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A, adenine
ATP, adenosine-striophosphate
butyl PBD, 2.(4-tert-butyl phenol)-5 (4" bi phenylyl )-1 ,3 ,4-oxadiazol e
CP, creatine phosphate
CPK, creatine phosphokinase
CTAB, cetyltriimethyl ammonium bromide
DEAE, diethylamino ethyl
DEP, diethyl pyrocarbonate
DMSO, dimethyl suiphoxide
DNA, deoxyribonucleic acid
DTE, dithioerythritol
DTT, dithiothreitol
EDTA, ethylenediamine tetracetic acid
GTP, guanosine 5'triphosphate
Hepes, N2..hydroxyethyl pi perazi neN' -2
ethanesul phonic acid
poly A (or U), poly adenylic acid (or uridylic)
PPO, 2,5 diphenyl oxazole
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t, transfer
r, ribosomal
m, messenger
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TCA, trichioroacetic acid
TEMED, NNN'N' -tetramethyl ethyl ene diamine
Tris, Tris(hydroxymethyl) aminomethane
Tris; 2..amino.2(hydroxymethyl).1,1propandiol

A study of changes in the subcellular distribution of 4S
and 5S RNA during cogenesis revealed that in previtellogenic
oocytes most 4 and 5S RNA is stored in 42S RNP particles.
Accumulation between previtellogenic and white stages is
mainly in the soluble fraction, the amount in 42S particles
remaining relatively constant. The 42S 4S plus 5S RNA is
released between white and full grown stages. Ribosome
bound 5S RNA increases four fold and the soluble non
ribosome bound pool decreases although 20% of the total
remains there. Over 90% of the 4S RNA is located in the
full grown oocyte soluble fraction.

The hypothesis that during oogenesis changes in the
population of tRNAmay control the relative translational
efficiency of various mRNAs and that sequestration in 42S
RNPs may enable the populations to be kept separate early in
oogenesis was tested by cell free translation. No
supportive evidence was found.

Using two dimensional gel analysis several control
systems were found to operate over protein synthesis during
oogenesis.. Subcellular fractionation enabled identification
of four protein classes (soluble, ribosomal, 42S particle
and mRNP particle) which are under separate control.

Although synthesis of the majority of acidic and neutral
proteins (most of which probably fall into the soluble

1

class), was constant throughout oogenesis some proteins
which increase or decrease in relative synthesis as well as
some detectable only at certain stages were identified.
Changes in relative synthesis may occur mainly between
previtellogenic and white or white and full grown stages or
more gradually over the course of oogenesis.

A comparison of protein synthesis in previtellogenic
oocytes of Xenopus laevis and Xenopus borealis revealed a
number of interspecies differences in electrophoretic
mobility of proteins which would be useful markers if a
heterologous system was used to study control of protein
synthesis during oogenesise

* CHAPTER 1 *

GENERAL INTRODUCTION

101 Ultra strctuml observations on primordial germ cell and
oocyte devel onent

The first manifestation of germ cell development in Xenopus occurs
in the post vitellogenic oocyte, where areas of "germinal plasma may
be discerned. These specialized cytoplasmic patches are believed to
contain material which is in some way responsible for the
differentiation of the germ cell line (Blacker, 1970)

After

fertilization these areas become localized in the vegetal region of
the zygote. During gastrulation a small group of cells containing
"germinal plasm", the primordial germ cells (POGOCO) become localized
in the endoderm of the embryo. Eventually the P.G.C. migrate to the
developing genital. ridges in the maturing embryo where they cease
division and remain in an extended interphase condition for two to
three weeks. P.G.C. are large cells up to 25 um in diameter with
highly lobulated nuclei.

Coincident with the onset of sexual differentiation germ cells, now
termed "gonia", again become active in DNA synthesis and enter
mitosis. Some oogonia divide only four times before entering meiotic
prophase although the average is nine times. Simultaneously the
number of nucleoli increase to more than the diploid number of two.
These extra nucleoli, containing amplified copies of ribosomal DNA,
are lost from the germ cells at the onset of meiotic prophase. This
loss is probably permanent in the male germ cells but variable and
temporary in the female.
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Single oogonia are found in the ovary immediately adjacent to other
cell types, these "primary" oogonia give rise to groups of "secondary"
oogonia by mitotic division. The "primary" oogonia are larger and show
greater nuclear polymorphism than "secondary" oogonia0 Secondary
oogonia occur in nests of cells connected by intercellular bridges,
which are believed to promote synchronous development of cells in the
same nest. These intercellular bridges remain until the pachytene
stage of meiotic prophase.

Following the last oogonial mitosis the female germ cells, now
known as oocytes, enter meiotic interphase0 After a DNA replication
period, the premeiotic S phase, they enter meiotic prophase (Kalt,
1973; Kalt and Gall, 1974)

Oogenesis has been divided into six

stages by Dumont (1972) on the basis of the anatomical appearance of
unfixed intact oocytes0

Stage I oocytes, (under 30pm to 300jum in diameter), have a
transparent cytoplasm through which the large nucleus (or germinal
vesicle) and mitochondrial mass are visible. They are
previtellogenic, that is they are not actively involved in yolk
accumulation. Chromosome stages leptotene, zygotene, pachytene and
very early diplotene are included in this stage. In early stage I
each oocyte is approximately pear shaped, the tip lying at the centre
of the cell nest with the germinal vesicle (now round in outline),
located near the periphery. As the cells progress to zygotene, the
chromatin becomes more condensed and one or two nucleoli are found
near the nuclear envelope surrounded by a "halo" of electron light
fibrillar material, believed to represent extra chromosomal DNA. This
incorporates a low level of thymidine indicating that the major period
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of rDNA amplification has begun. In pachytene the nucleolus changes
in morphology becoming irregular in outline, surrounded by a fibrillar
area and progressively larger. Late pachytene oocytes separate from
one another and no longer develop synchronously, eventually they are
surrounded by a layer of follicle cells. The first of the multiple
nucleoli appear in pachytene and continue to multiply through early
diplotene, moving to the periphery of the centrally located nucleus.
Diplotene is characterized by important cellular growth.

Stage II oocytes, (300jim to 450)im in diameter), acquire a
characteristic white colour as vitellogenesis begins and yolk proteins
are transported from the liver via the blood to the ovary (Tata,
1976)

The nucleus becomes more irregular in outline. Chromosomes

are at early diplotene and the characteristic lampbrush structure
first appears. Nucleoli continue to increase in number and three
types are distinguishable, the largest up to 12,um in diameter.
Accumulation of ribosomes in the cytoplasm begins. Interdigitating
cytoplasmic intrusions from oocytes (microvilli) and follicle cells
(macrovilli) increase in number and size and the formation of the
acellular vitelline membrane under arches of the follicle cells
begins.

Stage III (4501im to 600jim in diameter) is marked by the beginning
of visible pigmentation, the oocytes ranging in colour from light
brown to dark brown. The chromosomes acquire the maximum lampbrush
configuration. The mitochondrial mass disintegrates and disperses
toward the periphery of the oocyte and the vitelline membrane forms a
uniform layer over the cell.
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Stage IV oocytes (600im to 1,000jim in diameter) are characterized
by the differentiation of animal and vegetal hemispheres. The animal
hemisphere retains most of the pigment and is dark brown in colour.
The cytoplasm is filled with yolk platelets distributed so the largest
lie in the vegetal hemisphere, the nucleus becoming displaced towards
the animal hemisphere. Lampbrush chromosomes retract and move along
with small nucleoli towards the centre of the nucleus. Follicle cells
thicken, their nuclei and nucleoli increase in size and channels
between adjacent follicle cells develop.

Stage V oocytes (1,000jim to 1,200jim in diameter) are characterized
by the formation of a distinct boundary between animal and vegetal
hemispheres and a lightening in colour of the animal hemisphere. The
nucleusbecomes further displaced towards the animal pole and
polarization of the nuclear envelope begins, so that it becomes more
highly convoluted towards the vegetal side. Small nucleoli and
condensed chromosomes form a mass in the centre of the nucleus. Yolk
accumulation subsides and microvilli decrease in size.

Stage VI oocytes, which are postvitellogenic (1,200,um to 1,300 pm
in diameter) are characterized by the appearance of a relatively non
pigmented equatorial band 002mm wide and the return to the dark brown
colour of the animal hemisphere. The nuclear envelope becomes more
apparently polarized and chromosomes are short and retracted. (Dumont,
1972; WatsonCoggins, 1973; Van Gansen and Schramm, 1972; Kalt, 1973;
Kalt and Gall, 1974)

Oocytes rest at this stage until induced to mature either in vivo
by the administration of human chorionic gonadotrophin hormone to
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laboratory animals, or in vitro by progesterone treatment. Breakdown
of the nuclear membrane then begins at the vegetal end and the nuclear
sap is invaded by ribosomes, glycogen granules and mitochondria.
Nucleoli undergo extensive breakdown (Brachet eta], 1970). The
condensed chromosomes, now attached to the maturation spindle, move
towards the animal pole, where the bivalents eventually separate into
the two component chromosomes. A cytoplasmic bulge appears at the
surface of the oocyte, into which half of the chromosomes at anaphase
enter. Eventually this bulge is pinched off and forms a small cell
known as the first polar body.

