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ABSTRACT

Oocyte development in several nonmammalian species is characterized

by the synthesis of large quantities of ribonucleic acids (RNA) during

lampbrush stages of meiosis. The RNAs are stored in the oocyte and used

later, during oocyte maturation and early embryogenesis. This autoradio

graphic study examined the incorporation and persistence of RNA and

protein precursors in mouse oocytes during comparable stages of devel

opment.

Tritiated RNA and protein precursors were administered to pregnant

mice and to newborn and maturing female mice. At various time intervals

after precursor administration, ovaries from late fetuses and from new

born or juvenile mice were removed and subjected to standard autoradio

graphic procedures. At each age examined--late fetal, early postnatal

or juvenile--the radiolabelled RNA precursors were incorporated into

mouse oocytes during the meiotic prophase, most actively during late

diplotene (dictyate) stages. Precursor incorporation was also intensely

active during oocyte growth. In all postnatal stages studied, RNAase

digestible label appeared first over nucleoli and meiotic chromosomes.

In the growing oocytes, the label had become primarily cytoplasmic after

24 hours. Once incorporated, the cytoplasmic label persisted at about

the same level during subsequent oocyte growth and continuing maturation.

Label also remained at apparently undiminished levels in preimplantation

embryos (through early blastocyst stages) developing from oocytes which

had incorporated RNA precursors during their ovarian development. The

most intense incorporation of protein precursors occurred at the same

stages as those in which RNA synthesis was most active.



It is suggested that the uptake of tritiated RNA precursors by

mouse ovarian ova during meiotic prophase and oocyte growth stages is
comparable to the RNA synthesis observed during the development of

amphibian and echinoderm oocytes. It is suggested, further, that the

persistence of labelled RNA represents (in part) maternal RNA stored

for use during early embryonic development.
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INTRODUCTION

This research problem was encouraged from several sources. The

most important was a discussion group studying Gene Activity in Early

Development by Eric Davidson (1969). In these sessions we explored

the biosynthesis of informational macromolecules in maturing oocytes

utilizing the meiotic maternal chromosomes and the concept of a stable

storage of these nucleotides for use in later development. Although

most of the research reviewed utilized nonmammalian classes there were

suggestions that mammals, like echinoderms, used the same model of

biosynthesis and also were capable of cleavage without new ribonucleic

acid synthesis.

With this background these experiments were designed to observe

the utilization of RNA precursors during mammalian oogenesis and oocyte

maturation. This review will examine the current concepts of pre

packaged and stored RNA, oocyte development, and biosynthesis of RNA

in oocytes.

I. Stored Ribonucleic Acid

In many animal species to be discussed the fully mature oocyte has

most of the information necessary to sustain development through

blastula stages in the absence of additional nuclear participation

(Davidson, 1968 - see Chapter III). Comparable studies have not been

carried out in mammals, but it is reasonable to assume that the pro

cesses of oogenesis seen in lower vertebrates and invertebrates may

indeed be uniform and also be recognized in mammals (Brachet, 1971).

It may be that a large repertoire of developmental information packaged



during oogenesis occurs also in mammalian oocytes although nutrients are

available to the embryo from mother and RNA is synthesized in early

cleavage by the embryo.

Evidence from amphibians and echinoderms indicates that ribonu

cleotide synthesis is limited to discrete stages of development in the

oocyte. Ribonucleic acid (RNA) synthesized in early meiotic stages of

amphibian oogenesis is retained through the remainder of oocyte matura

tion, fertilization and early developmental stages with some indication

of localization in definitive areas of the embryo (Davidson and Hough,

1969). This ribonucleic acid synthesized at "lampbrush stages" is

distinct from RNA synthesized anew by the embryo as shown by competi

tion experiments (Hough, Yancey and Davidson, 1973). Nuclei of sea

urchin oocytes in pre-vitellogenesis are active in RNA synthesis (Gross,

Malkin and Hubbard, 1955); Davidson (1976) suggesting that most

of the informational RNA is stored rather than immediately used.

Many studies indicate that the RNA produced early in oogenesis is

used for early protein production in the embryo; e.g., early insensi

tivity in echinoderm embryos to actinomycin in early stages of develop

ment (Gross and Cousineau, 1964); absence of ribosomal RNA synthesis

prior to gastrulation in the amphibian (Woodland and Gurdon, 1968).

Speigel, Hinonobu and Tyler (1968) observed that the soluble protein

bands in sea urchin eggs were not significantly altered by fertilization

suggesting that the protein was being synthesized on the same RNA tem

plates before and after fertilization. Gorr, Gross, Skout.chi and

Ruderman (1973) have since identified oocyte messenger RNA in the sea

urchin with specific sequence characteristics of functional embryonic



histone mRNA (see Gross and Gross, 1973 for review).

Protein synthesis in the cleaving mouse egg occurs before the

normal initiation of ribosomal production by nucleoli and suggests that
ribosomes of maternal origin constituted during maturation may remain

effective after fertilization (Mintz, 1965, 1964). In addition, 50% of

protein synthesis continues in the early mouse cleavage stages follow

ing RNA synthesis inhibition with Actinomycin D suggesting that a

significant fraction is controlled by stable messengers (Monesi, et al.,

1970).

The "masked messenger" and "maternal template" theories are con

cepts in the last decade of developmental biology which have changed

ideas of early development. "Maternal template" denotes the use of

maternal meiotic chromosomes in the developing oocyte to synthesize

ribonucleic acid; "masked messenger" refers to the ability for the

synthesized RNA to remain stable within the unfertilized oocytes for

long periods of time (see Davidson, 1969 and 1976; and Gross, et al.,

1973 for reviews). This intense production of RNA in the protracted early

stages of meiosis (lampbrush stages) suggests that both temporal and

genomic amplification is necessary to accumulate materials not only for

the oocyte maturation but for early stages of embryogenesis.

Evidence of masked maternal messenger RNA is seen in both verte

brate and invertebrate species and suggests the utilization of stored

RNA through gastrula stages. Boveri (1918) and students studying hybrid

sea urchin development observed that the influence of paternal pheno

types was seen only after gastrulation (Tennant, D. H., 1914 - cited by

Davidson, 1969). This correlates with the findings of Gross, P. R. and



Cousineau, G. H. (1964) that the inhibition of RNA synthesis in the sea

urchin to gastrulation does not suppress embryonic development. A simi

lar situation is seen in mutant tadpoles (anucleolate o-nu embryos) with

the utilization of stored RNA for normal development through the swim

ming tadpole stage (Brown and Gurdon, 1964) and the utilization of

maternal ribosomes in the oocyte to translate the newly synthesized

messenger RNA (Gurdon and Ford, 1967). The mouse t-hairpin mutant also

reflects the influence of the maternal template on the developing embryo.

Only if the mutation is carried on the maternal genome is it lethal

(day 7) in the development of the embryo (Bennett, 1975). One result
of fertilization or parthenogenic activation is the unmasking of stored

RNA or the reformation of polysomal structures for early morphogenesis

(see Davidson, 1969, pages 99-101).

In contract, mammals appear developmentally precocious in the

synthesis of ribonucleotides (see Fig. 26, Appendix), although RNA

synthesis appears early in cleavage in vitro (Mintz, 1964, 1965; Monesi

and Salfi, 1967; Knowland and Graham, 1972). There are, however, indica

tions that template or stable RNA exists in the mouse oocyte. Using

determinations by Reamer (1963) and reaffirmed by Olds (1973), Sirlin

(1972) and Bachvarova (1974), suggests that the mouse egg contains one

hundred times as much RNA as a somatic cell. As noted above, inhibition

of RNA synthesis in early cleavage depresses but does not stop protein

synthesis, and it has been suggested that some of the protein synthesis

occurring in embryogenesis is controlled maternally by either masked or

stable mRNA's (see Epstein, 1975). However, all stages of mouse pre

implantation cleavage showed inhibition with both actinomycin D and



O-amanitin indicating that some embryonic synthesis of RNA is necessary

throughout all developmental stages (Golbus, et al., 1973). The blaso

cysts developing after RNA synthesis inhibition are poor in Azure B

stainable material and usually without inner cell mass (Silagi, 1963)

suggesting early differences in cell population (see also Gardner, 1972

and Mulnard, 1965). This is unlike the rabbit in which cleavage con

tinues after RNA inhibition (Manes, 1969).

II. Oocyte Development

Oogenesis, the transformation of oogonia to oocytes, can be divided

into two major categories in vertebrates. This includes those animals

in which meiotic prophase occurs at very early stages in the development

of the organism and those in which meiosis is a cyclic phenomenon

throughout the reproductive age of the female. It is now well estab

lished that oogenesis in mammalian ovaries is completed at the end of

embryonic development and the ovary has a finite stock of oocytes suf

ficient to insure the normal reproductive activity of the adult animal

(Baker, 1972; Peters, 1970). In nonmammalian organisms, e.g., insects,

amphibians, a reserve of oogonia is kept aside for the following repro

ductive season (see Franchi, 1962 for review).

The transformation of mammalian oogonia may be fetal, neonatal, or

begin in fetal stages to be completed post-gestational (Peters, 1970).

In mice, mitosis of ova precursors ends between the 15th and 16th day

of gestation and nuclei labelled with tritiated DNA during that period

of fetal life persist in the ovary to maturity of the females (Borum,

1967; Peters, Levy and Crone, 1962; Rudkin and Friesch, 1962).



The primordial germ cells are segregated early in embryonic de

velopment in all vertebrate embryos studikd (Franchi, et al., 1962),

maintaining a germ cell line from one generation to the next (Baker,

1972). They first appear in mesentodermal areas (Brambel, 1956; Mintz,

1960). These ameboid cells in the mouse (Gondos, 1971) are readily

identified by histochemical techniques (Chiquoine, 1954; Jeon and

Kennedy, 1973). As early as eight to nine days after fertilization

they are seen in the mid-hindgut migrating through the dorsal mesentary

reaching the genital ridges by the 13th day (Mintz, 1960; Spiegelman

and Bennet, 1973).

