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Summary. Pig and rabbit oocytes were cytoautoradiographically checked for their
S-methiosynthetic activities during meiotic maturation. Tritiated uridine and lysine or 35
introduced into the culture medium in which the oocytes were maintained either
at the beginning of the germinal vesicle breakdown in vitro or after reaching
a more advanced stage of this process in vitro or in vivo. Some oocytes were maintained
thereafter in a cold medium to trace the metabolism of the labelled protein.
H incorporation into the nucleolus and nucleoplasm, during
3
In addition to uridinepig oocyte maturation it was found that an intensive RNA synthesis site appeared in association with condensing chromocentres of the GV II. A considerable proportion of oocytes
from slaughterhouse material did not show intensive GV activity in RNA synthesis during
maturation in vitro.
In the pig and rabbit oocyte it was shown that the newly synthesized 3
H- lysi ne- labelled
protein accumulated to a high degree in the GV and in the nucleolus. The labelled protein
accumulated in the GV up to the stage of GV IV (pig) and persisted during the chase period
in the ooplasm ; it was found to be associated with chromosomes of metaphase I (pig) or
metaphase II (rabbit) of the meiotic division. The process of protein accumulation in the GV
was not influenced by meiotic arrest during oocyte culture in autologous follicular fluid.
A similar accumulation of the label in the GV was detected in oocytes which were
S-methionine.
cultured in a medium enriched by 35
In some oocytes the labelled protein failed to accumulate in the nucleolar area during
maturation in vitro.
nine

were

immediately

Introduction.
of the sub-cellular events occurring during fertilization prea knowledge of the origin and role of different long-life
other
things
among
supposes
mole:ules formed at different times before fertilization during differentiation of both
gametes. In the oocyte, a significant mission is attributed even to those macromolecules which are synthesized during the very last period before ovulation, which is
An

understanding

called meiotic maturation and includes a process of germinal vesicle breakdown
(GVB) and 1st polar body emission. According to cytophysiological evidence, a factor
responsible for the activation of the sperm genome is synthesized in the rabbit oocyte
during this period (Thibaud and Gérard, 1970). A similar situation has been detected
in other mammals so far studied : mouse (Iwamatsu and Chang, 1972), pig (Motlik
and Fulka, 1974a), man (Soupart, 1975) and cattle (Thibault et al., 1975).
Only recently has it been recognized that the final stages of the development of the
mouse follicular oocyte are also a period when very intensive synthesis of RNA and
protein takes place (Bloom and Mukherjee, 1972 ; Rodman and Bachvarova, 1976 ;
Wassarman and Letourneau, 1976a, b). A conspicuous localization of newly synthesized products has been reported in the germinal vesicle (GV).
In this paper we report an autoradiographic study of RNA and protein synthesis
in pig and rabbit oocytes matured in vitro, with the main emphasis on topography
and time sequence of RNA and protein metabolism in the GV. Our further research
in this area will cover the fate of the labelled material after GVB in the ooplasm,
especially during fertilization.

Material and methods.

Pig oocytes were obtained either from
Oocyte source and culture conditions.
White
material
breed) (Motlik, 1972) or from superovu(mostly Large
slaughterhouse
lated gilts of the Minnesota and G6ttingen miniature strains (Motlik and Fulka, 1976).
Oocytes with cumulus cells were cultivated in a medium (Motlik and Fulka, 1974a)
enriched with tritium-labelled precursors of RNA or protein, for various periods of
time (table 1 and 2), with or without a fol!owing chase. In one experiment, the culture
medium was replaced with freshly obtained, centrifuged pig follicular fluid.
Rabbit oocytes were obtained from preovulatory follicles of superovulated does
12 hrs after the last injection of FSH (Folicotropin, Spofa). They were put in the medium
(Motlik and Fulka, 19746) enriched by tritiated lysine immediately after the perforation
of the follicles by needle.
-

RNA synthesis.
H of specific activity ranging from 13.7 to 24.7 Ci/
3
Uridine-5mmol (UVVVR, Prague, Czechoslovakia) was introduced into the culture medium at a
concentration of 50 [i
Ci/ml. Pig ovarian oocytes were cultured in this medium for 15,
30 or 120 min. (table 1).
-