The second meiotic division proceeds in a similar manner, but at
metaphase further progress is arrested in amphibians until after
ovulation when, if the egg is fertilized by a spermatozoan or
activated in some other way, the second meiotic division is completed
and the second polar body extruded (Balinsky, 1970). Further
development of the egg then ensues.

12 Hhy sty oogenesis?
The control of gene expression during oogenesis is interesting for
several reasons. It has been established that mature oocytes and
unfertilized eggs contain a stockpile of molecules, including mRNA,
which are synthesised during oogenesis and used during early
development (Gross, 1967; Davidson, 1968; Davidson, 1976). Evidence
comes from experiments in which eggs are enucleated or transcription
blocked using actinomycin, but development through cleavage stages
proceeds. For example, enucleation of Rana pipiens oocytes at various
stages of maturation and at fertilization does not affect the
scheduled changes in rates of, nor the qualitative changes in pattern
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of, protein synthesis that occur during maturation (Smith and Ecker,
1965; 1969; Ecker et al, 1968)0 Microinjection of actinomycin into
eggs of Pleurodeles and Xenopus fails to arrest development until
gastrulation (Brachet and Denis, 1963; Brachet et al, 1964).
Similarly sea urchin embryos can undergo cleavage after actinomycin
treatment and total protein synthesis rates are not greatly affected
by the drug (Gross and Cousineau, 1964; Gross, 1967; Stavy and Gross,
1969).

Stavy and Gross (1969), using cell free systems from various stages
of sea urchin embryo, untreated and treated with actinomycin, examined
endogenous protein synthesis and capacity for protein synthesis using
poly U as a template. They demonstrated that maternal mRNA is
responsible for maintaining most protein synthesis during preblastula
development. It then decays slowly until at gastrulation it no longer
makes an important contribution to total protein synthesis. The
results are not caused by a deficiency in other components of the
protein synthesizing machinery as the ability to use poly U as a
template is retained in treated eggs after blastulation.

Similarly Terman (1970) examined the effect of actinomycin
treatment on the pattern of proteins synthesised by sea urchin
embryos. He concluded that until blastula post-transcriptional
control of protein synthesis, using maternal mRNA as a template, was
mainly responsible for changes in protein synthesis and thereafter
transcription from the embryo genome becomes more important. Thus the
existence of a pool of maternal transcriptional products in the
unfertilized egg is strongly implied in addition to the programme for
the utilization of these products.
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Maternal mRNA has been indicated to exist for microtubule proteins
in the sea urchin and histones in Xenopus and the sea urchin.
Microtubule protein synthesis continues in sea urchin embryos which
have been treated with actinomycin. Incorporation of radioactive
amino acids into microtubule proteins, compared with other proteins,
is similar in cultures of nucleate and enucleate sea urchin eggs
prepared by centrifugal cleavage and activated parthog'enetically (Raff
et al, 1972). Sea urchin eggs also contain a store of soluble
microtubule proteins which remains constant in size throughout early
development (Raffetal, 1971; Raff and Kaumeyer, 1973). The snail
Ilyanassa obsoleta has a pool of maternal microtubule mRNA, as well as
a maternally inherited mechanism for selection of the messenger at the
appropriate developmental stage (Raffetal, 1975).

Histones synthesized during early development in the sea urchin are
coded for partly by maternal mRNA and partly by newly synthesized
mRNA. This has been demonstrated by competitive RNA-DNA hybridization
(Lifton and Kedes, 1976) and translation in the wheatgerm system of
sea urchin egg RNA (Arceci et al, 1976). These translation
experiments showed that the egg contains sequences for the Him histone
but not for the Hig histone which is first synthesized at
gastrulation. The evidence indicates that synthesis of the late Hi
histone follows the disappearance from the polysomes of the mRNA for
Him and substitution by the mRNA for Hig (Ruderman et al, 1974). No
pool of histones can be detected in sea urchin eggs (Benttinen and
Comb, 1971).

In Xenopus laevis the requisites of the embryo for histone are met
by a pool of histones synthesised during oogenesis and a pool of
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maternal histone mRNA0 It was implied from studies on the rate of
histone synthesis during early development and calculations on the
amount of histone required for cleavage that the oocyte should contain
a pool of histones, which was later proven to be the case

This pool

was calculated to be almost exactly the predicted sizes Histone
synthesis occurs in the oocyte although at a lower rate than
fertilized eggs still such that this pool could have accumulated
within the accepted time for oogenesis0 The increase in histone
synthesis upon oocyte maturation is independent of transcription and
is relatively greater than the increase in total protein synthesis
rate (Adamson and Woodland, 1974, 1977; Woodland and Adamson, 1977)
Indirect support for the existence of a pool of histones comes from
experiments which showed that unfertilized eggs can convert SV40 DNA
into chromatin (Laskey et al, 1977)

Cell free translation studies

have shown that Xenopus oocytes contain histone mRNA from an early
stage (Ruderman and Pardue, 1977)

A considerable amount of histone

mRNA in oocytes of Triturus viridescens is polyadenylated (Ruderman
and Pardue, 1978)

The same seems to be true of some other organisms

including Xenopus (Ruderman and Pardue, 1977; Levenson and Marcu,
1976)

Following maturation of Xenopus oocytes and at blastula and

late gastrula stages most of the histone mRNA is found in the poly
A RNA fraction (Ruderman and Woodland, unpublished quoted by
Ruderman and Pardue, 1978; Jacob et al, 1976)

The significance of

this switch from poly A to poly A RNA fractions is unclear.
Xenopus laevis oocytes have been demonstrated to contain a store of
other nuclear proteins such as RNA polymerase (Roeder, 1974) and DNA
polymerase (Benbowtal, 1975)
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Eggs must contain a store of other transcriptional products for use
during early development such as tRNA, 5S RNA , 18 and 28S rRNA0 This
is implied from the previous results and from direct measurements of
total RNA content, which remains essentially invariant in Xenopus from
fertilization at least until gastrulation (Bristow and Deuchar, 1964;
Brown and Littna, 1964)

Heterozygous mothers of the o flu mutant of Xenopus (this mutation
is of the nucleolar organizer region of the chromosome (Elsdale et al,
1958)), are normal with respect to their ability to synthesize rRNA
and shed eggs containing a normal complement of ribosomes

Homozygous

embryos contain no detectable DNA hybridizable with rRNA, (Wallace and
Birnstiel, 1966), and must therefore rely on maternally inherited
ribosomes0 These embryos can develop to the swimming tadpole stage
(Brown and Gurdon, 1964)

Oocytes also synthesise regulatory factors which act during early
development

This is implied since normal changes in protein

synthesis occur in the absence of transcription (Smith and Ecker,
1965, 1969; Terman, 1970, 1972)

One specific determinant synthesised

during oogenesis has been described in the axolotl

A maternally

acting mutation (o for ova deficient), discovered by Humphrey (1966),
was investigated by Briggs and Cassens (1966), Briggs (1972) and
Brothers (1976)

The o factor has been identified as a protein

(Brothers, 1976), made during oogenesis and stored in the nucleoplasm
until germinal vesicle breakdown when it is released to the cytoplasm
Females homozygous or o produce eggs which arrest at gastrulation
fail to show normal changes in protein synthesis and do not show the
normal spurt of transcriptional activity at blastula stage. This
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block in development can be corrected by injecting into the mutant
embryos nucleoplasm from normal oocytes, cytoplasm from normal eggs or
nuclei from normal mid to late blastula stages which have been
"activated" by the o substance. It cannot be corrected by
injecting nuclei from early blastula stages or crude nuclear
homogenates. Nuclei retain the capacity to interact with the o
substance only until early to mid blastula stage when it seems they
are irreparably injured and unable to function properly even when
exposed to normal cytoplasm. These examples show that an
understanding of oogenesis is essential for a complete understanding
of the complex processes involved in early development.