The development of the mouse ovary has been well defined by Borum

(1961). The gonad in the mouse can be distinguished as to sex by day

13 of gestation at the same time the primordial germ cells have com

pleted their migration. By day 16 some of the oocytes have begun the

lengthy process of meiosis (prophase) in some cases not to be completed

until ovulation has occurred in the mature animal. The prophase stages

of meiosis include leptotene, zygotene, pachytene and diplotene. In the

mouse some oocytes have begun pachytene by day 17 of gestation and con

tinue into diplotene stages by birth (20th day). Dictyate or late dip

lotene is characteristic of mice as well as rats and rabbits and probably

represents an extremely diffuse chromosomal phase of lampbrush chromatin

(Baker, 1967; Baker and Franchi, 1972). Miller and Bakken (1972) have

further reported isolation of mouse chromosomes in medium sized oocytes

with fibrils attached to the chromatin reminiscent of fibrils on active

lampbrush chromosomes from amphibian loops. Lampbrush chromosomes are

germ-line chromosomes highly modified for intense RNA synthesis (Sirlin,



7

1973) and observed in pachyterie and diplotene stages in every major

group of animals (Davidson, 1970).

By day four to five postnatal, all oocytes are in late diplotene

stages of prophase, and growth of oocyte and follicles is first appre

ciated. Oocytes in follicles can be classified both as to size and

stage of follicular development (Pedersen and Peters, 1968). This has

allowed calculation and prediction of development time of the oocytes

(Pedersen, 1968; see Figure l in Methods). Oocytes beginning rapid

growth phases are seen by the 6th day after birth, while oocytes in

preantral follicles are observed by the 14th postnatal day (Borum, 1961;

Pedersen, 1968). The development of oocytes and follicles beyond this

stage is dependent on pituitary (FSH) activity (Smith, 1930; Ben-or,

1963; Mauleon, 1969).

Histological studies of the ovarian oocyte as well as the granulosa

cells have shown the presence of cytoplasmic organelles usually associ

ated with cells synthesizing proteins and mucopolysaccharides and meta

bolically active (Baker, 1972). Although the fine structure of the

mouse oogonium is essentially identical to that of the germ cell (Odor

and Blandau, 1969) there is a gradual increase of cytoplasmic components

particularly after day 18 of gestation. The cytodifferentiation of the

primary oocyte is most pronounced during the early stages of oocyte

growth when there is a rapid increase in mitochondria, granular and

smooth endoplasmic reticulum, golgi, multivesicular and dense bodies

(Odor, 1971). This increase of organelles is concommitant with cyto

plasmic volume increase.

In the nuclei of the primary oocytes there are often two or three

small irregularly shaped nucleoli. With growth some of the larger



nucleoli appear as single large structures composed of numerous branch

ing strands of fine granules and thin fibrils (Odor, 1971). Historically

the nucleoli have been associated with the rapid growth phases of oocytes.

Wilson, as early as 1903, suggested that nucleolar function was nowhere

more highly developed than in the growing oocytes of animals and it ap

peared that their only function was synthesis and storage of develop

mental information (see also Hay, 1970, for review). However, the mouse

oocyte has a normal complement of two definitive nucleoli (Hillman and

Tasca, 1969) unlike amphibian oocytes which contain multiple free

nucleoli (Callen, 1966), which probably represent amplification of ribo

somal DNA during the periods of intense ribosome synthesis (Sirlin, 1972).

In addition to chromatin and nucleoli as sites of RNA synthesis

several structures have been identified histologically as associated

with ribonucleic protein (RNP). Fibrillar structures have been observed

in the cytoplasm of many mammalian ova containing RNA and labelled with

RNA precursors (Weakley, 1971). Although some variability in the struc

tures may be attributed to fixation techniques (Weakley, 1968), the

organelles are first observed in oocytes with two or three layers of

follicular cells remaining within the oocyte through maturity. DNAase

has no effect on these lattice-like cytoplasmic structures which are

readily destroyed with either trypsin or RNAase (Weakley, 1968). Simi

lar structures have also been noted by Burkholder (1971) who suggested

that they represented a highly ordered aggregate of ribosomes. These

structures are first observed in the rapidly growing follicular oocytes,

and are thought to contain 28S and 18S RNA (Bachvarova, 1974). It is

thought on the basis of sucrose gradient analysis and autoradiography

that this RNA is synthesized during the period of oocyte growth one to



three weeks before ovulation (Jahn, et al., 1976).

III. Macromolecular Synthesis in Development

During the development of both the amphibian and echinoderm

oocytes a general pattern of macromolecular synthesis has been observed.

Two of the major products of this intense production are messenger RNA

associated with lampbrush chromosome activity and ribosomal RNA associ

ated with nucleoli activity. A general pattern of biosynthesis has been

observed in both of these animals with increased RNA synthesis beginning

in pachytene phases which coincides with the onset of rapid oocyte growth

stages. In general synthesis of DNA-like RNA precedes synthesis of ribo

somal RNA followed by terminal stages of maturation. A renewed synthesis

of messenger RNA is again observed in the preovulatory oocyte (see

reviews Markert and Ursprung, 1971; Bloom, et al., 1972). In the pre

ovulatory mouse oocyte new RNA is synthesized before germinal vesicle

breakdown (Wasserman, et al., 1976) and a different protein pattern is

detected at this time using 2-dimensional electrophoresis gels (Schultz,

et al., 1977). Similar changes in protein patterns is seen also in por

cine oocytes after germinal vesicle breakdown (McGaughey, et al., 1977);

these changes could result from synthesis on new template RNA. Alterna

tively, they may represent a differential activation of performed mes

senger RNA.

Messenger RNA--also called mRNA, template RNA, informational RNA

and DNA-like RNA--conveys the genetic information to the translational

apparatus of the cell (Sirlin, 1972). Most mRNA in eukaryotic cells is

associated with nonribosomal proteins either during transport to cyto

plasm or possible stabilization (Sirlin, 1972). The synthesis of mRNA
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coincides with extension of chromosomal loops ending in amphibian oocyte

development with the retraction of these loops at the end of the lamp

brush stage (stage 5) (Davidson, 1976; LaMarca, 1973; Ca-lan, 1963;

Gall, 1962, 1968). During this synthesis the labelled RNA may remain

adjacent to the chromosomal loops for two weeks (triturus) (Davidson,

1968). This same maternally labelled RNA (Engystomops - Amphibian) has

been observed in embryos through the tadpole stage (48 hour post

fertilization) (Hough, et al., 1973).

The stability of the informational RNA can be a function either of

masking, e.g., proteins, or the secondary structure of the molecule

(Kafatos, 1972). Cell differentiation-specific RNAs belong to a class

of very stable messengers (Kafatos, 1972; Dixon, 1972), including stable

templates for the insect enzyme (cocoonase) specific to differentiated

tissue (Dixon, 1972), and lens crystalins (Stewart and Papaconstantinou,

1967) (see Kafatos, 1972 for review).

During the lampbrush stages of the amphibian egg it is estimated

that 90% of the genome is repressed and 1% of the total RNA synthesized

(information RNA only) has been transcribed from approximately 3% of the

DNA (Ford, 1972; Davidson, 1976). At the time of transcription probably

25-35% of the RNA synthesized is required to direct ongoing protein

synthesis during oocyte growth while the remainder is still present in

stored RNAs in the terminal oocyte (Davidson, 1976).

Another characteristic of RNA synthesis unique to oocyte matura

tion is the amplification of ribosomal DNA during oocyte maturation so

that each amphibian oocyte nucleus contains approximately two million

ribosomal gene sets (Brown and Dawid, 1968; Gall, 1968). The synthesis

of rRNA appears to be extended over a longer period of time continuing



ll

beyond the retraction of lampbrush chromosomal loops (Davidson, 1968;

La Marca, 1973).

The nucleolar organizers replicate and form a distinctive "cap"

visible in light microscopy at late pachytene in Xenopus (Brachet and

Ficq, 1965; Ficq, 1968). The excessive extra chromosomal DNA found in

amphibians is associated with the multiple nucleoli and is complementary

only to 18 and 28S RNA (Ford, 1972). Such amplification is not seen in

echinoderms with only one nucleolus (Vincent, et al., 1969) nor has it

been observed in mammalian oocyte maturation (Olds, 1973).

Most ribosomal RNA is cytoplasmic and associated with both endo

plasmic reticulum and specific proteins. Ribosomes consist of at least

half protein (Sirlin, 1972). Informosomes and oligosomes are terms for

nonfunctional storage forms of mRNA with proteins which were first

observed in fish oocyte maturation (Spirin, 1969). The size or sedi

mentation of these bodies varies with the size of the DNA-like RNA

associated with it (Sirlin, 1972).

Both of these RNA species are produced in great amounts during the

time the oocyte is growing most rapidly in early stages of development

with the storage of the majority for embryogenic use. There is some

indication this template and translation material in the mature oocyte

programs not only kinds of proteins but amounts of each protein during

cleavage in the frog (Malacinski, 1972), providing both quantitative

and qualitative control.

Previous studies have been primarily with amphibians and echino

derms and the nature of RNA synthesis; storage and utilization seen in

mammalian oocyte maturation and early embryogenesis has been unclear.
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Graham (1973) suggests that nucleic acid synthesis during early mam

malian development is clearly different from patterns seen in amphibian

and echinoderm embryos and proposes that the comparatively slow cleavage

of mouse oocytes is dependent on a continuing supply of energy from

maternal environment. However, the fundamental control mechanisms in

amphibian and sea urchins are thought to be paralleled in comparable

mammalian stages (Brachet, 1971).

