Qum (N/C  running ovaries.
0.3). Ooplasm was completely filled by aci
dophilic yolk granules that reached theirgest Final oocyte maturation (FOM)
size. Mann Dominici staining showed two types of Post-vitellogenic oocytes showed an increase of
yolk granules; one group, er in size (1gm), lipid droplets scattered amongst the deeply stained
was pale pink and scattered within the cytoplasnyolk granules. Numerous cortical alveoli, intense
the other group, deep blue, was located both nely blue with Mann Dominici, were confined at the
the nucleus (32m) and at the periphery ().  periphery of the ooplasnThe nucleus (germinal
Lipid droplets (12-1Bm) were especially vescicle)was still in a central position and showed
localised in the peri-nuclear zone and started tsmall peripheral nucleoliThe process of lipid
fuse one with each other becominggkar Cortical ~ coalescence resulted in the formation of a centin
alveoli were evident at the periphery of theuous mass of lipids starting from the perinuclear
oocytes. Granulosa cells were cuboidal and ZRIzone (Fig. 3a). Subsequenttiie germinal vesicle
and ZRI were 16-18n wide in total (Fig. 2d). (GV) moved to the animal pole (germinal vescicle
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i L — LK oy
Fig. 3 - Maturation phase of an E. marginatus ovary. (a) Lipid
vesicles and yolk granules start to coalesce. (b) Migration of
germinal vesicle (GV). (¢) Translucent hydrated oocyte (H).

(a), (b), (c) toluidine blue.

migration, GVM, 550-60am) and yolk granules
and lipid droplets were fused in amorphougdar

94

plagues (Fig. 3b)After the germinal vesicle
breakdown (GVBD, 600-6%0n) was completed,
the confluence in a single mass of yolk granules,
lipid droplets and mucopolysaccharidic material
gave a translucent aspect to the ooplasm (Fig. 3c).
Thesehydrated (H)oocytes showed several certi
cal alveoli still detectable at the periphery of the
ooplasm.

In this stage, oocytes rapidly increased in volume
(550-800um diameter) due to hydration. Follicu
lar layers stretched and became flattened with a
decrease in thicknesshe vitellin envelope
showed a more compact appearaneder these
oocytes assumed an irregular shape.

These oocytes were observed in mature females.

Post-ovulatoy follicles

After spawning, follicular cells collapsed and eon
stituted a convoluted post-ovulatory follicle (POF)
characterised by a lg@ and irregular follicular
lumen formerly occupied by the oocyAd first fol-
licular cells were folded in loops in which hyper
trophic granulosa cells, cubic in shape and with a
large nucleus, were especially evidefhe theca
layer was closely adherent to the granulosa layer
and contained numerous blood capillaries (Fig. 4a).
Thereafter the structure became less convoluted
and irregular with a smaller lumen that started to be
reabsorbed. Some of the nuclei of the granulosa
cells became pycnotic (Fig. 4b). POFs remained for
a short time in the ovaryand in the latest stage it
was very dificult to distinguish them from the late
atretic structures. POFs were always present in par
tially running ovaries together with new batches of
healthy growing yolked oocytes.

Atretic follicles

Those oocytes that had not been ovulated under
went atresia. In early atretic follicles (eardy
stage), the nucleus became more irregular in
shape, more basophilic and then underwentdisin
tegration, dischaing its contents into the cyo
plasm (Fig. 4c). In latex-stage,zona radiata
became fragmented, lost striations and formed
irregularstructures enveloped within the degener
ating yolk (Fig. 4d). Numerous blood capillaries
within the thecal layer were visible. Later ([3-
stage), yolk granules lost their structural integrity
and were phagocytized by the hypertrophied-gran
ulosa cells invading the degenerating oocyte.
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Fig. 4 - Early (a) and late (b) post-ovulatory follicles (POF) of E. marginatus. (¢) a-stage atretic vitellogenic oocytes showing
fragmentation of zona radiata (arrow) and hypertrophy of granulosa cells (*). (d) Magnification of late a-stage atretic vitel-
logenic oocyte. (a) and (d) toluidine blue, (b) haematoxylin-eosin, (¢) Lee’s method.