Oocytes are also interesting in that they must retain the potential
to be able to give rise to all somatic cell types. Any mechanism to
control gene expression introduced during oogenesis must therefore be
such that it does not interfere with this potential. The potential of
the nuclei from various somatic cell types, including differentiated
adult skin cells, to support a normal programme of development has
been tested by microinjection of the nucleus into enucleated recipient
eggs. The results indicate that the nuclei retain this potential (see
Gurdon (1974) for review). When cultured cell nuclei of Xenopus
laevis are injected into oocytes of the newt Pleurodeles waltlii the
injected nuclei change their pattern of gene expression as assayed by
2D gel electrophoresis of the proteins synthesised. Xenopus oocyte
specific genes are activated and cultured cell specific genes are
inactivated, the changes being dependent on gene transcription (De
Robertis and Gurdon, 1977)

Thus genes that become inactive during

cell differentiation can be reactivated in the absence of cell
division by normal components of the oocyte cytoplasm. Hence the
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process of gene inactivation does not apparently involve an
irreversible change.

Although mechanisms introduced during differentiation to control
gene expression can be reversed, it may be that during evolution
selective pressures to avoid synthesis of RNA molecules, which may not
be functional in oocytes, were not sufficient to override the cost of
devising a suitable repression mechanism of the relevant genes.

13 Synthesis and accunulation of RNA d u ring oogenesis
The growing oocyte has two problems, synthesising and storing RNA
and protein molecules for prolonged time periods to be used during
early development and synthesising RNA and protein to meet its own
"housekeeping" needs. Included in the first class are factors, or the
templates for factors, which can control the utilization of gene
products during early development. How these dual functions are
performed can be partially elucidated by examining synthesis and
storage of RNA and protein during oogenesis0 The synthesis and
storage of RNA during oogenesis has been studied extensively. The
major transcriptional products of previtellogenic oocytes are 4S and
5S RNA (Ford, 1971; Mairy and Denis, 1971; Thomas, 1974)

In contrast

vitellogenic oocytes sythesise and accumulate mainly 18S and 28S rRNA
(Mairy and Denis, 1971; La Marca et al, 1973; Colman, 1974; Brown and
Littna, 1964)

103(a) 4S and 5S RNA
4S and 5S RNA represent 70 to 80% of the total RNA of
previtellogenic oocytes0 5S RNA is synthesised in fifteen to twenty
fold molar excess over 18S and 28S rRNA in early previtellogenic
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stages, although this decreases to a three to four fold molar excess
at later prev -itellogenic stages. Enough 5S RNA is accumulated during
previtellogenesis to allow a hundred fold increase in ribosome content
without need for further synthesis (Ford, 1971) 4S and 5S RNA are
both stored in a cytoplasmic ribonucleoprotein complex sedimenting at
42S (Ford, 1971; Denis and Mairy, 1972)

These particles contain more

than half the RNA and a quarter of the protein present in
previtellogenic oocytes. 50% of the 5S and 90% of the 4S RNA is stored
in these particles, about 1% of the 5S RNA is ribosome bound (Denis
and Mairy, 1972), and the remainder is held in a complex with protein
which sediments at 9S (Ford, unpublished results). Using a one
dimensional polyacrylamide gel system two major proteins are
detectable associated with the 4S and 5S RNA in the 42S particle.
With the onset of vitellogenesis the 42S particles represent a
progressively smaller fraction of the total subcellular UV absorbing
material, and become undetectable later in vitellogenesis0 Similar 4S
and 5S RNA ribonucleoprotein complexes are found in previtellogenic
oocytes of various teleost species (Mazabraud et al, 1975)

The 4S

and 5S RNA synthesised during previtellogenesis is stable over a
period of one to two years (Ford et al, 1977)

Oocyte 4S RNA shows differences in chromatographic profile from 4S

RNA of somatic cells, which gradually become less pronounced as
oogenesis proceeds (Denis et al, 1975)

Nuclease digest patterns of

4S RNA from oocytes differ from those of somatic cells and those from
42S particle 4S are different from soluble fraction 4S RNA (Ford and
Clarkson, unpublished results). These differences are consistent
either with progressive changes in modification of 4S RNA as oogenesis
proceeds or with transcription from different 4S genes.

112

Initiator tRNA from Xenopus oocytes has been sequenced and compared
with initiator tRNA from other animal species and from Xenopus liver
(Wegnez et al, 1975). The results indicate that most initiator tRNA
genes are active in oocytes and that these genes are identical.
Sequence differences between oocyte and somatic cell initiator tRNA
could not be detected and the sequence was the same as found in
various mammalian species. Since this isoaccepting species of tRNA
was the only one to show an identical chromatographic profile
throughout oogenesis and in somatic cells, no conclusion can be drawn
as to whether different gene sets are transcribed during oogenesis or
the modification pattern of nucleotides in tRNA is altered.

Sequence studies with Xenopus have shown that oocyte 5S RNA differs
from somatic cell 5S RNA by about 6 of 120 nucleotides (Ford and
Southern, 1973; Wegnez et al, 1972)

Somatic 5S RNA is synthesised in

oocytes but not accumulated (Denis and Wegnez, 1977)

In a 1 to 3 day

labelling period 15 to 20% of newly synthesised 5S RNA entering the
42S particles of previtellogenic oocytes is of the somatic type, but
no somatic type sequences are detectable in bulk unlabelled 5S RNA
from total ovary and vitellogenic oocytes0 This suggests that 5S RNA
function may be related to its sequence and this determines its
stability.

103(b) 18 and 28S rR4A
In previtellogenic oocytes there is little 18 and 28 S rRNA
synthesis, however with the onset of vitellogenesis synthesis and
storage begins of bóth ribosomal RNA and ribosomes0 18 and 28 S rRNA
constitutes most of the stable RNA synthesised in mid vitellogenic and
mature oocytes, so that in full grown oocytes over 90% of the total
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RNA is 18S and 28S (Ford, 1971; Mairy and Denis, 1971 ; La Marca et
al, 1973; Colman, 1974; Davidson et al, 1964; Brown and Littna, 1964)
Scheer (1973) measured a rate of accumulation of 18 and 28S rRNA of
about 76pg/rnin in growing Xenopus oocytes0 This value is about 6 fold
higher than that obtained by Anderson and Smith (1976) for mature
Xenopus oocytes. However La Marca, Smith and Strobe] (1973) reported
that the rate of RNA synthesis in stage 6 Xenopus oocytes is at least
as great as in stage 4 oocytes and that the qualitative pattern of RNA
synthesis in each is the same. Leonard and La Marca (1975) studied in
vivo synthesis and turnover of rRNA in stage VI oocytes of Xenopus
laevis and found rRNA was synthesised and turned over with a half life
of between 9 and 13 days. In the newt Triturus alpestris synthesis of
18 and 28S rRNA is about 001% in previtellogenic occytes and 13% in
mature oocytes when compared to mid vitellogenic oocytes0 Electron
microscopic examination reveals the changes in synthesis rates are
correlated with changes in transcriptional activity (Scheer etal,
1976)

In Xenopus both newly synthesised 5S RNA and 5S RNA stored

during previtellogenesis are incorporated into ribosomes during their
major period of accumulation in vitellogenic oocytes0 However the
newly synthesised 5S RNA is more rapidly incorporated (Mairy and
Denis, 1972)

103(c) Genes for 4S and 5S RNA
This differential accumulation of 18S and 28S rRNA compared with 4
and 5S RNA during oogenesis is reflected in the organization of the
genetic material for these transcripts. 4S and 5S RNA are both coded
for by highly reiterated genes. 4S RNA in Xenopus is coded for by 7800
to 9600 cistrons per haploid complement of chromosomes, representing
an average of about 200 genes for each of the 43 or 44 families of 4S
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sequences, although the degree of reiteration does vary for different
isoaccepting species of tRNA. For example the two methionyl tRNA's,
tRNA 1 met and tRNA2met are 310 and 170 fold reiterated
respectively. Interestingly these two methionyl tRNA's are present in
approximately equal amounts in the kidney cell, suggesting that the
concentration of a particular tRNA species is not merely governed by
its genomic redundancy (Clarkson et al, 1973a)0 The arrangement of
the reiterated tRNA genes has been studied and results indicate that
genes are linked to spacer DNA in separate and extensive gene
clusters, and that different clusters contain different spacer DNA
sequences (Clarkson et al, 1973b)0 Subsequently it was demonstrated
that cloned fragments of Xenopus laevis DNA containing two
tRNA 1 met genes as well as genes for several other tRNA species
were rapidly and correctly transcribed and processed when injected
into the nuclei of Xenopus laevis oocytes0 Cleavage of this tRNA
fragment by restriction endonuclease gave two fragments each of which
was capable of giving rise to a subset of the RNA species after
microinjection (Kressman et al, 1978)

These results show that the

genes for different tRNA species are intermingled and indicate that
they may be under separate transcriptional regulation.