Both protein and RNA synthesis have been observed in the mammalian

ovarian oocyte previously thought to be quiescent. Maximum incorpora

tion in the adult mouse ovary is observed in follicular stages associated

with intense growth (preantral stages), diminishing in later maturation

stages (Moore, et al., 1974; Oakberg, 1967, 1968). The label is associ

ated with both chromatin and nucleoli with persistance of label in the

cytoplasm (Oakberg, 1967). This incorporation is seen in dictyate stages

in which the mouse oocyte genome appears structurally similar to the

amphibian lampbrush chromosomes (Miller and Bakken, 1972); this also is

a stage in which extensive cytoplasmic ribosomal-like lattices have been

reported (Burkholder, 1971). On the basis of polyacrylamide electro

phoresis, these unusual ribosomes are thought to contain both 28S and

18S RNA (Bachvarova, 1974). Further analysis of uridine or adenosine

labelled ribosomes in the newly ovulated mouse oocytes led Bachvarova,

et al. (1977) to estimate that 20–25% of them were associated with poly

somes; the majority of the ribosomes, therefore, may remain in a stored

form for use during embryonic development. The proportion of inactive

and active ribosomes appeared to be the same whether the oocytes were

labelled in early or late growth phases.
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Neonatal mouse ovaries have not been studied but precursor utili

zation has been observed in neonatal hamsters and rats (Weakley, 1971;

Baker, et al., 1969). The label was associated with both nucleoli and

chromatin, especially with chromosomal cores of condensed fibrillar

material thought to represent part of lateral complexes of lampbrush

type chromosomes (Baker, et al., 1969).

Although two cell mouse eggs may use their reserves for limited

development, they still require exogenous supplies for cleavage (Mintz,

1964; Monesi and Salfi, 1967). In addition the utilization of exogenous

precursors is limited both in vivo and in vitro by transport systems

(Epstein and Daentl, 1972). Patterns of protein synthesis during early

cleavage (Epstein and Smith, 1973) may suggest synthesis in this period

determined by preexisting maternal messenger partitioned out to cells.

All major protein changes in the mouse embryo occur between fertiliza

tion and the 4 to 8 cell stages and are essentially identical in partheno

genic embryos (Van Blerkom and Manes, 1974).

RNA synthesis can be demonstrated in the mouse embryo as early as

two cells (Woodland and Graham, 1969) but significant increases in RNA

are not observed until after the eight cell stages (Olds, et al., 1973;

Reamer, 1964; Bachvarova, 1974). Using both the rates of incorporation

of H*-uridine and an enzymatic essay of specific activity in the pre

cursor pool, an increase in RNA synthesis of approximately 50 fold per

embryo and four fold per cell was measured between one cell and blasto

cyst stages (Clegg and Piko, 1977). These patterns of RNA synthesis are

similar to those observed in the rabbit embryos with increases after the

16 cell stages (Manes, 1969). . The rabbit egg proceeds through cleavage
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and blastocyst formation on its own endogenous developmental program

(Van Blerkom, 1974A). In addition, as noted, inhibition of RNA synthe

sis in the mouse ovum (although accompanied by 90% decreased RNA accu

mulation) is associated with only a 50% decrease in protein precursor

utilization (Monesi, et al., 1970). In addition this would suggest that

the mammalian preimplantation embryo is also dependent on a prepackaged

transcription mechanism within the oocyte.

In addition to the role of RNA in protein synthesis both during

oocyte maturation as well as embryogenesis, species of RNA have been

postulated in various hypotheses as regulatory molecules for cellular

differentiation. Normal development is controlled in part by sequential

selective gene activation and repression (Markert and Ursprung, 1971)

and it is possible that molecules from the cytoplasm are responsible for

selective activation of genes. Nucleic acids possess adequate informa

tional content to fulfill this role (Gross, 1973; Markert and Ursprung,

1971). Gross (1973) suggests that messenger RNA is the molecule with

the ability to control differentiation with its assymetrical distribution

within the embryo.

Certain species of RNA possess the ability to select specific por

tions of the genome for depression by specific base sequence recognition

releasing template for messenger RNA synthesis (Frenster, 1973; Jelinek,

1972). Both Georgiev (1969) and Britten and Davidson (1969) postulate

model systems utilizing regulatory ribonucleic acids responsive to both

internal and external stimuli.

The investigations reported here studied neonatal and immature

mouse oocytes from late fetal, newborn, immature and juvenile mice during

stages of oocyte maturation comparable to the lampbrush stages of
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amphibians and echinoderms. We sought to determine whether these meiotic

stages in the mammal also are characterized by the synthesis of large

quantities of RNA. In addition, we desired to know whether the RNA label.

persisted throughout maturation and preimplantation stages of development

or whether it showed signs of degradation and elimination.

It is our assumption that evolution is a conservative process and

that mammalian development has not departed radically from patterns suc

cessful in other vertebrate and invertebrate forms. Our findings tend

to support that assumption for we show substantial uptake of RNA pre

cursor by oocytes at particular maturation and growth stages and the

persistence of labelled RNA through subsequent oocyte and preimplantation

development. These findings are consistent with data from other labora

tories. As detailed above, these report the presence of large amounts

of RNA in ovarian and ovulated mouse oocytes, give histochemical and

ultrastructural evidence for ribonucleoprotein in the nucleus and cyto

plasm of the ovum, and make biochemical identification of ribosomes of

maternal origin in the oocyte. Also demonstrated are large increases in

protein synthesis which occur early in cleavage without a preceding or

proportionate increase in RNA synthesis. Such data combine to support

the hypothesis that a stable maternal RNA is stored during mouse oocyte

growth.

Our study was intended to contribute a modicum of additional support

for the storage hypothesis or to find data which would allow the hypothe

sis to be challenged.
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MATERIALS AND METHODS

The uptake and persistance of RNA precursors in mouse ovarian

oocytes, both pre and postnatal, was examined by injection of tritiated

cytidine or uridine intraperitoneally into pregnant females or into

neonatal, juvenile or adult mice. Both qualitative and quantitative

evaluation of the site and persistence of the radiolabel was studied

autoradiographically.

Animals

Eight week old virgin C3H female mice (Jackson Laboratories) were

bred with Cal A strain fertile males. The random bred, albino Cal A

strain was derived from the A/crg1/2 strain. The mouse colony was on a

reversed light (15 hour - 1jight, 9 hour – dark) schedule).

Ovulation was induced hormonally using standard techniques (Lin

and Glass, 1962: PMS [Equinex – Ayerst Laboratory Inc. )) 3 – 4 IU 72

hours prior to desired time of ovulation and HCG (A.P.L. - Ayerst)

3 - 4 IU 12 hours prior to desired time of ovulation. Females were

placed with males at the expected time of ovulation and successful mating

confirmed with vaginal plugs. The day of mating was designated as Day 0

and used as reference time for calculation of all mice ages. The

average gestation time was 20 days.

Females were killed by cervical dislocation. In very young mice,

the abdominal wall was opened and Carnoy's II fixative was introduced

into the abdominal cavity to facilitate dissection. Ovaries and, in

some experiments, oviducts were removed, washed in isotonic saline and

put into fresh fixative for twenty to ninety minutes depending on the

size of the tissue.
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Histological Techniques

Standard histological techniques included embedding in either low

temperature Tissue mat (50 - 53 m.p.) or Tissue tek and serial section

ing at 5 - 6 micra.

Isotopes

All tritiated protein and rib unucleic acid precursors used were

obtained from New England Nuclear Co. These included cytidine-Hº
(Specific activity 5c/mN■ ); uridine-Hº (Specific activity 2c/mM);

uridine-5-Hº (Specific activity 20c/mM); and L-lysine 4-5-H' (Specific

activity 26.8c/mM).

The amount of isotope varied with the age of animals and experi

ment. Intraperitoneal injections were used as Baserga and Malamud (1969)

observed more efficient utilization of tritiated components following

intraperitoneal rather than either intravenous or subcutaneous injection

routes .

Injection amounts of 1.0 ml were generally used; smaller doses

(0.04 ml) were used with animals 3 grams or less (younger than day 6).

All injections were made at the same time of day. If animals were to

receive more than 20 microcuries of cytidine or uridine and maintained

to maturity the dose was divided into two or four injections as noted

in the experiment.

Autoradiographic Techniques

For complete description of techniques of both autoradiography and

digestions see Appendix. All slides used were pretreated with chrome

alum prior to placement of carnoy-fixed tissue sections. The slides
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were coated with either NTB2 or NTB3 Kodak emulsion and stored in dehum

idified 1ightproof boxes at 4°C. D19 was used for development of speci

men followed by staining usually with hematoxylin and eosin.

Routine controls for the autoradiographic technique were added

to each experiment. These included blank slides with emulsion only,

and light exposed slides to ensure the quality of the photographic

emulsion. In addition, sections of ovary from uninjected littermates

and sections from known labelled tissue, e.g., pancreas, were included

in each experiment.

Controls for molecular specificity were made on tissue samples

from all experiments with either ribonuclease, deoxyribonuclease, or

perchloric acid.

DNA. Tissue sections were incubated 12 hours in .05 mg/ml DNAase

(Worthington Biochemical Corporation - DNAase II) in tris magnesium sul

fate. Control tissues were incubated in tris alone. Following incuba

tion at 37°C tissues were washed and rinsed prior to air drying and

autoradiographic treatment (Amano, 1965).

RNA. RNA was removed with either ribonuclease or perchloric acid

treatment. Ribonuclease A (5 times crystallized, protease free, Sigma

Chemical Company) was used and tissues were incubated in a solution of

1 mg/ml RNAase in distilled, deionized water at a pH of 6.8 at 39–40°C

for hours. Following this procedure the slides were treated as pre

viously described.

Routine digestions of RNA were carried out with cold perchloric

acid (Busch and Smetana, 1970). Tissues were incubated for 12 hours at

4°C in 10% perchloric acid solution in distilled, deionized water.
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Control slides were held in cold water for the same period. Tissues

were neutralized in Na2CO3 (1%) for 5 minutes and washed in tap water

for two hours prior to standard autoradiographic treatment. This re

agent has been shown to extract RNA from tissue without removal or

significant depolymerization of DNA (Aldridge and Watson, 1963).

Results identical to those obtained with RNAase have been observed by

Sulkin and Kuntz (1950).

Autoradiographic Grain Counts

Oocytes were classified into stages on the basis of follicular

development using the categories of Pederson and Peters (1968). Stage

l: small oocyte with no follicle cells attached to surface; stage 2:

small oocyte with few cells attached to its cell surface but without a

complete ring of cells; stage 3A; complete ring of follicle cells sur

rounding the oocyte; stage 3B: complete ring of follicle cells with

more than 21 cells on largest cross section and with increased cytoplasm;

stage 4: two layers of follicle cells surrounding the oocyte; stage 5A:

three layers of follicle cells; stage 5B : fully grown oocyte with many

layers of follicle cells and no antrium; stage 6: large oocyte with

separation of follicle cells and scattered areas of fluid; stage 7:

follicle with single cavity containing follicular fluid; and stage 8:

preovulatory follicle with well formed cumulus stalk. (Figure 1) In

this study, it was rarely possible to distinguish between stages 1 and 2.