Different patterns of atresia were observed iinucleoli and ZR, strongly positive to Coomassie
dusky grouper ovaries. Early in the spawning sez¢blue (Fig. 5a).Tyrosine-enriched proteins (Fig.
son, numerous developing ovaries (about 33.3 %5b) were present in the ZR starting from thé L
showed a lage number of atretic oocytes in the stage and reaching the highest intensity in the
first batch undegoing vitellogenesis. During the 7RE of YIII oocytes; fromYI to Yl oocytes,
mid spawning season, a small amount of atretiyo|k granules increased in positivity ta¢ery few
vitellogenic follicles (2-5%) was observed nearjysine-enriched proteins were observed during the
healthy advanced yolked oocytes. Latgrthe end proceeding of vitellogenesis in the oopladiyp-

of the reproductive season, strong atresia of-vite , jnn_enriched proteins were not detectable.
logenic follicles was a physiological event indicat

ing the cessation of spawning. Occasionallye
sia of unyolked oocytes, with a process similar tc
a-stage but without yolk, was observed in resting

Lipids
In order to verify the lipidic nature of the “lipid

and developing ovaries. vesicles-droplets” observed during the histological
study specific histochemical methods on cryostat

Histochemistry ic sections were performed’he most intense
Sudan Black B reaction was observed in thgdstr

Proteins droplets distributed along the mid and inner cortex

In previte”ogenic oocytes, Cytop|asm and ntucle of Yll and Yl” oocytes.A falnt reaction for ||p|dS
oli were positively stained for proteind/itel- ~was sometimes present in the membrane around
logenic oocytes showed yolk granules, as well athe yolk granules of the vitellogenic oocytes.
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Carbohydrates DISCUSSION

Carbohydrate studywas firstly performed by

means of Periodiécid Schif (PAS) andAlcian This study provides the first detailed histological
blue reactions. No positive material for either stainand histochemical description of female germ cell
ing was ever observed in PGC, oogonia and primidevelopment in the protogynous dusky grouper
ry oocytesAt the end of the lipid vesicle stage, amaminatus Oocytes were primarily analyzed fol
strong RS positivity was evident in the ZR oML |owing the classification usually utilised for Epi
oocytes (Fig. 5¢). In these oocytes, smalB®Os  nephelinae (Abu-Hakima, 1987; Sadovy and-Col
itive granules appeared for the first time in the micjn ' 1995). Nevertheless, in order to give a more
portion of the cytoplasm (Fig. 5@lcian blue pos  detailed cytological description, 8 cellular stages
itivity was also observed in these structures at pl(chromatin nucleolus, early and late perinucleolus,
2.5. Weaker positivity was observed in the samejipid vesicle, yolk granules 1, Il and Ill, hydrated)
granules and in the ZRE of yolky oocytés.the  \yere described following the classification of
beglnnlng_of th_e final maturation, numerous corti Mayeret al.(1988).
cal alveoli, stained deeply withAB and slightly pysky grouper oogonia entered the period of pri
W|th Alcian blue, pH 2.5, were detectable at themary growth phase, gonadotropin-independent,
periphery of the ooplasm. . after reaching 2%m diameter These chromatin
Carbohydrates were further studied by means «, jeolus stage oocytes (CNS) were not commonly
specific lectins in follicular cells (FCgona radiata g in ovaries, suggesting that the transformation
(ZR), yolk granule membranes (YGmM) and cortica ot q0nia into CNS and then perinuleolus stage
a_llveoll (CA) during V|tellogene3|s and final matura oocytes (PNS) was a rapid process. Early and late
tion. Results are summarisedTiable IIl. PNS oocytes appeared to be the most characteristic

Follicular cells. Specific b_|nd|ng for_GS-I and GS- previtellogenic oocytes in the ovary Bf magina-

Il was never o!etectable in the follicular enveIOpetusandwere predominant in immature, developing
ngr}(/er\yggki ndf{}'tg (;‘(c:)r ESI\IOV,egI? na?i\ n?ndfcl)\flllsév:s and resting ovaries. PNS were also always present
SBAand BR was r)gseht M-I oot)c/ytes WGA during the vitellogenic phases, suggesting a contin
affinity increased fl?om(l to YIll oocytes (F.ig 5d) uous recruitment of oocytes during the reproductive

: - e o 1ySeasonAt the beginning of the perinucleolus stage,

but was weak ly present in the foIhc_uIar cells in Ha structure simil%r to E'?hat desrs:ribed as Balma?]i’
oocytes. Follicular cells were negative for UEA-I, bodv (R 1961) in other teleostsallat d
such as observed in all structures of the oocytes. S(()elr)r/]a(nr?vfgné 1 Iwa?mlgt:m ;r fggg_s I\S/gye:t :In