5S DNA has been purified from Xenopus laevis and the genes found to
be present at about 24,000 copies per haploid complement of
chromosomes (Brown et al, 1971; Brown and Weber, 1968)

The genes are

linked with spacer DNA in repeating units which are found in clusters
at the telomeres (ends) of most of the chromosomes (Pardue et al,
1973)

This purified 5S DNA, which was later shown to be oocyte type

(Brownlee et al, 1974), has a regular alternation of AT rich with GC
rich sequence within each repeating unit of about 700 base pairs.

1.15

Although different repeating units are very similar to each other,
they may differ in length and in sequence detail. The GC rich region
contains a single 55 gene. Recently it has been shown to contain a
pseudogene identical to the first 101 base pairs of the gene in all
but 10 sites, but completely lacking the last 19 base pairs of the
gene (Jacq et al, 1977; Federoff and Brown, 1978; Miller etal, 1978)
The significance of this pseudogene remains to be determined. A
single repeat unit contains all the information for the correct
initiation and faithful transcription of the 5S gene, as demonstrated
by microinjection of cloned single repeat units into Xenopus oocyte
nuclei (Brown and Gurdon, 1977)

103(d) Genes

for 18 and 285 rRNA

In contrast to the genes for 45 and 5S RNA, in Xenopus the genes
for 18 and 28S rRNA are present at about 450 copies per haploid
chromosome set (Brown and Weber, 1968)

The genes are organised in

repeating units containing 18 and 28S DNA interspersed with spacer DNA
and are clustered on one part of a single chromosome the autosome
containing the "nucleolar organizer" constriction (Evans and
Birnstiel, 1968)

During oogenesis in a number of different species

including Xenopus the 18S and 28S rRNA genes are selectively amplified
and contained in multiple extrachromosomal nucleoli (for review see
Brown and Dawid (1968) and Davidson (1968, 1976))

Replication of

rDNA occurs mainly at pachytene in amphibian oocytes (Bird and
Birnstiel, 1971; WatsonCoggins and Gall, 1972)

Thus replication of

rDNA is already complete well before accumulation of rRNA begins.

The original copies used for ribosomal DNA amplification are
chromosomal (Brown and Blacker, 1972), thereafter synthesis is mainly
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from preexistent extrachromosomal ribosomal DNA by rolling circle
replication (Rochaix et al, 1974; Hourcade et al, 1973)

The DNA

contained in these extrachromosomal nucleoli is heterogenous in that
the spacers differ detectably in length (Wellauer et al, 1974)

In

Xenopus about 1500 extrachromosomal nucleoli, each containing several
gene sets of about 450 copies of the ribosomal genes, combine to give
a total number of 105x10 6 to 205x10 6 genes per oocyte, each with
a mass of about 30 pg per nucleus (Perkowska et al, 1968; Brown and
Dawid, 1968; Brown and Weber, 1968; Gall, 1968, 1969; Evans and
Birnstiel, 1968)

Upon breakdown of the germinal vesicle at maturation the multiple
nucleoli disappear and do not reappear when the nuclear membrane
reforms. rRNA synthesis has not been detected during early development
until gastrulation and at this stage the expected diploid number of
two nucleoli first appear. Thus although present in unfertilized eggs
the extra rDNA is not replicated during cleavage and must either be
degraded or diluted out by extensive nuclear replication.

Thus the oocyte employs two different mechanisms to accumulate the
store of 18S and 28S rRNA, 4S RNA and 5S rRNA used during early
development. 4 and 5S RNA are synthesised over a protracted period on
genes with high but fixed redundancy. 18 and 28S rRNA is synthesised
over a shorter period on genes, which although less reiterated, are
selectively amplified to give a much higher number of gene copies.
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L3(e) mRA0
The majority of eucaryotic mRNA's are characterized by a 3' poly A
sequence (Kates, 1970; Greenberg and Perry, 1972; Greenberg, 1975)
This provides a useful distinguishing feature by which the synthesis
and accumulation of this polyA RNA may be studied.

Rosbash and Ford (1974) measured the amount of poly A RNA
accumulated in various stages of Xenopus oocyte, by hybridization of
the poly A tail with tritiated poly U (Bishop et al, 1974)

The

amount of poly A4 RNA was found to increase during
previtellogenesis but remain relatively constant throughout
vitellogenesis and maturation despite a greater than fourfold increase
in RNA content per oocyte and a hundred fold increase in volume.

The majority of the poly A RNA is located in the cytoplasm. In
previtellogenic oocytes up to 70% is polysome associated (Darnbrough
and Ford, 1976), compared with less than 10% in mature oocytes
(Rosbash and Ford, 1974)

The remainder sediments heterogeneously

over a range 25 to 80S in complexes with protein (Rosbash and Ford,
1974; Darnbrough and Ford, 1976; Darnbrough, unpublished results).
Such messenger ribonucleoprotein complexes (mRNP5) were first
demonstrated in the embryos of sea urchins and fish (Spirin, 1966,
1969; Infante and Nemer, 1968)

They have now been shown to exist in

a wide variety of eucaryotic cells, both embryonic and somatic,
including Hela cells (Rosbash and Penman, 1971), reticulocytes
(Jacobs.=Lorena and Baglioni, 1972), myosin mRNA in muscle cells
(Buckingham, 1974; Buckingham et al, 1976), actin mRNA in embryonic
chick muscle (Bag and Sarkar, 1975), Drosophila tissue culture cells
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(Levy and Rizzino, 1977) and Drosophila oocytes and embryos
(Goldstein, 1978) In general the percentage of poly A RNA in free
mRNPs is lower in somatic cells than in oocytes0 For example in Hela
cells 75% to 80% of the poly U binding material cosediments with
polysomes (Jelinek et al, 1973; Rosbash and Penman, 1971)

The

polysomal rnRNA is also complexed with protein (Spirin, 1966, 1969)

As yet no clear role has been determined for these mRNP particles.
It is possible that they represent a. method by which the cell may
control which mRNAs are to be translated and which stored for later
use

There is evidence against such a mechanism operating in oocytes

and embryonic cells of certain species. Darnbrough and Ford (1976)
showed, using a cell free translation assay, that the coding
properties of mRNA in free RNPs is the same as polysome associated
mRNA in previtellogenic oocytes of Xenopus laevis0 If a cDNA copy
(synthesised using reverse transcriptase) is prepared from a
population of polyA RNA, then hybridisation of that cDNA to
homologous and heterologous polyA+ RNA populations can give an
estimate of the sequence homology between various polyA+ RNA
populations. Using this technique Goldstein (1978) carried out
hybridization studies on both polysomal and free mRNP associated poly
A+ RNA from mature oocytes and two early embryonic stages of
Drosophila. He found that there were no sequences uniquely present in
the free mRNPs. Although 3%4% of the polysomal sequences were not
contained in free mRNP5, this could be due either to cosedimentation
of large mRNPs with polysomes or to a preferential total utilization
of a small number of message sequences.
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A study of polysomal and free mRNP associated mRNA in sea urchin
embryos was carried out by Dworkin and Infante (1976) and Dworkin et
al (1977)

The kinetics of RNA accumulation and turnover are

inconsistent with free mRNPs being direct precursors to or degradation
products from polysomes, nor are they consistent with free mRNPs being
in simple equilibrium with the bulk of the polysomes although they may
be in equilibrium with a subclass of polysomes0 Support for a kinetic
subpopulation of mRNAs comes from kinetic studies on histone mRNA
which is shown to turn over differently to the bulk of polysomal mRNA0
They suggest that free mRNPs consist of a population of transcripts in
excess of what the translational machinery of the cell can handle.
Newly synthesised RNA is incorporated into both free mRNPs and
polysomes, although as development proceeds and the maternal mRNA pool
becomes relatively diminished, competition for entry into polysomes
decreases and the proportion of newly synthesised RNA that enters
polysomes increases.

Although the bulk poly A RNA of each fraction can initiate
equally well individual mRNAs may vary in this ability. Dworkin et al
(1977) suggest that histone mRNA, which is found almost exclusively in
the polysome region, may have a higher initiation rate constant than
the bulk mRNA0 A similar mechanism was proposed by Lodish (1974) to
explain why in reticulocytes, although cr globin mRNA is present in two
fold excess compared to p globin mRNA there is equal synthesis of both
globin chains.

Sedimentation pr6files of the two classes of RNA, with the
exception of histone mRNA are similar and heterogeneous indicating
that a wide size range of mRNAs are present in each fraction. In
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these examples the evidence is not consistent with sequestration
entirely in the mRNP region of sequences for later use. In the case
of Drosophila and sea urchin embryos however there may be preferential
accumulation of certain mRNAs in the polysome fraction.