Autoradiography is a qualitative tool which can indicate precursor

utilization and anatomic localization. Grain counts were done to com

pare within the same injected groups and ages the utilization of precur

sors by oocytes of different stages. Numerous safeguards were included
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Figure 1. Classification of follicles.
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to standardize the data and reduce the effect of oocyte sizes. The

number of grains over the total nucleolus, nucleoplasm and cytoplasm

were counted using only the largest cross section of normal appearing

oocytes which also included a nucleolus (see also Oakberg, 1968; Moore,

et al., 1974).

All grain counts were made after adjacent tissue was judged back

ground free (2 or less grains per standard square mm grid); ten or more

oocytes in each follicular stage were counted unless staged in the

report of data.

Several standardizing methods were used in addition. Oocytes

with 5 or more grains were scored positive (+) in some experiments.

Nuclear grain counts and ratios of nuclear to cytoplasmic grain counts

were used to offset the increase in cytoplasmic size between oocyte

stages (see also Appleton, Pelc and Tarbit, 1969).

Experimental Procedures

The series of autoradiographic studies to be described were plan

ned to answer the following questions: Do mouse oocytes synthesize

ribonucleic acid as indicated by precursor incorporation? At what

stages of oocyte maturation are the precursors incorporated? Are pre

cursors localized consistently within the oocyte at different stages?

Does radiolabel persist in the oocytes during maturation, ovulation and

cleavage?

The protocol of the individual experiments will be described in

sequence immediately preceding the results. The series includes:

1. Incorporation of RNA precursors by fetal ovaries.

2. Incorporation and retention of RNA precursors by neonatal and
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3.

juvenile ovaries.

Incorporation of RNA precursors by mature ovaries.

Incorporation of protein precursors by neonatal and juvenile

ovaries.
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RESULTS

The results to be presented indicate that mouse oocytes actively
incorporate RNA precursors in the late fetal, neonatal and juvenile

stages during the periods of early prophase. Precursor incorporation

is maximum in oocytes during the active growth phases associated with

increase in cytoplasm. In all postnatal stages studied, label appeared

first over nucleoli and meiotic chromosomes and by 24 hours the label

was primarily cytoplasmic in the growing oocyte. Label persisted in

maturing ovarian oocytes and preimplantation stage embryos, even to

early blastocyst stages.

Incorporation of protein precursor was also observed in all stages

of oocyte development after day 3 with increased label over nucleoli

and ooplasm in growing oocytes.

Ovarian Morphology

The structure of the ovary and the maturation of the oocytes and

follicles in the hybrid species of mice used was essentially the same

as described by Odor (1969 a and b) and Peters (1969). It is, however,

characteristic in this strain to see a cap of stage 1 - 2 follicles

(appearing on the superior bursal surface of the ovary) which remain

present through day 6 (see Ovary Day 6 - Figure 8).

Although oogonia are recognized by day 15 of gestation, oocytes in

diplotene stages of prophase--stages first associated with lampbrush

chromosomes--are not observed until after day 18. Typical nucleoli are

not observed prior to birth or before the oocyte is surrounded by sev

eral follicular cells and they assume a typical round shape in the
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stages of oocyte growth which are also associated with increased RNA

precursor uptake. The nucleoli become eosinophilic and vacuolated in

later stages.

Series 1. Uridine-Hº incorporation by oocytes of fetal mice.

In these experiments ten pregnant females received a single intra

peritoneal injection of 250 microcuries of uridine-Hº between the 16th

and 19th day of pregnancy. Fetuses or young resulting from these preg

nancies were killed on day of birth (day 0) or at day 3 or at eight

weeks after birth. Ovaries of the pregnant females were also examined

4, 5 or 30 days post-injection.

Label was observed to be light over the oocytes of young whose

mother was injected prior to the 19th day of pregnancy. The label of

the oocytes in litters whose mother was injected on day 19 was primarily

cytoplasmic 24 and 96 hours post-injection (see Figure 2). A greater

amount of label appeared to be present over oocytes of more advanced

maturation stages in the medulla of the fetal ovary although this was

difficult to quantitate because of the size of the oocytes. Labelled

littermates allowed to mature for 8 weeks developed normally and very

little label was visualized over their ovarian oocytes at that time.

Similarly labelled littermates were mated successfully.

Series 2a. RNA precursor incorporation by oocytes of neonatal and

juvenile mice.

One hundred and five young mice at the day of birth (day 0) or at

day 3, 6, 10 or 14 days after birth received a single intraperitoneal

injection of 10 microcuries of cytidine-Hº Or uridine-Hº. These animals
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Figure 2. Neonatal mouse ovary, mother injected on gestation day 19
with uridine-H%. 96 hours post injection - day 3 neonatal
ovary. Note cytoplasmic label.
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were killed 5, 15 or 20 minutes or 1, 2, or 24 hours post-injection

(Table I). Thirty-eight more animals received intraperitoneal injec

tions of either 20 or 40 microcuries cytidine-Hº Or uridine-5-Hº on the

same days (Tables II and III). These animals were killed at 2 or 24

hours post-injection. An additional 3 fetuses were removed from their

mother and injected on gestation day 19. Twenty-four littermate con

trols received no injections but were treated identically and one

killed with each age group of animals.

Increased utilization of RNA precursors in the stages of maximum

growth (stages 3b to 5a, see Tables II and III) gave further evidence

of the high synthetic activity of neonatal and juvenile oocytes. Uptake

of greater than 5 grains per nucleus by oocytes in growth stages was

noted by 30 minutes post-injection in mice injected day 3 and 6 and 15

minutes in animals on day 10 and 14 (Table IV). No label was noted

over the degenerating primary oocytes. Maximum incorporation in the

nucleus was observed at 2 hours and in the cytoplasm by 24 hours in

oocytes in the growth stages with a sharp increase in label with transit

into growth stages. These differences between oocytes of different

follicle types became more evident by day 6 when more oocytes were com

mencing the growth phases of maturation. When incorporation of tritia

ted RNA precursor over mouse oocyte nuclei is plotted with the size of

nuclei in both 10 day and 14 day old mice, the increase of label at the

onset of growth phase and diminution of label at the end of this phase

can be appreciated (see Figs. 3 and 4) and reinforces the observation

that the amount of incorporated precursor decreases at the end of the

growth stages. The same pattern of incorporation is seen at all ages

after 6 days (Fig. 3 – 10 days; Fig. 4 - 14 days).



Table I

RNA Precursor Incorporation by Oocytes of Neonatal Mice

*:k:k

Number of animals injected each day

Killed Post-natal day
Post-injection Day 19

gestation 0 3 6 10 14

Minutes: 5 2 2 2 2 2 2

15 2 2 l 2 2

30 l 6 6 6 6

60 2 2 2 3

120 l 3 5 4 3

24 hours 6 7 7 6 7

*:k
Control
animals l 2 3 2 2 3

*
Animals injected IP with 10 microcuries of cytidine-Hº Or uridine-Hº

++
Non-injected littermates

*:::::A;
38 additional animals injected with 20 and 40 microcuries uridine-Hº
days 1 - 14.
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Table II

cytidine-Hº Incorporation Over Nucleus of Neonatal Mice

Mean grain number 2 hours post-injection

Follicle stage:

Postnatal day
injection** 2 3a 3b 4 5a 5b 6%

3 + 2+ 4+

6 + 3+ 6+

10 + + 3+ 4+ 2+

14 + + 2+ 4+ 3+ 2+ 2+

*
Follicle stage defined in text.

++
Injected IP at day after birth; day of birth = 0; 0 - 5 grains = +;
6 = 10 = 2+; each additional + = 5 grains.
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Table III

Ratios of Nuclear to Cytoplasmic Label
24 Hours Post-injection With RNA Precursors?

*:::::
Follicle Stage

Postnatal day
injection** l 2 3a 3b 4. 5a 5b

O 80% 45%

l 73% 44% 21%

2 83% 27% 39%

3
-

80% 36% 21%

6
-

78% 37% 15% 4%

10
-

82% 40% 6% 7% 14%

14
-

85% 39% 16%. 10% 14% 20%

*

Injections day 0 - 2 with uridine-5-H', all others cytidine-Hº.
*::::

Injected IP at day of birth; day of birth = 0.
*:k:k

Follicle stage defined in text.
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Table IV

Incorporation of cytidine-Hº in Neonatal Mouse
Oocytes in Thirty Minute Period Post-injection*

Day of Injection

Time killed
post-injection O 3 6 10 14

5 minutes
- - -

+/- +/–

15 minutes +/- +/– + +

30 minutes + + + + +

*
Grains-counts over nuclei and nucleoli.

+ = majority of oocytes labelled with 5 or more grains.

+/- = less than majority of oocytes labelled with 5 or more grains.
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Figure 3. cytidine-Hº incorporation over 10 day mouse oocyte
nuclei two hours post injection with 20 microcuries
cytidine-Hº IP. Note comparison to nuclear size.
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Both the nucleoli and the chromosomes were labelled although in

stages prior to rapid size increase; e.g., stage 2, the label appeared

to be primarily chromosomal. Nucleolar size, however, made this a dif

ficult evaluation. Radiolabel over oocytes in follicular stages pre

ceding their growth stage in both the neonatal and juvenile mice ap

appeared to be retained on the chromosomes at 24 hours post-injection

unlike more advanced stages.

Oocytes present in the "cap" (Fig. 8) of the ovary appeared to

be generally more heavily labelled than comparable stage 2 oocytes dis

tributed throughout the rest of the ovary. However, there was no indi

cation of localization or increased label regionally or adjacent to

blood vessels. Figures 5 to 15 illustrate RNA precursor label at various

ages and stages as noted.

Series 2b. cytidine-Hº incorporation by oocytes of 6 day old mice.