Zona radiata.No specific binding for GS-Il and § .
PNAwas detected in any oocyte development stag 1988 Coello and Grimm, 1990) appeared, even
though not as strongly basophilic as previously

Specificity for ConA was only present in\L . .
ogcytlelsx[/yVeak afinity fc\),;l DBA gndp SBAIN IY” described. It usually disappeared at the end of the
YIll 'and H oocytes, and for GS-1 and Mifn all  PNS stage. , _ _
stages, were observed. PNvas always negative, During V|teIIogene_S|s, three_ types of inclusions
while moderate to strongVGA binding was (lipid globules, cortical alveoli and yolk granules)
for WGA was inhibited in the sections by pre-treat @PPearance may vary in theferent species (Sel

ing them with sialidase. man and/Vallace, 1986)In several teleosts, such as
Yolk granules membranesStrong dinity was ~Morone saxatilis(Groman, 1982)0Oryzias latipes
evidenced in granule membranesYdf and YIII  (Iwamatstet al, 1988) andSeriola dumerilii(Grau

oocytes only for GS-I, even though moderate o€t al, 1996) lipid globules, cortical aIv_eoIi and_ yolk
weak afinity for DBA, SBA, WGA and BR were  granules appear subsequenttiyother fish, cortical
observed irYIll oocytes. alveoli appear first, just before the lipid globules

Cortical alveoli. From vitellogenesis to final mat  (Selman andWallace, 1986, 1989; Landry and
uration, WGA, DBA, SBAand GS-I (Fig. 5f) were McQuinn, 1988; Bengest al, 1991; Gonzales De
specifically bound in cortical alveoli showing a Canaleset al, 1992) while in the sea bass lipid
strong reaction itvlll oocytes. No or weak #ihi-  droplets appear first, followed by yolk granules and
ty was observed for Con-A, MPBPA and PNA.  cortical alveoli (Mayeet al, 1988).
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Fig. 5 - (a) Proteins in yolk granules (YG) and zona radiata interna (arrow) of a YII oocyte. (b) Tyrosine-enriched proteins in the
zona radiata (arrow) and yolk granules (arrowhead) of a vitellogenic oocyte. (¢) Granules containing neutral mucopolysaccha-
rides (arrows) in the mid cytoplasm of LV oocytes. (d) WGA affinity (arrows) in vitellogenic oocytes (V) follicular envelope and
zona radiata. (e) Strong affinity for SBA in cortical alveoli (arrows) of late vitellogenic (V) follicles. (f) Specific binding for GS-
I'in the cortical alveoli of hydrated oocytes (H). (a) Coomassie brilliant blue, (b) Morel-Sisley, (¢) PAS-haematoxylin, (d) WGA-
FITC, (e) SBA-FITC, (f) GS-I-FITC.

In E. maginatus cytoplasmic inclusions occurred as polysaccharidic material, were visible at the end
in oocytes lager than 13@am (LV oocytes). Firstly  of this stage in the mid-outer portion of the eyto
lipid droplets containing neutral lipids appeared irplasm. The presence of carboxylic groups was
the mid portion of the cytoplasm. Small granulesshown up by the positive reactiorizian blue, pH
deeply stained withAS reaction and characterised 2.5. The same histochemical characteristics were