Some reports have indicated that free mRNPs may be less
translatable than polysome associated mRNPs0 Jenkins et al (1978)
showed that free mRNPs prepared from sea urchins eggs in buffer
containing K+ produced little or no stimulation of a cell free
translation system even though RNA extracted from the particles was
shown to be fully translatable. Particles prepared from eggs in the
presence of Na+ or released from polysomes contained less protein
and were fully translatable. Civelli et al (1976) showed that 20S
mRNPs containing globin mRNA from duck erythroblasts did not stimulate
a wheatgerni cell free translation system.

A number of other studies have demonstrated that mRNPs from
cytoplasm as well as from polysomes were as effective as the isolated
mRNA in stimulating in vitro translation systems (for example Ernst
and Arnstein 9 1975; Sampson et al 1972; Chen et al, 1976; Jacobs
Lorena and Baglioni, 1972; Hendrick et al, 1974; Freienstein and
Blobel, 1974; Bag and Sarkar, 1975; Liautard, 1977)

That "masking" of maternal mRNA alone cannot be responsible for
limiting protein synthesis in the mature Xenopus oocyte was shown by
microinjection of giobin mRNA and measurement of incorporation of
radioactive amino acids into globin compared with oocyte endogenous
proteins (Laskey et al, 1977)

Competition was observed at all

injected mRNA concentrations and overall incorporation into protein
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did not increase, suggesting that the oocytes translational machinery
is saturated and not dependent on mRNA supply. Injection of polysomes
increased overall incorporation and competition was observed between
injected encephalomyocarditis viral RNA and globin mRNA indicating
that the limiting factor is a component of polysomes and is not
messenger specific.

Evidence from other cell types suggests the results obtained with
oocyte and embryonic mRNPs may not be universal. In Drosophila tissue
culture cells hybridization studies show that a significant proportion
of the total cytoplasmic poly A RNA sequences are found in free
mRNPs but not in the polysomes (Levy and Rizzino, 1977)

During

myoblast growth and differentiation the putative 26S myosin mRNP is
first stabilized and accumulated as free mRNP before its activation as
a messenger and recruitment into polysomes (Buckingham, 1974;
Buckingham et al; 1976)0

The poly A RNA synthesised in previtellogenic oocytes is stable
over prolonged time periods (Ford et al, 1977)

Incorporaton into

total RNA and polyA RNA of 3 H guanosine and 3 H uridine,
injected intra peritoneally into immature Xenopus laevis ovaries,
ceased after 15 to 20 days, but the total amount of radioactivity in
these RNA fractions did not decline appreciably over the next 18
months. Since redistribution of radioactivity from 4 and 5S RNA into
18 and 28S RNA did not occur, significant reincorporaton can be
dismissed (Ford etal, 1977)

The oocyte cytoplasm seems to provide a

favourable environment for mRNA stability as or and p globin mRNA,
injected into oocytes, were found to be stable for over two weeks
compared with a half life of a few days in intact reticulocytes
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(Gurdonetal, 1973)

Most of the total poly A RNA is therefore stably accumulated by
the onset of vitellogenesis before maximum extension of lampbrush
chromosomes. Lampbrush chromosomes represent sites of active
transcription (Callan, 1963)

Sommerville and Malcolm (1976) have

isolated the primary transcripts from lampbrush chromosomes of
Triturus in the form of nuclear ribonucleoprotein (RNP) particles.
Part of the very long RNA extracted from these nuclear RNPs is
informational, the remainder contains repetitive sequences.
Hybridization of cDNA made to Triturus mRNA with nuclear RNA and mRNA
showed that similar sequences are present in each, although the
kinetics of the reaction were consistent with the concentration of the
nucleotide sequences being different in the mRNA population. The
number of lampbrush loops as determined by cytological examination is
close to the predicted number of mRNA species.

Fluorescent antisera made to isolated proteins from these nuclear
RNP particles reacted specifically with the lampbrush loops. One
preparation reacted only with certain randomly distributed loop pairs
supporting the view that the unit of transcription of the lampbrush
chromosome is the lateral loop (Scott and Sommerville, 1974)

Most of

the nuclear RNA is heterogeneous in size ranging from 40 to 100 S and
has a low GC content; in these respects it resembles hnRNA
(Sommerville, 1973)

RNA synthesis cofltinues throughout oogenesis0 Although most of the
RNA synthesised in stage IV and stage VI Xenopus oocytes is ribosomal
(La Marca et al, 1973; Colman, 1974), poly A RNA is also

1.23

synthesised (Dolecki and Smith, quoted by Davidson, 1976; Turner,
1978). Synthesis of poly A 4 RNA in stage VI oocytes is at least as
great as in stage IV oocytes, which are in mid=lampbrush stage (La
Marca et al, 1973)

However much of the poly A4 RNA synthesised by

stage VI oocytes may be mitochondrial (Turner, 1978)

Measurement of

the rate of poly A4 RNA synthesis coupled with the fact that most
poly M RNA has been accumulated before the onset of vitellogenesis
means that turnover of a fraction of poly A4 RNA must occur.

There is some evidence that the coding properties of the mRNA
population does not significantly alter during oogenesis in Xenopus,
in addition that oocytes contain mRNA sequences for proteins which one
would not expect to be functional in oocytes and that the majority of
oocyte sequences are not specific for early development. Using
cDNApolyA4 RNA hybridization, Perlman et al (1977) assayed ovary
poly A4 RNA for the presence of adult and tadpole globin sequences
and found both present at approximately half the concentration of the
majority of poly A containing ovary sequences. The swimming tadpole
stage contains adult sequences at about the same concentration as the
mature oocyte but there is at least a 300 fold increase in tadpole
sequences. Since mouse globin mRNA injected into embryos persists
until the tadpole stage (Gurdon et al, 1974), adult globin sequences
transcribed during oogenesis may be stable throughout early
devel opment0

Hybridisation analysis indicated that approximately 20000 different
polyM sequences an present in the mature Xenopus oocyte, 5% of
which are about 15 fold more abundant than the remaining 95% (Perlman
and Rosbash, 1978)

The average concentration of the less abundant
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class is 1.2x10 6 copies per cell and the more abundant 2x10 7
copies per cell. These sequences were found to be the same in early
vitellogenic oocytes (stage 4), mature oocytes (stage 6) and a
population of asynchronous oocytes from unfractionated ovary.

The majority of ovary cONA was able to anneal with cytoplasmic
polyA

RNA from tissue culture cells and tadpoles indicating that

most of the ovary sequences are also present in somatic cells. A
major difference between ovary and somatic cell

polyA+ RNA was the

appearance of a new very abundant component in somatic cells,
presumably representing sequences which are actively transcribed
during early development (Perlman and Rosbash, 1978)
of somatic cell cDNA to ovary polyA

Hybridisation

RNA indicated that the oocyte

contains most of the sequences present in somatic cells but that about
3000 sequences present in tadpole cytoplasmic polyA

RNA are absent

from the oocyte0

Darnbrough and Ford (1976) examined the coding properties of poly
A+ RNA from various stages of Xenopus oocyte, using a wheat germ
cell free translation system to assay the changes. They found that
although the pattern of proteins synthesised by oocytes cultured in
vitro alters significantly during oogenesis, no changes were
detectable in the pattern of cell free translation products
synthesised from total

poly A

RNA templates of various oocyte

stages from previtellogenic to mature. The same result was reported
by Ruderman and Pardue (1977)

Thus the available evidence indicates that the coding properties of
the mRNA population do not significantly alter during oogenesis and
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that transcription of sequences not specific for early development
also occurs. However the possibility that some minor changes do occur
cannot be dismissed.

1.4 Protein synthesis and accumulation during oogenesis
In comparison to studies on RNA the synthesis and accumulation of
protein during oogenesis has received little attention. Occyte
proteins can be divided into several classes. There are those
proteins which are involved in the normal housekeeping routine of
the cell, which are synthesised throughout oogenesis and are probably
not specific to the oocyte0 The various metabolic enzymes and
structural proteins required for cell maintenance are amongst the
proteins which would fall into this class.

As has previously been discussed oogenesis is a period when various
molecules are synthesised and stored for use during early development.
A second class of oocyte proteins are those which are associated with
the storage of transcriptional products during oogenesis0 The
ribosomal proteins could be considered to fall in this class as well
as those associated with the storage of 4S and 5S RNA and mRNA0

Various protein products are also accumulated during oogenesis in
excess to the requirements of the oocyte to meet the exceptional
demands of the developing egg. The presence in the mature X0laevis
oocyte of a pool of histones, RNA polymerase and DNA polymerase (see
this chapter) has been demonstrated and other proteins which may be
accumulated can be 4nvisaged0 These proteins may also be associated
with storage proteins. There is evidence that oocytes contain factors
which play a role in controlling gene expression during early
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development for example the O factor is thought to be a protein
stored in the oocyte nucleus (see this chapter).