Since incorporation of RNA precursors had been noted to be very

pronounced on day 6 of the neonatal mouse, a series of 10 mice were

injected with 20 microcuries of cytidine and were sacrificed at 2, 6,

12, 18 or 24 hours post-injection to determine whether there were dif

ferences in pattern of grains in ovarian oocytes over this time sequence.

It has been already noted that within thirty minutes post

injection in the 6 day old mouse, RNAase digestible silver grains were

seen over basophilic nucleoli and chromatin. That observation was con

firmed in this series of mice; in addition, a shift of label to the

cytoplasm over the 24 hour period was seen.

Two hours post-injection 89% of label was over nucleus, chromatin

and nucleolus, and 11% in cytoplasm (see Fig. 15). Six hours following



32

20 w I

15 |-

1 Ø + 30

`a
-

- 20

+ 10

0 1 1 l l —1 1 1 Ø

2 3 FA 3B 4 SR 5B 6

FOLLICLE STAGE

Figure 4. cytidine-Hº incorporation over 14 day mouse oocyte
nuclei two hours post injection (20 microcuries IP).
Note comparison to nuclear size.
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Figure 5. Oocytes from mouse ovary injected with 10 microcuries
uridine-Hº on day of birth and killed 24 hours later.
a. 24 hours post injection.
b. RNAse digestion of a.



34

ted day 3 postnatal with 20 micro
and killed 2 hours later.

£O•r-+4-0
O«jqx^nc_)•r-)■ r:•++pr:lt}-{+ggv5.§g■■

:3ºr+

$$,-OQ)
E>

OU-O■ -■OQ.

u■ -■

CO>È$º;E–>±•OOUOÙ

Figure 6.



35

Figure 7. Ovary from mouse injected day 3 postnatal with 20 micro
curies of cytidine-Hº and killed 24 hours later.
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Note the 'cap' of smaller
oocytes at the arrow characteristic of this strain of mice
Ovary from mouse 6 days old.

at this age.

Figure 8.
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Figure 9. Ovary from mouse 6 days old taken two hours post injectionwith 10 microcuries of uridine-Hº. Note heavy nucleolar
label.
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Figure 10. Ovary from mouse 6 days old - two hours post injection
with 10 microcuries of uridine-H . Note label associated
with chromatin.



Figure 11. Ovary from mouse 6 days old - two hours post injection
with 10 microcuries of uridine-H
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Figure 12. Ovary from mouse 10
injection cytidineº old - two hours after

Low power cross section.
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Figure 13. Ovary from mouse 10 days old - two hours after
injection with 20 microcuries cytidine-H%.
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Figure 14. Ovary from mouse 14 days old - two hours Apost
injection with 20 microcuries cytidine-Hº.
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injection label was dispersed over cytoplasmic areas and by 24 hours

73% of the label was cytoplasmic and 27% nuclear. (Figure. 15)

Series 2c. Retention of cytidine-Hº by oocytes of neonatal and

juvenile mice.

Part 1.

The following series of experiments were designed to determine

the optimum age and dosage of isotope as well as route of injection of

RNA precursors. Three sequential experiments will be described.

In the first series, 32 mice received 10, 20 or 40 microcuries

of cytidine-Hº intraperitoneally or subcutaneously o, 3, 6, 10, 14 or

21 days after birth. Forty microcurie doses were given in two injec

tions, 8 hours apart. Animals were killed on day 14 or at 8 weeks;

two additional animals injected on days 14 and 21 were killed 30 min

utes post-injection. Sample sections of both ovary and oviductal

ampulla were examined. Approximately twice the amount of label was

observed in animals injected intraperitoneally rather than subcutan

eously, with the number of silver grains present increasing the amount

of precursor injected into the animal.

Very few grains were observed in ovarian oocytes or surrounding

tissue at 8 weeks (injected 5 - 8 weeks earlier). However, the ovulated

eggs of these animals injected day 6, 14 and 21 were lightly labelled

with five or more grains.

Signs of radiosensitivity to isotope were observed in mice in

jected neonatally. The ovaries of mice injected day 0 and 3 were

grossly hypoplastic with rings, follicular disarray and decreased numbers

of primary oocytes observed microscopically. In addition the animals



45

failed to plug with mating (2 animals; 10 and 20 mc.). Signs of radi

ation damage were not seen in animals injected either in late gestation

or after day 3.

Part 2.

Unequivocal retention of label to maturity had not been shown in

the previous experiments (Part 1) therefore 4 additional animals were

injected as described in Table V to determine whether other methods

would better show the retention of label in mature oocytes and embryos

prior to implantation. Ovulation was induced at 4 weeks of age by

harmone injections (PMS and HCG) and all four experimental animals and

their uninjected control littermates were killed 6 hours postovulation.

Sample sections of both ovary and oviductal ampulla were examined.

The administration of increased doses of RNA precursors, in either

divided or single doses, to neonatal and juvenile mice with superovula

tion at 4 weeks resulted in clear demonstration of radiolabel in ovula

ted oocytes and post-antral follicle oocytes. (Figures 16–18) The

largest number of silver grains were seen in ovulated oocytes from

mice injected on day 6 after birth (Table VI), although this animal

was given a single rather than divided dose of 40 microcuries and the

duration between time of injection and sacrifice was longer than with

the other animals.

Approximately the same amount of radiolabel was seen in late

follicular stages as in the ovulated oocytes except in animals injected

after day 10; in these less label was noted in ovulated oocytes than in

the immediate post-antral stages of animals. The only label observed

in the mouse injected day 20 was over ovarian oocytes in post-antral

stages.
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Table W

cytidine-Hº Retention by Oocytes of
Neonatal and Juvenile Mice%3%

Animal Age at
# of Injection**

Animal Total Dose? Injections Day of Injection

l 40 uc l 6

2 40 uc 4 10, 11, 12, & 13

3 40 uc 4 13, 15, 17, & 19

4 10 uc l 20

*

0.1 ml cytidine-Hº injected intraperitoneally, 10 uc per injection.
*:k

Day 0 = day of birth.
*:k:k

Killed 4 weeks after birth (day 28).
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Table VI

cytidine-Hº Retention by Oocytes of
Neonatal and Juvenile Mice”

Mean grain number over ovarian
oocytes.”

Animal # Ovulated Grain No. 4 5a 5b 6 7
Oocytes Over Ovulated

Oocytes

l 17 5+
-

- 4+ 9+ 4 +

2 21 5+
- + 4+ 4+ —

3 10 3+ 2+ 2+ 3+ 7+ 7+

4 0
- - -

2+ 2+

*
-

See Table V for description of animals.
*::::

Counts made over 5 or more oocytes in each follicular stage.
All stages smaller than stage 4 were unlabelled.

— less than 5 grains; 0 – 5 = +; 6 - 10 = 2+; each plus = 5 grains.



48

Figure 16. Ovarian oocyte from 4 week old mouse injected with
40 microcuries cytidine-Hº day 6 neonatal. Same
animal as Figures 17 and 18.
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Figure 17. Ampullary oocyte from mouse injected with 40 microcuries
cytidine–H3 day 6 neonatal. Low power.
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The silver grains over both ampullary or follicular oocytes were

in the cytoplasm but not localized or oriented close to either mem

branes or polar bodies. Degenerative changes were observed only in

two ampullary oocytes injected day 13-20.

Series 2d. Retention of radiolabel by oocytes of juvenile and mature

mice.

Ten animals were injected with 20 or 40 microcuries of cytidine-Hº
for evaluation of utilization of precursor by mice at juvenile stages

(14 days post-injection) and 13 animals were injected with 40 micro

curies for evaluation at maturity (4 weeks post injection) as indicated

by the results of previous experiments. Injections were made on day 3,

6, 10 or 14. Doses of 40 microcuries were given in two equally divided

amounts eight hours apart. Mature animals between 4 and 5 weeks of age

were killed following described hormonal inducement, ovulation and

mating and prior to the implantation of their embryos. The animals

injected day 6 were killed at daily intervals from 4 hours post

ovulation through 65 hours (blastocyst stage). All others were sacri

ficed day 0 (see Table VIII).

Radiolabel was readily detected in all juvenile and adult mice

injected at earlier neonatal stages. In the animals injected days 3

through 14, two weeks prior to sacrifice, little or no label was present

over the ovarian oocytes in stages prior to 3b; an increase was noted

in cytoplasmic label between stages 5b - 6 (see Table VII and Figs. 18–19).

No localization of the label within the cytoplasm of each stage was

noted. Nuclei and nucleoli were generally unlabelled except in occa

sional degenerating oocytes. Counts over oocytes with degenerative
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Table VII

Mean Grain Number of Oocytes 14 Days
Post-Injection Cytidine–H3%

Follicle Stage”

Postnatal day
injection** 2 3a 3b 4 5a 5b 6 7 8

3 + + + 2+ 3+ 3+ 8+ 8+ 6+

6 + + + 2+ 3 + 4+ 6+ 5+ 6+

10 + 2+ 2+ 4+ 6+ 12+ 9+ 9+ -

14 + + - -
6+ 10+ 9+ 11+

-

*
Mean grain number per oocyte over 10 or more oocytes in each
follicle stage; 0 – 5 = +; 6 – 10 = 2+; + = 5 grains.

*:::
Injected IP at day after birth; day of birth = 0.

#:k:k
Follicle stage defined in text.

- less than 10 of this stage present.
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Table VIII

Mean Grain Number Over Oocytes and Embryos of 4 Week Old Mice
Injected With Cytidine-H3 Postnatally.”

*::::::
Postnatal day Follicle Type Embryos # Embryos
Injection** Day 0 Per Oviduct

5b 6 7 8 Day 0

3 2+ + + (11+) 2+ 8

6 2+ 4+ 6+ ( 5+) 3+k++ k 7

10 + 2+ 4+ 4+ 2+ 9

14 2+ 5+ 6+ 6+ 4+ 6

*
See text for description. Mean counts over 10 or more of each
follicle stage or embryo.

( ) Less than 10 of this stage present.
*:::

Day of birth - day 0.
***

Follicle stage defined in text.
*:::::::A;

Includes day 0 through 3 embryos of animals injected day 6.