Protein synthesis.
H (n) monohydrochloride (specific activity
3
L-lysine-4,5250 mCi/mmol, Amersham, UK) was added to the medium at a total concentration of
50 g
i per ml. Pig and rabbit oocytes were cultured in this medium continuously for 2,
c
3 or 5 hrs from the beginning of their maturation in vitro or after a period of culture in
a cold medium (table 2). In some experiments (table 2) continuous labelling was
followed by three washings in a cold medium and subsequent culture in the cold
medium (chase) for 5 or 15 (pig) or 8 (rabbit) hrs.
-

Oocytes from the superovulated gilts were removed after the times indicated in
table 2 and cultured for 3 hrs in the hot medium.
S-L-mefhionine (specific activity 128.8 mCilmmol) was used at a total concen35
tration of 100 g
ilml. The oocytes were cultured continuously in this medium for 3hrs.
c

Cytological procedures. The oocytes were prepared for autoradiography as
Durcupan thick sections or as air-dr:ed spreads. In the latter method, the ooplasm was
more or less dispersed. For Durcupan sections pig oocytes were fixed with 2 p. 100
glutaraldehyde PBS, post-fixed in 1 p. 100 osmium tetroxide in PBS according to
Sz6ll6si and Hunter (1973), embedded in Durcupan (Fluka), sectioned to about
-

0.1-0.5 pm and stretched

on

slides.

For other preparations, the cumulus celles were removed and the zona pellucida
dissolved in 0.15 p. 100 trypsine (Difco). Zona-free pig and rabbit oocytes were maintained for 10 mn in a protein-rich medium and prepared as spreads in this medium
on slides and air-dried. The slides were fixed for 20-24 hrs in
neutral-phosphate
buffered with 4 p. 100 formol at 4
C, rinsed for 2 hrs in running tap water, extracted
°
at about 2 !C for 5 mn with 5 p. 100 TCA, rinsed for 90 to 120 mn with tap water,
extracted with alcohol-ether for 15 mn, washed in alcohol, and air-dried.
Both kinds of preparations were coated with nuclear liquid emulsion Ilford
K. 5 and exposed for one month (
H-labelled precursors) or 6 days S)
3
35 in a partial
(
vacuum at 4°C. After development, the Durcupan sections were stained with methylene blue after emulsion hardening with formaldehyde (4 p. 100), pH 7.1) ; the spreads
were stained by 0.1 percent toluidine blue (Gurr) acetate-buffered to pH
4.0. The
autoradiograms were mounted with Clearmount (Gurr).
=

Results.
RNA

Continuous

labelling

synthesis

for 2 hrs after the

vitro resulted in very intensive (total
radiata cells, intensive labelling of the

beginning of pig oocyte maturation in
blackening) labelling of cumulus and corona
cytoplasm and nucleoplasm, and very intensive

and often total blackening, of the nucleolar area and the small area of
condensed chromatin (fig. 3) of the GV I. Intensive labelling of the GV II in some oocytes
was observed at labelling intervals from 2 to 4 hrs after the beginning of culture. In
addition to the situation as already described for GV I, the areas of the chromocenters,
known to occur in this stage (Motlik and Fulka, 1976), were intensively labelled

labelling,

(fig. 4). In many oocytes, on the other hand, GV labelling was not more intense than
that of the surrounding cytoplasma (table 1).
After a short pulse (15 mn) the cytoplasm was completely devoid of labelling. In
one-third of the oocytes some silver grains were observed over nucleus and nucleolus.
After a 30 mn. pulse the ooplasm was slightly labelled in most oocytes. A small number
of them, however, showed a higher concentration of grains over the GV. The cumulus
cells were intensively labelled in both short pulses.
Protein

synthesis

1) H3
-lysine incorporation
a) Continuous labelling from the beginning of in vitro meiotic maturation.
Pig.
Oocytes from superovulated gilts were evaluated for the distribution of newlyformed protein as Durcupan sections. After 3 or 5 hrs of culture in the hot medium, the
cytoplasm of all oocytes was distinctly labelled and the concentration of the grains
overlying the GV was two to three times higher than that over the cytoplasm (fig. 1).
In 85 p. 100 of oocytes the nucleolar region was more intensely labelled than the
nucleoplasm (figs. 1 and 2).
Oocytes from tertiary follicles of immature gilts were treated similarly, but
evaluated as air-dried spreads. Cytoplasmic labelling was again detected and the
germinal vesicle was labelled to a higher degree in 65 p. 100 (3 hrs hot medium) or
75 p. 100 (5 hrs hot medium) of oocytes. On the other hand, great differences were
detected in nucleolar labelling. In 50 p. 100 of the oocytes the nucleolar area was
labelled less than the surrounding nucleoplasm or unlabelled (fig. 13). 35 p. 100
of the GV’s were labelled envenly and only 15 p. 100 of the nucleoli were labelled more
intensively than the nucleoplasm, as in superovulated gilts.
-