In addition to the "housekeeping" proteins and those involved in
some way in the accumulation of molecules for use during early
development there may be a class of oocyte proteins which are
synthesised only at particular stages of oogenesis0 These may be
involved in regulation of gene expression or otherwise functional only
at certain stages of oogenesis0

Studies on protein synthesis and accumulation during oogenesis in
Xenopus laevis have shown, using one dimensional gel analysis, that
the major proteins of previtellogenic oocytes are those associated
with 4S and 55 RNA containing 42S RNP particles (Ford, 1971; Denis and
Mairy, 1972)

During oogenesis the pattern of protein synthesis

changes significantly (Darnbrough and Ford, 1976)

It is not possible

to say from this study whether synthesis of the 42S particle proteins
continues in mature oocytes, but if it does it represents a much
smaller fraction of the total protein synthesis than in
previtellogenic oocytes0 Delaunay et al (1975) using a two
dimensional gel system identified two major and two minor protein
components from the 42S particles. They established that they did not
co-run with any ribosomal proteins and that they were all basic
proteins. Darnbrough (unpublished results) identified a number of
putative mRNP proteins from previtellogenic oocytes0 On the basis of
position of sedimentation and binding to oligo dt cellulose he
identified 4 to 5 main proteins using a one dimensional gel system.
Again it was not possible to determine whether the proteins were
present in later oocyte stages using a one dimensional gel system.
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Hallberg and Smith (1975) measured the percentage of total labelled
protein incorporated into ribosomal subunits at different oocyte
stages.. They found the percentage reached a peak in mid oogenesis
when about 30% of total labelled protein was ribosomal..

Two dimensional gel analysis of acidic and neutral proteins
synthesised by mature oocytes of X,laevis has been carried out by De
Robertis and Gurdon (1977) and De Robertis et al (1977).. They
identified two of the major proteins as actin and tubulin.. De
Robertis et al (1978) analysed germinal vesicle (GV) labelled proteins
and demonstrated that a preparation of labelled GV proteins when
injected into the cytoplasm of oocytes was selectively taken up into
the GV.. Actin was found in both GV and cytoplasm in intact oocytes
and when microinjected into the cytoplasm.. Clark and Merriam (1977)
demonstrated that actin constitutes about 6% of the total nuclear
protein, 75% is diffusible the rest is stabily associated with an
insoluble nuclear gel of which actin is the most predominant
component..

Although these studies have shown that changes in protein synthesis
occur during oogenesis they have not established exactly what the
changes are.. For example one might ask whether the observed
difference between previtellogenic and full grown oocytes is merely
the result of elevated synthesis of certain proteins as oogenesis
proceeds or whether there are proteins which are synthesised only at
certain stages of oogenesis..
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15 Objectives of this thesis
The objectives of the experiments described in this thesis were to
improve our understanding of the two major aspects of oogenesis
discussed in this introduction, firstly in understanding the storage
of RNA and protein molecules during oogenesis for use during early
development, and secondly in elucidating how the oocyte controls
changes in its pattern of gene expression.

As discussed previously oocytes must retain the potential to be
able to give rise to all somatic cell types, thus any mechanism
introduced during oogenesis to control changes in gene expression must
not interfere with this potential. One possible model of the control
of gene expression during development would be to propose that in the
oocyte all genes are actively transcribed but as development proceeds
and differentiation of cells with specialised functions occurs some
genes are "switched off" and others more actively "switched on". The
observation that in X0laevis oocytes,adult and tadpole globin mRNA
(the protein products of which might be considered specific for
terminally differentiated cells) are present at about half the
concentration of the majority of polyA4 RNA sequences (Penman et
al, 1977) could be considered to support this model. In addition
Penman and Rosbash (1978) have demonstrated that the majority of
oocyte polyA4 RNA sequences are shared with tissue culture cells
and tadpoles. In the sea urchin the diversity of the structural gene
transcripts being translated in the embryo gradually decreases from
oocyte to pluteus (Galauetal, 1976)

Embryo polysome associated

mRNAs were later shown to be mainly newly synthesised transcripts
indicating that the sequence homology was due to active transcription
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of the same structural gene sets rather than persistence of maternal
mRNA (Galauetal, 1977). Although single copy DNA made to blastula
mRNA reacted with only 12% of the cytoplasmic RNA from adult intestine
it reacted to the same extent with nuclear RNA from adult intestine,
adult coelomocytes and gastrula embryos as with polysomal mRNA from
blastula embryos (Wold et al, 1978). This indicates that the major
mechanism controlling which mRNAs are present in the cytoplasm of the
sea urchin may act at a post transcriptional level.

It is therefore of obvious importance to understand at what level
changes in protein synthesis during oogenesis are controlled and what
the controlling factors are. The available evidence indicates that
the coding properties of the polyA RNA population does not alter
significantly during oogenesis implying that changes in protein
synthesis are controlled at a translational level. To verify this
implication it would be useful to study translation and transcription
of particular protein products. Of special interest would be proteins
whose synthesis could be detected only at certain stages of oogenesis.
Previous studies of protein synthesis during oogenesis have indicated
that changes do occur and have identified the 42S particle associated
proteins as being a class whose relative synthesis decreases as
oogenesis proceeds.

The study of changes in subcellular distribution of 4S and 5S RNA
during oogenesis described in chapter 3 was carried out to establish
whether the actual amount of RNA stored in the 42S RNP particles does
alter during oogenesis or whether as oogenesis proceeds the 42S RNP
particles merely become obscured by the massive accumulation of
ribosomes which oocurs during vitellogenesis. This made it possible

1.30

to identify a change in the method of storage of 4S and 5S RNA and
also provided some useful background information for the two
dimensional gel analysis which identified changes in protein synthesis
occuring during oogenesis as described in chapter 5
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* CHAPTER 2 *
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Most Xenopus laevis and Xenopus borealis toads were obtained from
Xenopus Ltd., Redhill, Surrey, but some immature animals were reared
from laboratory matings. Radiochemicals were from the Radiochemical
Centre, Amersharn0 Common reagents used were "Analar" grade whenever
possible, usually obtained from BDHO The source of other reagents,
enzymes and materials is indicated in the text. Inorganic buffers
were millipore filtered and sterilized by addition of 0.01% DEP
(diethyl pyrocarbonate) and heating at 60 0C for 4 hours.

22 Qmgm ©f9L-u ocmp us
Animals were maintained at 20 0 C in a controlled daylength
environment. Immature animals were fed small size pellets daily and
mature animals large size pellets (Xenopus Ltd) weekly and chopped
sheeps liver weekly. Aquaria water was changed weekly.

23 Prat
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a) Vitellogenic oocytes
Fragments of mature ovary were washed in modified Barth X medium
(Barth and Barth, 1959) (see section 2.23). Oocytes were isolated
from the connective tissue either using watchmakers forceps or
disaggregating the tissue by gentle agitation in modified Barth X
medium containing 2mg/ml collagenase (Sigma) 20mM EDTA (pH 7,5) for 30
to 40 minutes, They were then washed five or six times in fresh
medium before being sorted into different size classes; this manual
task was facilitated by filtration through an appropriate size of
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nylon mesh.,

b) Previtellogenic oocytes
Immature ovaries were washed in modified Barth X medium and the
tissue disaggregated by magnetic stirring gently for 10 to 15 minutes
in modified Barth X medium containing 10mg/mi collagenase, 10mg/mi
hylauronidase (Sigma) and 20mM EDTA (pH 75)

Isolated oocytes were

washed thoroughly in fresh Barth X medium and the number estimated by
counting a small sample volume by phase contrast microscopy.

f©
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Follicle cells were manually removed from full grown oocytes using
sharpened watchmakers forceps under a light microscope (x400)

This

procedure was facilitated by first incubating oocytes for 2 to 3
minutes in modified Barth X medium containing an additional 60mM NaCl
and 2mg/mi coilagenase,

Previtellogenic oocytes prepared by the method described in section
203(b) were found to be essentially free from follicle cells when
examined under the phase contrast microscope.

2
a) Preparation of gradients
Gradients were prepared using a standard gradient maker. They were
poured by pumping the sucrose, more dense solution first, down the
side of the centrifuge tube. Generally gradients were poured
immediately before use but no significant reduction in resolution was
observed if they stood overnight.

22

Analysis of sucrose gradients
After centrifugation (section 205(c and d)) gradients were
analysised by pumping through an ISCO 222 UV analyser. Fractions were
collected as indicated in the text.