Mean grain number of 10 or more oocytes in each follicle stage: each
+ = 5 grains.
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Figure 18.

- -

-

_ _ -

-
-

-

-

Ampullary gocyte from mouse injected with 40 microcuries
cytidine–H3 day 6 neonatal. See Figure 17.
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Figure 19. Ovarian oocyte from mouse injected on day 3 postnatal and
Killed 14 days later (20 microcuries cytidine-H%). Note
nucleolus typical at this age.



changes were not included but many oocytes of maximum size were ob

served labelled heavily and signs of disintegration observed previously

(empty rings and decreased number of primordial oocytes) were particu

larly evident in animals injected day 3.

The pattern seen in mature ovaries at 4 weeks of age was not too

different from that observed at 14 days post-injection. However, peak

ooplasmic label was seen over the late preovulatory oocytes while oocytes

in stages less mature than 5b were unlabelled (less than 5 grains).

Successful mating as defined by vaginal plug was observed in all

animals injected on postnatal days 3, 6, 10 or 14 and standard super

ovulation techniques yielded between 6 and ll ova per oviduct. Abnor

mal ova were seen in only one of the animals injected on day 3 with

loss of corona cells around the oocytes and fragmented ova in the ovi

duct distal to normally expected transit sites. Interstitial thicken

ing of the ampullary oviduct was also observed. Within the ovary

occasional signs of preovulatory divisions were seen in maximum size

oocytes as previously described. Label in the ovulated fertilized ova

(day 0) and the later stages of preimplantation development in animals

injected day 6 was comparable to the amounts of label visualized over

the late preovulatory oocytes of the same animals. (See Table VIII and

Figs. 19 to 22.)

Series 3. cytidine-Hº incorporation by oocytes of mature mice.

Four adult animals (8 weeks of age) were injected with 25 micro

curies of cytidine-Hº (Table IX). This was done to compare uptake

with neonatal and juvenile precursor uptake and to compare these results

with reports from other experimenters. Ovulation was induced with PMS
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Figure 21. Preimplantation blastogyst from mouse injected with 40
microcuries cytidine-Hº on postnatal day 6, mated at
4 weeks of age and killed 3 days after mating.
a. 10w power magnification
b. high power magnification



58

Figure 22. Ovulated oocyte from mous; injected 3 days after birth with
40 microcuries cytidine-Hº, mated at 4 weeks and killed
2 hours after mating.
a. Experimental. b. RNAase digestion.
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Table IX

cytidine-Hº Incorporation by Oocytes of Mature Mice”
Injection of 25 uc Cytidine-H3

# of Animals Time of Injection

l 30 minutes prior to sacrifice

post ovulatory = + 4 hours.

2 14 hours prior to sacrifice

given with HCG injection.

l 4 hours prior to sacrifice.

post ovulatory = + 2 hours.

:
Age - 8 weeks.
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and HCG as above. Isotope injections were made either at the time of

HCG injection or 4 hours or 30 minutes prior to sacrifice. Sample sec

tions of both the ovary and oviductal ampulla were examined.

The labelling pattern seen in these four adult superovulated mice

injected intraperitoneally with cytidine-Hº was consistent with the pat

tern of precursor utilization seen in neonatal and juvenile mice. The

greatest amount of label was present in oocytes in growth stages and

the sequence of localization was initially nuclear with subsequent

localization over the cytoplasm. Thirty minutes post-injection, oocyte

label was primarily nuclear; 4 hours post-injection some label was

extranuclear and by 18 hours the label was primarily cytoplasmic. In

all oocytes, the nucleoli were very lightly labelled if at all.

Although the most heavily labelled oocytes were those in the growth

stages, precursor incorporation was less than observed in neonate and

juvenile ovaries and less than in the surrounding granulosa cells,

ovarian stroma and oviductal cells. Ampullary oocytes were unlabelled

as were most of the surrounding cumulus cells. There were occasional

clusters of cells within the corona with label; these were found pre

dominantly on the perimeter of the corona and were not seen in animals

injected 30 minutes prior to sacrifice.

No attempt was made to quantitate the amount of activity per ovi

ductal region (e.g., ampulla, fimbria or isthmus). Fimbriated cells

were heavily labelled while endometrial and isthmus cells were minimally

labelled. (See Fig. 23)
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Series 4. Lysine-Hº incorporation by oocytes of neonatal and juvenile

mice.

Nine mice were injected intraperitoneally with tritiated lysine

on 0, 3, 6, 10 or 14 days after birth. Day 0 animals were given 20

microcuries of isotope; all others received 40 microcuries of isotope.

The mice were killed at 2 or 24 hours post-injection.

The examination of ovarian oocytes in these animals revealed both

similarities and differences to patterns of RNA precursor uptake. Un

like RNA precursor uptake, very low levels of lysine were incorporated

in ovarian oocytes prior to day 3; by this age oocytes of all follicles

were heavily labelled (Table X) as were the other cells in the ovary.

Sharp increases in mean number of silver grains were associated with

oocyte growth stages (Stages 3b-5a follicles), but further increases

in label with increase in oocyte size beyond stage 5a was not demon

strated. Grains were diffusely distributed over both nucleus and cyto

plasm at all stages and no sequential redistribution of location was

observed. Ratios of grains, nuclear to cytoplasmic, remained the same

at both 2 and 24 hours in the growing follicles. However, smaller

oocytes tended to have a higher nuclear to cytoplasmic ratio probably

due to the higher volume proportion of nucleus to cytoplasm. (Figures

24, 25)
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Table X

Lysine-Hº Incorporation by Oocytes of Neonatal Mice

Grain Number Over Oocyte”
Follicle Type

Postnatal Day
Injection** 2 3a 3b 4 5a 5b

3 : 2+ 3+ 5+

6 2+ 8+ 10+ 15+k+k

10 2+ 2+ 9-H 15+ 18+ 19+k+k

14 2+ 2+ 6+ 13+ 17+ 19+

:
Mean grain number over 10 or more oocytes in each follicle stage.
(See page 19 for follicle stage definition.)

*:::
Injected IP; day of birth = 0.

:*:k:k
Less than 10 occytes.

Mean grain number over 10 or more oocytes in each follicle stage;
0 – 5 = +; 6 – 10 = 2+; + = 5.
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Figure 23. Mature mouse ovary and ºvíducts (6 weeks old) 4 hourspost injection with cytidine-Hº (25 microcuries IP).
a. Oviduct. b. small oocytes and stroma.
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Figure 24. Ovary from 6 day old mouse injected with 20 micro
curies lysine-H on day 6 and killed 2 hours post
injection.
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Figure 25. Ovary from 10 day old mouse injected with 20 micro
curies 1ysine–H3 on day 10 and killed 2 hours post
injection. Maximum follicle stage in center.
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DISCUSSION

Introduction

These autoradiographic experiments used the incorporation of tri

tiated RNA precursors to trace the biosynthesis and storage of ribo

nucleic acid in immature mouse oocytes. We observed a sequence in the

distribution of label which suggested that RNA was synthesized initially

in the oocyte nucleus, associated with the chromatin and nucleoli, and

subsequently was transported to the cytoplasm. RNA precursor label

remained in ova through later stages of oocyte development. Label was

consistently observed over the nuclei during prophase stages of matura

tion and was especially dense over dictyate nuclei. Both cytoplasmic

and nuclear label were greater in oocytes undergoing rapid growth.

In every animal class RNA synthesis probably is evident during

previtellogenic and lampbrush stages and is especially dramatic in

amphibian and echinoderm oocytes (Davidson, 1968). That RNA synthesized

during lampbrush stages is packaged and stored is demonstrated by hybrid

ization studies with labelled precursor in the amphibian (Hough, et al.,

1973) and competition-hybridization experiments in the sea urchin (Gross,

et al., 1973). Presumably these molecules are used later in embryonic

development although details of their utilization remain to be worked

out. By analogy with these systems, our observations that RNA synthesis

occurs during oocyte maturation and growth and that label persists in

the ova during ovulation and early embryonic cleavage are consistent

with the interpretation that at least part of the substantive protein

synthesis occurring early in mouse development is dependent on stored

maternal RNA. This is consonant with observations from other laboratories
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that detectable activity of the mouse embryonic genome occurs at least

by the 8-cell stage (Woodland and Graham, 1969). It is likely that

maternal and, probably, embryonic RNA both are utilized during the initial

cleavage stages. One may speculate that as the action of the embryonic

genome increases during cleavage, the contribution of the stored maternal

RNA declines progressively.

Techniques

Both the mouse oocyte and autoradiographic techniques are favorable

systems with which to study RNA synthesis during oocyte maturation.

Mouse oocyte development has been carefully studied by many experimenters

so that the staging and sequences of maturation and growth provide a

well established background for this study. Moreover, the mouse is

sexually mature by four weeks of age and can be mated; therefore, in a

short time all stages of ovarian oocyte development can be observed and

ova treated at definable intraovarian stages can be followed through

fertilization and preimplantation development.

Autoradiography is an excellent tool with which to follow the up- -

take patterns of tritiated precursors in the living organism (Ficq, 1960;

LeBlond and Amano, 1962; Bogoroch, 1972). However, this technique does

not indicate the pool of unlabelled nucleotides available to the oocyte,

the parameters of transport within the oocyte nor negate reutilization

of the radiolabelled precursors by the embryo. Neither we nor other

laboratories have defined adequately the significant parameters of the

nucleotide pool in mouse oocytes. Until such data are available, our

conclusions must be tentative.
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Multiple controls in these studies utilized enzymatic digestions

of RNA and DNA to assure that the label observed did indeed represent the

presence of RNA. Both ribonuclease and cold perchloric acid digestions

consistently removed the majority of label over oocytes (see Oakberg,

1968; Aldridge and Watson, 1963). Cold perchloric acid digestion was

routinely used with the short Carnoy fixation methods; the latter do not

eliminate endogenous tissue ribonuclease activity. Uninjected tissue

samples adjacent to experimental sections provided controls for contami

nation and nonspecific radiation during autoradiography.