There

marked difference in labelled protein accumulation and distribuoocytes cultured for 3 hrs in autologous follicular fluid enriched only by
tritiated lysine. According to our autoradiographic data, in more than 60 p. 100 of the
oocytes the GV showed a higher accumulation of labelled proteins than the ooplasm.
Only about 10 p. 100 of oocytes showed the highest concentration above the nucleolar
region. On the other hand, there was no absence of labelling of toluidine blue-stained
was no

tion in the

structures.

Rabbit.
Rabbit oocytes were cultured from the beginning of the meiotic maturation in
vitro for 2 hrs in the hot medium. There was very intensive labelling of the ooplasm
but the difference in labelling due to the accumulation of proteins in the GV was not so
marked as in pig oocytes. fn the GV of some oocytes there was very intensive labelling
of the nucleolar area with the adjacent chromatin (fig. 5) or a very high labelling of
condensing bivalents in late dictyate stage (fig. 6).
-

b)

Continuous

labelling of pig oocytes

in advanced

stages of GV breadkown (GVBD).

To check the extreme stage of labelled protein accumulation during GVBD
similar continuous labelling was used for oocytes which had already progressed to a
more developed stage of this process either in vitro or in vivo after HCG injection. In
those oocytes which were transferred to the hot medium after 8 hrs of culture in a
cold medium, the germinal vesicle (GV III and GV IV) was more intensely labelled
than the surrounding nucleoplasm in 41 p. 100 of the oocytes. In other oocytes the
labelling overlying the condensing bivalents was of the same intensity as in the cytoplasm. In oocytes isolated 12 hrs after HCG injection and cultured for 3 hrs in the hot
medium the labelling in the GV was higher than tha of the ooplasm in only onethird of the oocytes (figs. 7 and 8). In oocytes isolated 16 hrs afier HCG labelling intensity in GV IV and in early diakinesis was the same as in the ooplasm. These observations indicate that the newly synthesized protein accumulated in the GV up to the stage
of filamentous bivalents.

Continuous
chase.

c)
by

a

These

labelling from

the

beginning of

in vitro meiotic maturation

followed

devised to check the fate of the labelled protein during
pig oocyte culture, 3 or 5 hrs of labelling in the hot medium
was followed by a chase period of 5 or 15 hrs. After 5 hrs of chase there was intense
ooplasm labelling and stronger labelling in 50 p. 100 of oocytes with bivalents of GV III
and GV IV. After 15 hrs of chase there wns still intense labelling of tne)opksm and a
clear association of the label with chromosomes in Ic,te diakine; is and metaphaseI
(figs. 9 and 10).
Rabbit oocytes were cultured in the hot medium for 3 hrs ,.vith1
foliowing chase
of 8 hrs. After this treatment, the ooplasm was intensely label’&dquo;,’]I ,.:ad the label was
found associated with the chromosomes imetaphase in about 2’.! p. 100 of oocytes

experiments

were

meiotic maturation. In

(fig. 11).
S-L-methionine incor1:>oration.
2) 35
In the autoradiograms of pig oocyte! .;:ontinuously cultured in ,he medium enriched
with 35
S-L-methionine, intense íabelling was seen in the ooplasm and very intense

labelling (total blackening) was detected in the cumulus cells. With this precursor ioo a
similar selective accumulation of the label in the GV was observed, as referred to
above. In 40 p. 100 of the oocytes, the concentration of the grains was two to three
times higher than the concentration above the ooplasm (fig. 12) ; in a further 20 p. 100
of the oocytes the GV was slightly more strongly labelled than the ooplasm.
In the experiments using radioisotopes with sharply contrasting beta particle
energy emission, we also noted similar overall proportions of oocytes exhibiting
macromolecule metabolism. These results indicate that the shielding effect of the
cytoplasm did not affect the results obtained after tritium disintegration registered by

autoradiography.
Discussion.
its development, the oocyte accumulates a variety of specific materials
to act as regulators of gene activity during early embryogenesis (Davidson, 1969 ; Brown and Dawid, 1968 ; Bachvarova, 1974). The present study tries to
contribute to the understanding of a particular period of this process in the mammalian