Separation of isolated oocyte classes into subcellular
fractions by sucrose gradient centrifugation
After the initial oocyte preparation all steps were carried out at
temperatures between 0 0 C and 4 0 00

Isolated oocyte classes were

homogenised by several strokes in a cooled Teflon glass Dounce
homogeniser in the following buffer: 14mM Iris HC1 (pH 75), 36mM KC1,
007mM MgCl 2 , 0025M sucrose, 20ug/ml cycloheximide, 50ug/ml dextran
sulphate, 005mM dithioerythritol0

Following a 10 minute centrifugation at 20,000g in the Sorvall HB4
swing out rotor to pellet cell debris and yolk, the supernatant was
layered onto 12m1 or 60m1 17 to 50% sucrose gradients in TKM buffer
(20mM Tris41C1 (pH 75), 50mM KC1, 1mM MgC1 2 ). Generally sample
volumes of lml for 14m1 tubes and 2m1 for 65ml tubes were applied.

Gradients were centrifuged for 4 hours at 40,000rpm in the MSE
6x14m1 Titanium swing out rotor or for 16 hours at 23,000rpm in the
MSE 3x65ml Aluminium swing out rotor.

Fractionation-of total RNA by sucrose gradient centrifugation
RNA, prepared as described in section 26, was collected by ethanol
precipitation and centrifugation at 20,000g for 10 minutes in the
Sorvall HB4 swing out rotor. The pellet was dissolved in NETS buffer
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(100mM NaCl, 10mM TrisHCl (pH 75), 10mM EDTA (pH 75), 02% SDS) and
heated to 60 0 C for a few minutes to dissociate aggregates prior to
loading onto 12ml or 60m1 730% sucrose gradients in NETS buffer. Up
to 10 Optical Density Units (ODU) per 12m1 gradient or 30 to 50 ODU
per 60m1 gradient were loaded.

Gradients were centrifuged at 26 0 C for 4 hours 30 minutes at
40,000rpm in the MSE 6x14m1 Titanium swing out rotor, or for 18 hours
at 23,000rpm in the 3x65ml MSE Aluminium swing out rotor. Peaks
corresponding to 4 plus 5S, 185 and 28S RNA were collected and the RNA
precipitated with 25 volumes of ethanol at 20 0 C overnight.

2.6 Etrt©

©f IM

(a) From tissue
Oocytes or livers were homogenised in approximately 5 volumes of
modified Kirby buffer (Kirby, 1965) pH 9 (see section 223) and
extracted with an equal volume of water saturated phenol/14% cresol.
The aqueousand organic phases were mixed for about 10 minutes at room
temperature then separated by centrifugation at 20,000g for 10
minutes. The organic phase was re-extracted with an equal volume of
Kirby's buffer until a clear interface was obtained. The aqueous
phase was then re-.extracted after addition of 01 volume of 3M NaCl,
10mM EDTA, 100mM TrisHCl (pH 9) and RNA was ethanol precipitated from
the aqueous phase of this extraction. The precipitate was collected
by centrifugation at 20,000g for 10 minutes and traces of phenol were
removed by washing with 70% ethanol before redissolving in the
appropriate buffer. The amount of RNA present was estimated by
measuring the optical density of the solution at 264nm0 One ODU is
equivalent to 4205,ug RNA.
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(b) From sucrose gradient fractions
Gradient fractions were made to 100mM Tris..HCl pH 9.0, 100mM NaCl,
10mM EDTA, 0.5% SOS and were extracted with an equal volume of
phenol/choroform (1:1). After mixing at room temperature for about 10
minutes the aqueous and organic phases were separated by
centrifugation and RNA was ethanol precipitated from the aqueous
phase.

of 4S
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Stock solutions of recrystallised acrylamide 15%, recrystallised
bisacrylamide 0.375% and RNA gel buffer (5 times= 180mM Tris=HCl,
160mM NaH 2 PO4O2H 2 0, 5mM EDTA pH to 7.8 with HC1) were kept. The
acrylamide solution was stored in the dark at 4 0 C and freshly made
each month. These solutions were mixed to make gels of composition
12% acrylafflide, 0.3% bisacrylamide and one times the electrode buffer.
The gel solution was degassed then 50ul of 10% ammonium persuiphate
and lOul TEMED per lOmi of solution added to catalyse the
polymerisation reaction. Gels were poured in perspex tubes 12cm by
0.9cm sealed at the bottom with parafilm, allowing 6.5m1 of solution
per tube. After overlaying with 50,jil H 2 0 gels were left to
polymerise for at least 4 hours. Prior to electrophoresis the water
overlay was removed, the parafilm was replaced with muslin held in
position with rubber bands and gels were fitted in a standard tube gel
apparatus. The top and bottom tanks were filled with one times RNA
gel buffer plus 0.2% SOS, the electrodes were connected with the ve
terminal in the top tank and gels were prerun for 30 minutes at 4mA
per gel. RNA was then loaded through the electrode buffer in sample
buffer containing electrode buffer plus 0.2% SOS, 10% glycerol and
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bromophenol blue. Electrophoresis was continued at 8mA per gel until
the marker dye reached the bottom of the tubes. Gels were extruded
from their tubes by gently applying air pressure and after washing in
distilled H 2 0 were scanned at 265nm using a Gilson spectrophotometer
with a gel scanning attachment.

of
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Acrylanide
Chloroform was heated to 50 0 C and 70g acrylamide per litre
added. The temperature was returned to 50 0 C and the hot solution
filtered and then left in ice water for several hours to allow
recrystallisation to occur. The crystals were collected by
filtration, washed with cold chloroform and air dried.

Bisacrylamide
Bisacrylamide was recrystallised from boiling acetone at a
concentration of lOg/i using the same procedure as described for
acryl amide

2.9 Preparation of 4S RNA
(a) By elution from polyacrylamide gels
4S RNA was located on gels run as described in section 27 by
comparison with the scan at 265nm of a gel loaded with E0coli 4S RNA
and run in parallel. The section containing 4S RNA was sliced out of
frozen gels, cut into small pieces and homogenised in the following
buffer, 400mM LiCl, 50mM NaAc pH 50 and 05% SDS, in a teflon glass
dounce homogeniser. After incubation for 45 to 60 minutes at room
temperature the acrylamide was centrifuged down and RNA was ethanol
precipitated from the supernatant in the presence of 0.1M NaCl.

2.6

(b) By sephadex G100 chromatography
A mixture of 4 plus 5S RNA, prepared by sucrose gradient
centrifugation, was loaded in 1m1 of RNA column buffer (see section
223) onto a 70x1.5cm sephadex G100 column which had been pre
equilibrated with the same RNA column buffer. The column was run at a
rate of lOnil/hour, the eluant passed through an LKB uvicord 1 recorder
and imi fractions collected,. Fractions corresponding to the 4S RNA
peak were pooled. 4S RNA prepared by either this or the method
described in section 209(a) could be further purified by DEAE 52
cellulose (Whatman) chromatography as described below. Columns of
001m1 bed volume were poured on top of a glass wool plug in a lml
plastic syringe. The column was pre equilibrated with 1xRNA column
buffer and RNA either directly after G100 chromatography or recovered
by ethanol precipitation was loaded in the same column buffer. The
column was washed until the optical density reading of the eluant was
zero, and RNA was eluted with lOxcolunn buffer then ethanol
precipitated. The 4S RNA prepared by G100 chromatography was checked
for contamination with 5S RNA by running on polyacrylamide gels and
scanning at 265nm0

The tRNA prepared by both methods was assumed to have been
deaminoacylated in the initial RNA extraction procedure at pH 9..0
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Oligo(dT) cellulose (grade T2 or T3 Collaborative Research Inc)
was poured in columns of 005ml bed volume in 2ml plastic syringes with
a plug of siliconised glass wool. Column buffers contained 10mM
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Tris-HC1 pH 7.6, 1mM EDTA and 0.1% SOS. Initially the column was
equilibrated with column buffer plus 0.4M NaCl and the RNA was loaded
at a concentration of 10 to 50 ODU/mi in this same "binding" buffer.
A maximum of 50 ODUs was applied and constant flow rate of 0.5 to
lml/minute maintained. The column was washed through with another lml
of "binding" buffer then the unbound material reloaded and the column
washed through with 2m1 of "binding" buffer. Bound poly A RNA was
eluted from the column with column buffer containing no NaCl, Between
samples the column was washed with, and was also stored in 0.1M NaOH,
The bound fraction was made to 0.4M NaCl and the column procedure
repeated to achieve further purification. This twice bound fraction
was made to 0.1M NaCl then ethanol precipitated.
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The method used was essentially as described by Roberts and
Patterson (1973) with some modifications introduced by Dr,C.Leaver.
Wheatgerm was a gift from Dr.M.Rosbash and was stored with dessicant
at 0 to 4 0 C.