Radiation Sensitivity

The sensitivity of oocytes to radiation has been reported by many

(Baker, 1971; Ingram, 1962; Slizynski, 1967; Beaumont, 1969; Oakberg,

1962). It was of importance in our experiments not to disrupt the normal

development of the ovary or oocytes; therefore, we were interested in

comparing the periods of high radiation sensitivity with the patterns of

RNA synthesis we observed.

The maximum sensitivity of oocytes to tritiated precursors, as

previously reported, was during the first three days after birth. This

was when the majority of ova were in primordial stages or were entering

the late diplotene stage of meiotic prophase. In all animals we injected

on day 0, ovaries at autopsy were smaller than normal and contained de

creased numbers of primordial ova. This effect was observed even at the

lowest dosages of radiolabel used (10 microcuries). In addition, some

fragmented eggs were observed in animals injected on day 3.

Radiosensitivity of ovarian oocytes during the first three days

after birth and at the oocyte stages which were especially vulnerable to
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radiation suggests a close association of the tritium with oocyte

chromatin. Baker (1969) observed greatly extended loop matrices of

lampbrush chromosomes with associated ribonucleoprotein in rat oocytes

during the first postnatal week. If, as is likely, mouse oocyte chroma

tin is in a similar state at these stages, our data, like his, allows

the suggestion that chromatin-associated RNP is synthesized in the pri

mordial and pregrowth oocyte stages in the newborn ovary and that it is

responsible for the greatly increased radiosensitivity during this period.

In general, the doses of isotope administered in this study were

compatible with normal development; all animals injected after postnatal

day 3 (with one exception) had the usual number of ovulated eggs and

these appeared normal histologically. Occasional atretic changes may

have been evidenced by amitotic divisions seen in some ovaries four

weeks after isotope injection. Such spontaneous "parthenogenic" attempts

are not present normally in the mouse ovary except in a few inbred strains

(Stevens, 1975).

RNA Precursor Incorporation by Oocytes in Fetal and Immature Mice

Intense RNA synthetic activity, as indicated by incorporation of

RNA'ase digestible label, was associated with the stages of oocyte

development during which the ova were growing rapidly (series 1 - 3).

Nuclear and cytoplasmic label was observed first in ova in late pachytene

and early diplotene meiotic stages. Such label was increased in oocyte

stages undergoing rapid growth even though total cytoplasmic area con

tinued to increase in size. Less label was incorporated into ova pres

ent in antral stage follicles. These patterns of incorporation were not

unlike those observed in adult mouse oocytes (Oakberg, 1968; Moore, et al.,
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l974; Jahn, et al., 1976).

Nuclear labelling of oocytes was not seen until day 19 of gesta

tion (late pachytene stages are first present at this time). That the

precursors were available to the embryo but not utilized by the ovarian

oocyte until day l9 is suggested by our observation of radiolabel in

corporation by adjacent kidney tissue as early as day 17. This finding

is different from that of Hayashi and Kaxmierowski (1970) in the rat

which suggested that RNA precursors were not available to the embryo

before day 19.

We observed that label always appeared first in the nucleus and

was associated with both chromatin and nucleoli. However, differences

in the amount of label between nucleoli and chromatin could not be quan

titated since the penetrance of silver grains varies with intracellular

densities (Rogers, 1967). All nucleoli in actively growing stages of

neonatal and juvenile mouse oocytes incorporated RNA precursors. These

observations with ovaries in young animals are unlike those with adult

mouse oocytes in which nucleoli remained unlabelled by RNA precursors

(Oakberg, 1962).

Variations in grain count over nucleoli coincided with morphologi

cal changes in nucleoli. On the day of birth only small, irregular,

elliptical nucleoloid-bodies were observed; these grew to larger, granu

lar and basophilic structures in growing oocyte stages. Nucleoli in the

latter oocytes were the most intensely labelled in our study. In ova

from antral follicle stages, the nucleoli were very regular and smooth

as described in both oocytes and embryonic cells (Hillman and Tasca,

1969; Hay, 1970; Weakley, 1966; Flax, 1951). These nucleoli were un

labelled in our studies.



71

Grain counts over oocytes suggested a movement of newly synthesized

RNA from nucleus to cytoplasm. The sequence of label distribution was

consistent with the conclusion that most, if not all, RNA was synthesized

by the oocyte nucleus (refer to Fig. 15 for the sequence of nuclear to

cytoplasmic ratio). Both mouse (Bachvarova, 1974; Jahn, et al., 1976)

and amphibian studies (Davidson, 1968) suggest that most of the label

associated with nucleoli represents ribosomal RNA. In addition, as sug

gested by amphibian studies (Davidson, 1968), a significant portion of

the label probably represents informational RNA synthesized on the

chromatin. It is noted also that Gross and Gross (1973) identified a

maternal messenger RNA and the histone RNA product during echinodern

development.

Two phases of oocyte development are observed in the ovaries of

newborn and juvenile mice: (1) the nuclear maturation of oogonia to

dictyate meiotic prophase stages (oogenesis); and, (2) the rapid growth

in size of a select number of these primary oocytes. More oocytes in

small follicles start to grow and begin follicle development during the

first ten days after birth than at any other time during the life of the

female mouse (Pederson, 1969). In the juvenile (7 day) mouse ovary,

approximately 5% of the oocytes are in growth stages while in the adult

ovary only about half that number are entering growth phases (Pederson,

1969). In the studies reported here, a different pattern of label uptake

was observed in the pregrowth stage oocytes as compared to oocytes in

later growth stages. In the pregrowth oocytes, label remained associated

with chromatin 24 hours after injection and the ratio of nuclear to cyto

plasmic label was between 73–80%; this suggests the synthesis of an RNA
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associated with chromatin and its nuclear persistence. In contrast,

rapidly growing oocytes had a 21% N. C ratio 24 hours after isotope in

jection. In addition, chromatin appeared pyronophilic as the oocytes

entered into growth or stationary stages. These data are consistent

with electron microscopic studies showing a continuous ribonucleoprotein

matrix on lampbrush chromosomes (Baker, et al., 1969).

Moore, et al., (1974) have demonstrated clearly that DNA-dependent

RNA polymerase activity is present only in the growth stages of mouse

oocytes. Our data are entirely consistent with Moore's observations.

The pattern of label distribution was the same whether animals

were injected a single time (day 6) or multiple times (days 10 - 14).

This supports the conclusion that oocyte stage at the time of isotope

availability was the primary determinant for incorporation of the label

led nucleotides.

Precursor Uptake by Mature Mouse Ovary

RNA precursors were injected into mature mice to confirm earlier

observations (Oakberg, 1968; Reamer, 1963) and to compare adult with

neonatal and juvenile ovaries. As noted above, less label was seen in

ovarian oocytes from mature animals than in oocytes from immature and

juvenile mice. Such oocytes appear metabolically inactive relative to

the surrounding cells and they have a slower maturation rate than do

oocytes from younger animals (Pederson, 1969). As suggested by Baserga
-

(1966), neonatal mouse cells (liver) may be more efficient in RNA syn

thesis than adult (liver) cells. However, it is possible also that

precursors are more readily available to the immature cell. In the

mouse oocyte system, the precursor pool available to the oocyte in the

adult ovary may be diminished significantly by competition from the
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metabolically active corpora lutea and follicle cells. In addition,

the immature mouse ovary has less stroma and enveloping connective

tissue (compare Figs. 7 and 9) than does the adult ovary. Since the

precursor pool available to the oocyte in immature and juvenile mice

may be different than the pool available to the oocyte in mature animals,

meaningful interpretation of the differences in utilization of label

between mature and immature ovaries is precluded.

Reamer (1963) reported cytoplasmic label in preimplantation mouse

stages after the administration of RNA precursors just prior to ovula

tion. (N.B. Radiolabel visible in her photographs seems minimal.)

We attempted to repeat these experiments but could not demonstrate the

uptake of RNA precursors into the late preovulatory stages (e.g.,

Table IX). It is possible that the label Reamer reported represented a

late preovulatory burst of RNA synthesis prior to germinal vesicle break

down (e.g., Brown and David, 1968 — amphibians; Bloom, 1972 - mice, in

vitro), or the transfer of labelled precursor from oviductal epithelium

as described for other macromolecules , (Glass, 1968). This preovulatory

RNA synthesis, if it occurs, probably represents only a small part of

the total RNA pool. Our data indicate that most of the RNA present in

the ovulated mouse oocyte is synthesized by the growing ovarian oocyte

in preantral follicle stages. This is consistent with previous obser

vations of RNA precursor utilization by adult mouse oocytes (Oakberg,

1968; Bachvarova, 1974).

Sub-localizations of RNA

It has been suggested that the localization or assymetrical dis

tribution of macromolecules is responsible for the early differentiation
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of the embryo. Weiss (1953) called these gradients "field" or "position

effects" which would give rise gradually to more stable, irreversible

differentiation; Niu (1971) applied the label "microecological fields".

If localized to discrete regions within the ovum, RNA clearly could fill

the role of an early macromolecular "gradient", "field" or "germ plasm"

(Wilson, 1925).

Such RNA sub-localizations are observed in amphibians; RNA label

incorporated during oocyte maturation several months earlier is found

concentrated in the animal pole at tadpole stages (Davidson and Hough,

1968). In mammals, Dalcq (1950) demonstrated histochemically that RNA

is unequally distributed in the cytoplasm of preimplantation rat embryos;

more RNA was observed in the inner cell mass (or presumptive embryo cells)

than in presumptive trophoblast cells. Karp (1973) reported a localiza

tion of radiolabel in rabbit preimplantation embryos which suggested

there was an increased synthesis of ribosomal RNA by trophoblast cells.

Finally, in mouse ovarian oocytes, structures described as cytoplasmic

lattices or fibrous plates were first seen by electron microscope in

medium-sized ova (Burkholder, 1971; Odor, 1972, 1974; Bachvarova, 1974);

it was suggested that these were possible localizations of cytoplasmic

RNA.