During
predestined

oocyte by an autoradiographic investigation of the metabolism of RNA and protein
during the meiotic maturation of pig and rabbit oocytes.
Pig oocytes represent a very convenient material for topography and time
sequence of newly synthesized macromolecule formation. In contrast to the situation
in the mouse, the germinal vesicle breakdown in the pig is a comparatively long process extending over a period of about 20 hrs which can be cytologically divided into
at least four clearly defined stages (GVI to GV IV), marked by gradual condensation
of chromatin and by nucleolus and nuclear membrane disappearance (Motlik and
Fulka, 1976). Using cytoautoradiography after oocyte culture in a medium enriched
with tritiated uridine, it is possible in this study to correlateto some degree these conspicuous changes in chromatin morphology with transcription activity in the maturing pig
oocyte. The results indicate that, in addition to the high nucleolar activity in RNA
H
3
synthesis and distinct labelling of the nucleoplasm, very intensive sites of uridinematuration
in
the
areas
of
the
condensing
incorporation appear during pig oocyte
chromatin of the chromocentres in the GV II stage. The light microscopic methods
used in the present study cannot offer data concerning the precise localization of the
label within the complex structures of the condensing chromosomes nor the nature of
the RNA synthesis visualized in the presently described conspicouus chromatin areas
emerging during oocyte maturation. It is known from the ultrastructural studies of
chromosome condensation during meiotic maturation in the mouse (Calarco et al.,
1972 ; Chouinard, 1975) that the lengthy process of bivalent condensation includes
transition from dictyate to lampbrush-like stage ; these are both known, from other
types of cells, to be involved in transcriptive activity. Towards the end of the preovulatory stage in the mouse, the peripheral regions of the condensed portions of the
bivalents consist of more loosely arranged chromatin fibrils (Chouinard, 1975). It
may be presumed that, as detected in other cell types (see Fakan etal., 1976), these
perichromatin nuclear regions of the condensed chromatin are the site of the syntheses
of heterogeneous and pre-mRNA molecules on the perichromatin fibrils. Such

probably be translated during the following stages of meiotic maturation
during the early stages of embryonic development. Similar work with the
mouse (Rodman and Bachvarova, 1976) led to the conclusion that the synthesis of
RNA in the mouse oocyte continues up to 2 hrs before GVBD. It was also suggested by
the same authors that the RNA’s synthesized during the final stages of oocytes development are less stable than those synthesized earlier.
H radioactive labelling of oocytes collected
3
In our system of culture and uridinefrom ovaries of slaughtered pre-pupertal gilts, a very high diversity in labelling intensity was observed in the GV and cytoplasm. In a considerable proportion of the oocytes,
labelling stronger than in the ooplasm was not detected in the GV (table 1). These
results may have been influenced by follicular cells known to be involved in the RNA
synthesis of mouse oocytes in vitro and probably also in vivo (Wassarman and Letourneau, 1976a), and which may have been preserved in our preparations in varying
amounts. The unequal source geometry of our spread preparations may also have
influenced the autoradiographic detectability of the labelled GVs. Nevertheless, we
suppose that this diversity of labelling revealed probable individual oocyte differences
in the rate of RNA and also protein synthesis. These differences could reflect the
initial stages of atresia of follicles from which oocytes were aspirated. Further research
is planned in this direction.
Our results from the study of the localization of the newly synthesized lysineH3
labelled protein during meiotic maturation of pig and rabbit oocytes.support the
results already reported for the mouse oocyte and broadly discussed by Wassarman
and Letourneau (1976b), i. e., newly-formed protein accumulation in the germinal
mRNA’s would
or