97



Imp. Mandich 3-09-1956 10:52 ©Pagina 98 $

observed in “cortical alveoli” which appeared at theéon the cause of atresia and its role in regulating the
periphery of cytoplasm in late vitellogenic oocytes.number of oocytes progressing from stage to stage
Lectin binding pattern confirmed the presence oin teleosts Although the atresia process has been
neutral and acid sugar residues with an increase poorly described in groupers, it was routinely
the latter in late vitellogenic and hydrated oocytes. observed inE. tauvina ovaries throughout the
Vitellogenic oocytes increased in diameter fromspawning season (Abu-Hakima, 1987).Hnmar
130 to 50Qim, and the final stage of vitellogenesis ginatus at the beginning of the reproductive season,
was first observed in oocytes der than 350m.  some ovaries showed adernumber of \/ oocytes
Yolk granules wereAS negative and contained pro in o-stage atresia (in agreement with Hunter and
teins above all. Specific histochemical staining evi Macewicz, 1985). Extensive atresia &f andYI
denced the increasing presence of'tyrosine-enrichnoocytes was observed in youBginephelus aeneus
proteins fromY| to YlII oocytes, while only small ~ females before the attainment of first sexual maturi
amounts of lysine-enriched proteins were de'gectablty (Hassinet al, 1997). Rare atretic vitellogenic
The follicular envelope, as a single layérst — gocytes were also observed in maturing ovaries,
appeared at the end of the PNS stAg#gouble cell \\here the simultaneous presence of many healthy
layer started to be visible ifVLoocytes and gran vy gocytes demonstrated a regular reproductive
ulosa and theca cells were clearly visible frgm activity as also reported for other teleosts (Hunter
oocytes. During early vitellogenesis, these cell:gg Macewicz, 1985; Matsuyaratal, 1987; Hay
_began to gnter into contact with the oocyte throug and Brett, 1988: Barl:;ieeit al, 1994 Lowerré—Bar
interweaving of the basal membrares usually pigriet a1, 1995)At the end of the reproductive sea
observed in teleosts (Kagaeal, 1981,Wallace o5, the cessation of spawning was indicated by the
and Selman, 1981) and the identifiabtna radk osence of ovaries in which all vitellogenic oocytes
ataappeared &S positive. Successivelthezona oo interested by the atretic process.
radiata became divided in a ZRE and ZRI. ZRI "0 o0 10my and histology of teleost ovaries have
contained tyrosine-enriched proteins, as evidence been described for a lot of species. Few studies have

bzutlrll € vo%ﬁlcigﬁgsrgigg%n'lishe d final maturatiorbeen made to characterise the gonadal mueosub
Y9 b stances of fish other than theiffirity for Alcian

through several processes involving both nUCIeuque FAS and other conventional staining. Lectins
and cytoplasmrThe first event was the migration of ’ L - g.
are carbohydrate-binding proteins that have been

the nucleus (germinal vesicle migration) to the ani :

mal pole, where the micropile was located. Immedifound to be powerful and reliable tools to charac

ately before and during this phase, lipid vesicle€iSe glycoconjugates in tissues (Lis and Sharon,

started to coalesce in dusky grouper oocyfés ng) Sg_lcer allnd _Schg{ltz, 1992; P.?Jak anbd rl?a:jnguy
Vv o miarate to th iohery togethe1993). Since lectins bind to specific carbohydrate

GV appeared to migrate to the periphery toge EreS|dues (Lis and Sharon, 1986), the lectin binding

with the fusing lipid droplets as observedditen o
trarchus labraxand Morone saxatilis(Alvarifio et patterns observed in this study could reflect charac

al., 1992; Mylonat al, 1997). GVmigration was teristic diferences in the content and distribution of
observed very rarely in the ovaries analysHe specific sugar moieties expressed in the oocytes dur
poor frequency of oocytes with GVM in relation to IN9 vitellogenesis and final maturation. In our study
the total number of estimated oocytes ugdelg ~ ZONa radiataand cortical alveoli, characterised by a
final maturation within the same batch would -sug higher content of carbohydrate residues compared
gest this phase to be very rapid in the dusky groupeWith the oocyte itself, showed téfent patterns dur
Germinal vesicle dissolution was followed by yolk ing oocyte growthThe strongest hity observed
globule coalescence. During Gkhigration and inzona radiateand follicular envelope at the end of
breakdown, oocyte diameter significantly increase:Vitellogenesis was faVGA. Cortical alveoli inY 1l
as a consequence of oocyte hydrat®resumably 0ocytes showed strongfiafty for DBA, SBA and
GVBD and yolk globule coalescence took place conGS-l, too. Lectins have been used to characterise the
comitantly since both phenomena were observed izona pellucidan mammals with light and electron
the same analysed oocytes. microscopes (Skutelsket al, 1994). Several
Atresia plays a major role in oocyte growth ancauthors have suggested that, in mammals, specific
recruitment in vertebrates. Few studies are focusesugar residues in trmna pellucidaare the key for
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species specificity of the interaction between spermi
tozoa and oocyte3he high reactivity foWGA in
zona radiataand cortical alveoli of dusky grouper
postvitellogenic oocytes may reflect a high conten
of either N-acetyl-glucosamine or sialic acid
residues, or both (Monsigmst al, 1980) in these
structures. Nevertheless, negative reaction fc
WGA, after pre-incubation with sialidase, and rega
tive reaction to GS-II, appear to suggest the presen
of sialic acid in these structures.
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