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Introduction

Germ cells in female embryos enter the germinal ridge, complete a series of mitotic cycles and, in
the interphase afier the last mitotic division, undergo a final phase of DNA replication (S phase)
before entering meiosis. Progression through prophase (G2 stage) is continuous until late diplotene
where meiosis is arrested. Development from a non-growing primordial oocyte in meiotic arrest to
a transcriptionally active embryo depends upon a series of critical developmental switches. The first
of these switches initiates a unique programme of growth which differs from that in somatic cells
both because it occurs in the absence of accompanying cell division and because it represents a
period of intensive synthesis and storage of macromolecules. During most of its growth the oocyte
is incapable of making the transition from prophase (G2) to metaphase (M phase). The competence
to complete this crucial G2 to M phase transition is atlained in two phases; the ability to progress
rom prophase to prometaphase occurs about the time oocyte growth is completed, while pro-
gression to M1 (the alignment of chromosomes on the first metaphase plate) is delayed until nucleo-
lar transcriptional activity is reduced. Follicle cells provide obligatory metabolic and instructional
support to the oocyte throughout the growth phase.

A second developmental switch, activated by the preovulatory LH surge, initiates a phase of
intracellular differentiation which confers on the cocyle the ability to support fertilization and early
embryonic development. During this phase of maturation changes occur in every intracellular com-
partment of the oocyte. The association between the follicle cells and oocyte is disrupted, mem-
brane transport increases and a relocation of intracellular organelles occurs. Moreover, some of the
mRNA stored during the growth phase becomes translated and the resultant proteins play a critical
role in the progression of the meiotic cycle and in regulating sperm penetration and deconden-
salion. Interactions between the follicle cells and oocyte are crucial to the initiation and completion
of this phase of differentiation or maturation.

Reorganization and utilization of products sequestered during the first two phases of oocyte
growth and differentiation occur in the mitotic cell cycles leading to the third major developmental
switch. The consequence of this mid-cleavage transitional switch is to terminate maternal control of
development and to activate the embryonic genome. Development after the mid-cleavage transition
is directed by new embryonic transcription.

The purpose of this paper is to concentrate on the intracellular changes induced by the first two
switches in pig egg development.

Programmed oocyte growth

The non-growing primordial follicle

About 99% of the entire stock of female germ cells, estimated in the pig to number approxi-
mately 200 000 per ovary (Gosden & Telfer, 1987), remain as non-growing primordial follicies.
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These are embedded in the tunica albuginea and appear to consist of two types with those closest Lo
the germinal epithelium arranged as nests of oocytes with sparse pregranulosa cell investments.
Distal to the germinal epithelium primordial follicles occur as discrete units surrounded by a uni-
laminar layer of somatic. cells (Greenwald & Moor, 1989). This information is interpreted as
suggesting that the change from clustered to isolated oocytes represents a very early event in
differentiation and is an essential preparative event for entry into the primary follicle pool.

Because of their relative inaccessibility this important non-dividing population of cells has been
poorly studied in any species and virtually not at all in pigs. Virtually nothing is known about the
synthetic activity of these cells or about the nature of the switch which converts small numbers of
primordial follicles into actively growing primary oocytes. However, with the development of enzy-
mic techniques for the isolation of viable primordial follicles from pig ovaries, new opportunities
are now being created for the siudy of these cells (Greenwald & Moor, 1989; G. Lazzari & R. M.
Moor, unpublished observations).

Preliminary results indicate that uptake and incorporation of amino acids occur at a low level in
isolated primordial follicles but is enhanced 4-fold by the presence of somatic cells associated with
the oocyte (G. Lazzari & R. M. Moor, unpublished observations). There is, as yet, however, no
evidence that the translational pattern in non-growing oocytes is affected by the associated follicle
cells. The similarities and differences between polypeptide profiles in primordial cocytes and lully
grown germinal vesicle oocytes can be seen by comparing the fluorograms presented in Figs I and
3. As expected, in both developmental states some of the same structural proteins such as actin and
tubulin are synthesized. However, specific proteins associated with primordial oocytes exist and
justify special study.

The non-growing but metabolically active primordial oocyte responds to the intraovarian
growth signal by entering an extremely aclive synthetic phase. The growth phase is unique and
differs from somatic cells in three important respects. Firstly, although the oocyte increases in
volume approximately 200-fold during growth, the entire process occurs in the complete absence of
cell division. Secondly, many of the products of transcription and translation are not utilized dur-
ing this phase of active growth but are stored instead for utilization in early embryogenesis.
Thirdly, a complex series of continuously changing interactions with the surrounding somatic
elements regulates both growth and cell cycle function in these oocytes. During the primordial
stages follicle cells surrounding the oocyte probably exert inhibitory influences on germ cell growth.
According to Thibault ef al. (1987) the inhibitory role of the follicle cells disappears when these cells
are stimulated by unknown mechanisms to enter mitosis. Thereafter, somatic support, mediated via
intercellular coupling, is crucial for oocyte growth. Results from studies in mice show that while
metabolic co-operation with somatic cells is essential, it is not itself adequate [or oocyte growth
(Eppig, 1977, 1979; Bachvarova e/ al., 1980; Herlands & Schultz, 1984). Indeed, recent co-culture
experiments suggest that mitotically activated follicle cells provide specific but undefined oocyte
growth supporting substances not provided by other cells types (Buccione er al., 1987). At an
advanced stage in the growth phase the follicle cells again become inhibitory but at this time their
action is directed towards blocking the meiotic cycle in the cocyte at prophase. A final reversal to a
facilitatory role occurs just before ovulation when the follicle cells stimulate maturational changes
within the oocyte.

The growth phase in pig oocytes extends throughout the preantral follicle stage and is not
completed until the antral follicle has reached a diameter of about 2-2mm (Motlik ef al., 1984a).
Autoradiographic and cytochemical analyses show that pig oocytes are intensely engaged in both
ribosomal (rRNA) and heterogencous (hnRNA) RNA synthesis until a late stage in growth
(Motlik er al., 1984b), Nucleolar compaction, the accompanying cessation of RNA synthesis and
the capacity to progress from the germinal vesicle (GV) to the MII phase of meiosis all occur when
the pig oocyte approaches its full size in the antral follicle (Table 1). Over 80% of oocytes of 100 um
diameter (80% of full size) remain blocked at the GV phase after 24 h in culture whereas all lully
grown oocyles have undergone germinal vesicle breakdown (GVBD) during the same period in







