vesicle and the persistance of the association of radioactive protein with chromosomes
during the later stages of meiosis. In addition to their findings we report conspicuous
labelling in the nucleolar area, elevated labelling in the GV of pig oocytes arrested
during maturation in vitro by culture in autologous follicular fluid, and the continuous
accumulation of the protein in the maturing GV up to the stage of filamentous bivalents
of the GV IV. A major component of the protein accumulated in the pig and rabbit
oocyte nucleus is probably also a lysine-rich histone, as was found in the mouse
(Wassarman and Letourneau, 1976b). The same authors failed to detect the accumulation of 3
H-tryptophan activity either in the GV or in the condensed chromosomes.
Contrary to this we were able to detect an intensive increase of grains within the GV
another amino acid
after oocyte culture in a medium enriched by 3
’>S-methionine,
to
be
is
like
low
in
the
concentration
in histones
which
known,
very
tryptophan,
that
this
observation
be
We
as
an
indication
suppose
may
interpreted
(Busch, 1965).
of the storage of molecules other than the histone-type in the GV. The process of
protein accumulation in the GV is a selective process. However no class of proteins
other than histones was found to accumulate in the GV of amphibians at such a high
rate as reported in the previous studies (Gurdon, 1974). RNA polymerase also probably accumulates in Rana pipiens GV’s (Hollinger and Smith, 1976).
The physiological process of chromatin dispersal in the mammalian oocyte may
be based on the action of some thiols which are supposed to directly reduce the
S from the
disulfide cross-links in the chromatin (Gall and Ohsumi, 1976). The 35
S-methionine in our experiments may have been easily transferred to the SH-groups
35
of cysteine or glutathione (Lehninger, 1972). Glutathione is a very probable candidate

for the main component of the oocyte reductase system (Gall and Ohsumi, 1976 ; see
also Fahey et al., 1976). The labelling in the oocyte cytoplasm and the accumulation of
the label in the GV may represent such a step as the buildup of a biochemical
mechanism important in sperm head transformation. Marked qualitative changes in
the synthesis of 35
S-methionine labelled proteins were detected in mouse (Schultz and
Wassarman, 1977) and sheep oocytes (Warnes et al., 1977) after GV breakdown.
These observations may correspond to the findings in mouse (Iwamotsu and Chang,
1972), rabbit (Thibault, 1972) and pig (Motlik and Fulka, 1974b), indicating that
cytoplasm of oocytes obtained from the ovaries at metaphaseI is fully matured as far
as the male pronucleus formation in concerned.
The accumulation of the newly synthesized protein in the nucleoli of the oocytes
during their maturation in _vitro probably reveals those proteins which, after being
synthesized in the cytoplasm, migrated to the nucleolus to interact with the ribosomal
RNA precursors, thus forming a precursor complex (Busch and Smetana, 1970 ;
Kuter and Rodgers, 1976 ; Fukuyama and Epstein, 1972). The lack of labelling in the
nucleolar area of some oocytes, as observed in our material prepared by the spread
technique, will be studied on a more reliable substrate for autoradiography. The
nucleolus has a key role in the hormone-mediated stimulus of oocyte development, at
least in a specific system (Lintern-Moore et al., 1976). It is tempting to speculate that
nucleolar physiology may play a role in determining the reason for the inability of
some

oocytes

to mature

physiologically.
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Les activités de synthèse de l’ovocyte de truie et de lapine durant la maturation
ont été étudiées par cytoautoradiographie. De l’uridine et de la lysine tritiées ou
de la méthionine 35
S ont été introduites dans le milieu de culture, soit immédiatement au
début de la rupture de la vésicule germinative (VG) in vitro, soit à des stades plus avancés
soit in vivo, soit in vitro. Quelques-uns des ovocytes ont été maintenus ensuite dans un milieu
froid, de manière à suivre l’évolution des ARNs et des protéines marqués.
Pendant la maturation de l’ovocyte de truie, en plus d’une incorporation de l’uridine
dans le nucléole et le nucléoplasme, une synthèse intense d’ARN se produit au niveau des

Résumé.

méiotique,

chromocentres en voie de condensation dans les VG au stade Il. Une proportion très
importante des ovocytes provenant d’ovaires recueillis aux abattoirs ne montrent pas
cette intense synthèse d’ARN in vitro.
Dans l’ovocyte des deux espèces, la plus grande partie des protéines nouvellement
H, s’accumulent dans la VG et le nucléole. Ces protéisynthétisées et marquées à la lysine 3
nes marquées accumulées dans la VG jusqu’au stade IV (truie) sont présentes dans le
cytoplasme après la période de chasse. Elles sont associées aux chromosomes en métaphaseI (truie) ou en métaphase Il (lapine) des divisions méïotiques. L’accumulation dans
la VG n’est pas modifiée si la reprise de la méiose est inhibée par la présence de liquide

folliculaire.
Une accumulation de la radioactivité semblable est observée dans la VG après
culture en présence de méthionine 35
5.
Dans quelques ovocytes les protéines marquées ne s’accumulent pas dans l’aire
nucléolaire durant la maturation in vitro.
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