Nonetheless, we could not demonstrate any discrete sub-localizations

of RNA within the cytoplasm of mouse oocytes using only light microscopy

and autoradiography. Instead, the persistent silver grains indicating

the presence of radiolabelled RNA were scattered randomly throughout the

cytoplasm in all ovarian and ovulated eggs. Nor, with the nontoxic

levels of radiolabelled nucleotides used, could we demonstrate a dif

ference of label between cells in preimplantation embryos.
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The apparently random distribution of radiolabel we observed sug

gests that RNA synthesis may be an ongoing process throughout oocyte

development. If the persistent cytoplasmic label represents a storage

form of RNA, the stored products appear to be distributed generally

throughout the cytoplasm. It is recognized also that the introduction

of small amounts of precursor as a pulse with a continuum of oocyte RNA

synthesis and storage would label only a minute proportion of the total

RNA. Our data, therefore, do not rule out the possibility that parti

cular RNA species are localized in either the inner cell mass or in the

trophoblast cells during cleavage.

Persistence of Label

One of the primary purposes of these studies was to look for

specific evidence of the persistence in the ovum of radiolabel from RNA

precursors; such persistence might indicate the production by the oocyte

of stable or long-lived ribonucleic acids. We found that radiolabel

remained in the ooplasm for at least four weeks after injection. The

silver grains were seen only in the oocyte cytoplasm (not the nucleus)

after the longer intervals and were always found in oocytes of follicu

lar stages more mature than those present in the ovary when the isotope

was injected (see Fig. 18).

Using the methods of Pedersen, et al. (1969), it is possible to

calculate an estimated growth time for mouse ovarian oocytes and fol

licles. Follicles beginning the growth phase with one layer of granulosa

cells (at one week of age) will grow to antral stages by two weeks and

maximum preovulatory stages three to four weeks later. Based on similar

calculations, we estimate that the peak label we observed was incorporated
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into RNA synthesized in the early stages of oocyte growth (see Tables

VII, VIII and Fig. 18).

Our results are compatible with the suggestion that all label in

later oocyte stages, both before and after ovulation, represents RNA

synthesized in preantral follicle stages and stored in the ooplasm.

However, our data do not exclude the possibility that label is incor

porated at early oocyte stages into RNA which subsequently is degraded.

The labelled nucleotide thereby could enter the endogenous pool and be

reutilized one or more times for RNA synthesis during later oocyte

development. We observed that label moves from nucleus to cytoplasm

during oocyte development and persists in the cytoplasm of late ova and

cleaving embryos in roughly constant amounts. If the "pool" hypothesis

is correct, we must assume that there is little or no loss of labelled

precursor from the endogenous pool of nucleotides but that it is recycled

with nearly 100% efficiency. Such efficiency is rare in biological

systems.

Moreover, an accumulation of data from this and other laboratories

lends credence to the concept that the ovarian oocyte synthesizes forms

of stable messenger and ribosomal RNA which, at least in part, are stored

in the ooplasm for use later in oocyte and embryonic development. This

is consistent with the claims that oocyte RNA is synthesized at least

one to three weeks before ovulation (Jahn, et al., 1976), with the pat

terms of RNA synthesis observed in mature mouse oocytes (Bachvarova,

1974) and with the stages when DNA-dependent RNA polymerase activity is

found in oocytes of preantral ovarian follicles (Moore, et al., 1974).

These are the stages when lampbrush chromosomes are present in the oocyte

(Miller and Bakken, 1972) and when storage forms of ribosomes are seen
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in the cytoplasm of mouse ova (Burkholder, et al., 1971). Finally, the

concept that maternal RNA is synthesized early and then stored in the

ooplasm for subsequent use is compatible with observations during early

embryonic development. Thus, inactive storage forms of RNA are identi

fied in the ovulated mouse oocyte (Bachvarova and DeLeon, 1977). More

over, the early mouse embryo continues protein synthesis and makes major

changes in the classes of proteins synthesized (Van Blerkom, et al.,

1974; Epstein, et al., 1973) although little RNA synthesis can be de

tected (Woodland and Graham, 1969) and even though RNA synthesis is

inhibited (Golbus, 1973; Monesi, 1970).

Clearly, these data do not exclude the "pool" hypothesis nor do

they exclude the possibility (probability?) that both stored maternal

messenger RNA and newly synthesized embryonic messenger RNA are required

for normal early development.

Protein Synthesis

As anticipated, we observed an increased incorporation of radio

labelled protein precursors by oocyte nuclei and cytoplasm at stages

when maximal RNA synthesis also was in progress. Previous research with

mature ovaries had noted increased protein synthesis at similar stages

(Panje and Kessel, 1968; Cowder, 1966). Intense protein synthesis in

both nuclei (including nucleoli) and cytoplasm occurred when oocyte

growth began, at a time when increased numbers of ribosomal proteins

were needed.

In small oocytes the increased labelling of nuclear protein, which

was seen at both two and twenty four hours after injection and which was

chromatin-associated, together with the simultaneous appearance of
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labelled nuclear RNA, suggests the synthesis of an RNP. As suggested

by Baker, et al. (1969), such an RNP might be utilized as matrix by the

lampbrush chromosomes at the dictyate stages prior to oocyte growth.

Such a protein matrix could prove provide protection for the genome,

either by acting as a DNA "splint", allowing repair to take place, or

as a shield protecting the DNA from radiation damage.

The incorporation of protein label by the cytoplasm of ovarian

oocytes in immature mice was not large until the third day after birth.

This is the period when structures associated with protein synthesis

first appear in the ooplasm, e.g., lattices (Burkholder, et al., 1971)

and similar proteinaceous structures (Weakley, 1968; Odor, 1974). An

increase in Fast Green staining (a basic protein stain) was reported in

mouse oocytes during periods of rapid cytoplasmic growth (Alfert, 1950);

this correlates well with the pattern of uptake of amino acid label

which was visualized in our experiments.

The synthesis of both structural proteins and "housekeeping"

proteins is necessary in growing oocytes. A large number of housekeep

ing proteins are produced (Davidson, 1968) and include the chromatin

associated proteins, histones, ribosome-associated proteins and a number

of enzymes, e.g., RNA polymerase (Moore, et al., 1973). The synthesis

we observed in mouse ova probably contributes to both categories of

protein but our data do not allow discrimination between them.

That embryonic protein synthesis may occur on a stable RNA of

maternal origin does not imply a lack of embryogenic RNA synthesis nor

that some embryonic proteins are not synthesized on embryonic RNA tem

plate. As noted above, RNA synthesis by the embryo can be detected as
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early as two-cell stages in the mouse (Graham, 1973; Van Blerkom, et al.,

1975). However, protein synthesis occurs at all times in the oocyte

and early embryo and a significant amount of protein still is made even

if embryonic RNA synthesis is inhibited . (Monesi, 1970). This strongly

supports the concept that some of the protein synthesis during early

cleavage represents synthesis on a stable stored RNA already present in

the blastomere cytoplasm.

Conclusions

We have presented data indicating that the synthesis of both RNA

and protein occurs in the ovarian oocytes of newborn and juvenile mice;

these cannot, therefore, be considered quiescent cells. Similar to the

adult mouse ovary, the growth phases of the oocyte in immature animals

are associated with the increased incorporation of RNA precursors. In

addition, we demonstrated that the label from such RNA precursors per

sists within the oocyte cytoplasm throughout the remainder of oocyte

growth and can be identified even in early preimplantation stages of

development.

What is the significance of the RNA synthesis and its possible

role in development, differentiation and protection of the oocyte and

the embryo?

As discussed above, our data are consistent with the hypothesis

that the persistent cytoplasmic label represents biosynthesis of RNA

along a continuum of oocyte growth. Such "maternal" RNA synthesis ends,

or decreases significantly, in the antral stages of follicle growth and

is coincident with a decrease in the amount of DNA-dependent RNA poly

merse in the egg. As true for other cells, three species of RNA probably



are synthesized in the mammalian oocyte: informational RNA which is

associated with the chromatin during synthesis and which remains in

close proximity to the chromatin; ribosomal RNA which is associated with

the nucleoli; and chromatin-associated RNA which is synthesized espec

ially during the pre-growth dictyate stages. Our data and those from

other laboratories support the idea that the majority of the cytoplasmic

label we observed represents a stable RNA with both ribosomal and in

formational components. It seems probable to us that the concurrent

protein and RNA synthesis we demonstrated in the growing mouse oocyte

contributes to this storage package.

In the contest of data showing that maternal RNA template is syn

thesized by the oocytes of invertebrates and lower vertebrates, our

observations suggest that a constant, conservative pattern utilized

earlier in evolution is still functional in the mouse and other mammals.
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APPENDIX

Autoradiographic Techniques

Histological sections were mounted on slides pretreated with a

solution of 0.5% gelatin-0.05% chrome alum. This provided a good

adhesive surface for both section and emulsion and reduced background

grains by reduction of backscatter from the glass (Bogoroch, 1970).

In addition, most sections were rinsed 5-10 minutes in cold 5%

trichloroacetic acid at 4° to remove unincorporated nucleotides and

were washed in running water for two hours.

Kodak photographic emulsion (NTB2 or NTB3) was diluted with dis

tilled deionized water (1:1). Each slide was dipped slowly three times,

drained, and dried slowly at 22°C for 5–6 hours. They were sealed in

light tight bakelite boxes with electrical tape and stored at 4°C.

Exposure times varied with the specific activity of tissues and emulsion

used and ranged from 7 days to 12 weeks. Control slides containing known

"hot" or known "cold" tissue were included in each autoradiographic run.

NTB3 emulsion was used primarily to approximate exposure times

needed; the exposure time of NTB2 is generally twice as long as NTB3

and permitted greater cellular localization.

Slides were developed in full strength D19, cleared in Kodak Acid

Fix and washed well before post-staining. All developing solutions were

maintained at 0 to 4°C and slides were brought quickly to room tempera

ture after development (Bogoroch, 1973; Rogers, 1969; Gude, 1968).

Developed autoradiographic slides were post-stained with one of

three techniques: methyl-green pyronin (Kurnick, 1952), hematoxylin, eosin

or toluidine blue. The majority were post-stained with hematoxylin eosin.
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A synthesis AND CLEAVAGE STAGES
IN MAMMAL, AMPHIBIAN AND ECHINODERM
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Figure 26. Comparison chart of RNA synthesis and cleavage stages
in mammals, amphibians and echinoderms.
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