All steps in the procedure were carried out between 0 and 4 0C.
Ten grammes of wheatgerm were ground with an equal weight of acid
washed powdered glass in a chilled mortar. 26 ml of column buffer
(20mM TrisAcetate pH 7.6, 120mM KAcetate, 5mM MgAcetate, 1mM OTT) was
slowly added and mixed with the wheatgerm. After centrifugation for
15 minutes at 23,000g the supernatant was collected avoiding a layer
near the surface fat and near the pellet. This procedure was repeated
then the supernatant loaded onto a 50x2.5cm sephadex G25 medium
(Pharmacia) column which had been pre equilibrated with the column
buffer. All fractions with an OD reading at 260nm above 0.5 for a
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1/200 fold dilution were pooled. After centrifugation at 23,000g for
15 minutes the supernatant was dialysed overnight against several
changes of column buffer. The extract was then centrifuged again
prior to storage in 2001 l aliquots in liquid nitrogen.
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Incubations were carried out at 25 0 C in 30x6mm siliconised glass
tubes. The final concentration of components in the mixture were 10
to 50% (v/v) wheatgerm S30 extract, 70 to 110mM KC1, 2 to 3mM
MgCl 2 , 20mM HEPES pH 75, 0 to 005mM spermidine, 1mM ATP (Sigma),
50,uM GTP (Sigma), 8mM creatine phosphate (Boehringer), 100g/ml
creatine phosphokinase (Boehringer), 2mM DTE (Sigma), 25,um each of the
appropriate L amino acids (Sigma), radioactive amino acids and RNA
template as indicated in the figure legends.

Each wheatgerm extract was optimised for the concentration of S30,
Mg++ , K+ and spermidine added to the reaction mixture (see
chapter 4)

The components of the reaction were stored in 200p1

aliquots at 20 0 C in the following mixtures:
x20 salts, KC1, MgC1 2 , HEPES and spermidine,
x20 energy, ATP, GTP and creatine phosphate. This solution was
made by dissolving the ATP and GTP on ice, adjusting the pH to 75
with KOH, then adding the creatine phosphate and making up to volume,
x20 amino acids, including 19 unlabelled amino acids and 10mM
DTE,
x50 creatine phosphokinase, made up in 50% glycerol,
x50 DTE
All solutions were millipore filtered before storage. Incubations
were set up by mixing together the above components in the correct
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proportions on ice then adding labelled amino acid (usually 35 S
methionine), S0030 extract (rapidly thawed), and RNA template in
sterile distilled water at a concentration of 1mg/mi. The incubations
were then transfered to a 25 0 C water bath.

2.13 Prctet n synthests assays
Samples (usually 2,ul) were removed from wheatgerm cell free
translation incubations, using a Hamilton lOul syringe, and delivered
into 005ml H 2 0. The syringe was washed out in this H20, several
times in two beakers of H 2 0 and the syringe tip dried before the
removal of other samples. 005m1 of 1M NaOH containing lOmg/ml
methionine (or 1mg/mi of any other amino acid used as radioactive
amino acid in the wheatgerm reaction) and 200ug/ml BSA was added to
the 005rn1 H200 These tubes were incubated at 37 0 C for 10 minutes
then lml of ice cold 25% TCA added and the tubes left on ice for 10 to
20 minutes to allow protein precipitation. The precipitate was
collected on 205cm diameter Whatman GF/C filters and washed with about
5m1 of 5% TCA then with a little ethanol before drying at 60 0 00
Filters were counted, using 8g/1 butyl.PBD in toluene as scintillant,
in a Beckman scintillation counter with counting efficiencies of 75%
for 35 S methionine and 17% for 3 H0
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The procedure of Clarkson et al (1973a) was used without
significant modification. After the initial tissue isolation all
steps in the procedure were carried out between 0 and 4 0 00

Livers

taken from immature animals were rinsed in Barth X then approximately
5g from 12 animals homogenised - in a teflon glass Dounce homogeniser in
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3 volumes of the following buffer: 10mM Tris-HC1 pH 7.8, 10mM MgC1 2 ,
10mM p mercaptoethanol, 250mM sucrose and 10% glycerol. The
homogenate was centrifuged at 20,000g for 15 minutes and the
supernatant from this at 100,000g for 2 hours in the MSE 6x5ml
Titanium swing out rotor. This supernatant was then loaded onto a
100x2cm sephadex G100 (Pharmacia) column, which had been pre
equilibrated with 10mM KPO 4 pH 7.5, 1mM MgCl2, 20 mMp
mercaptoethanol and 10% glycerol. The column was run at a flow rate
of 10 ml/hour, the eluant passed through an LKB uvicord 1 recorder and

go drop fractions collected using an LKB fraction collector.

Fractions corresponding to the first protein peak and front half of
the second protein peak were pooled and loaded onto a 2x7cm DEAE 52
cellulose column equilibrated with the same buffer as the G100 column.
The column, was washed at a flow rate of 80m1/hour until the eluant
showed negligable absorbance and the synthetase fraction then eluted
with 250mM KPO 4 pH 6.5, 1mM MgC12, 20mM p mercaptoèthanol and 10%
glycerol. The enzyme was stored in lOOpl aliquots in liquid nitrogen.
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Aminoacylations were carried out at 25 0 C in 30x6mm siliconised

glass tubes. The final concentration of components in the reaction
mixture were amino acyl tRNA synthetase 10 to 50% v/v, 30mM KC1, 4 to
20mM MgCl 2 , 20mM HEPES pH 7.6, 0,25mM spermidine, 5mM ATP, 50uM GTP,
8mM creatine phosphate, lOOpg/ml creatine phosphokinase, 2mM DTE,
radioactive amino acids and tRNA at concentrations as described (see
chapter 4). The enzyme preparation was optimised for the
concentration of enzyme, amino acid and Mg++ added to the reaction
(see chapter 4). Components of the reaction were made up in the same
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mixtures as described for wheatgerm reaction components and were
stored in 200,ul aliquots at .20 0 00

The mixtures were as follows

x20 salts, K, Mg*f, spermidine and HEPES
x20 energy, ATP, GTP, and creatine phosphate
x20 amino acids, if a 3 H amino acid mixture was used as the
source of label cold amino acids were added to make the mixture to
equi specific activity. This made the 11 highest specific activity
amino acids to 10 Ci/mmole and the four lowest to 001 Ci/mmole0 The
effect of the 4 lower specific activity amino acids in the
aminoacylation was then assumed to be minimal0
x50 creatine phosphokinase
x50 DTE
The components were mixed in the correct proportions on ice then
radioactive amino acid, rapidly thawed enzyme preparation and tRNA
were added and the tubes transferred to a 25 0C water bath.
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After a 30 minute aminoacylation reaction tubes were transferred on
to ice and the reaction mixture made to 200mM NaAcetate pH 52, 05%
SDS, 10mM EDTAO An equal volume of phenol/14% cresol was added and
the aqueous and organic phases mixed for 2 to 3 minutes then separated
by centrifugation for 1 minute in a Jobling microcentrifuge model 320
Radioactive aniinoacyl tRNA was recovered from the aqueous phase by
ethanol precipitation in the presence of 0.1M NaCl. Recovery of
counts in aminoacyl tRNA was monitored by CTAB precipitation (see
section 2.17) of a sample from the initial aminoacylation reaction and
from the redissolved ethanol precipitate. In general recovery was
greater than 80%.

2.12
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CTAB (Cetyltrimethylammonium bromide) was used to precipitate
radioactive RNA samples whilst retaining protein in solution as
described by Darnbrough et al (1973). Up to 100p1 sample was diluted
into 0,5m1 of 2% CTAB and 0,5ml of 0.5M NaAcetate pH 5 containing
1mg/mi yeast RNA. After incubation at 30 0 C for 5 minutes to ensure
that the CIAB was dissolved, the precipitated RNA was collected on
2.5cm diameter Whatman GE/C filters and washed twice with about 5ml of
H20,. Filters were dried at 60 0 C then counted as described in
section 2,13.
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Cell free translation incubations were mixed with an equal volume
of the following buffer: 120mM Tris4lCl pH 6.8, 2% SDS, 2%,
mercaptoethanol, 20% glycerol and bromophenol blue and were stored at
=20 0 C until just before electrophoresis. Samples were heated to
100 0C for 2 to 3 minutes before being loaded onto the gel.

SDS polyacrylamide gradient gels using the system of Laemmli (1970)
were prepared and run as described in section 2.19. Separating gels,
16,2cm long by 18cm wide by 1.5mm thick, were made of a 10 to 15%
polyacrylamide gradient. A 3.6cm stacking gel was poured in which 17
slots were made. Samples were loaded through the electrode buffer
using a microcap. Molecular weight markers, Bovine serum albumin
(68,000 Mwt), ovalbumin (45,000 Mwt), penicillinase (29,000 Mwt) and
cytochrome C (12,000 Mwt) were run in parallel tracks. Gels were
stained, dried down and autoradiographed as described in section 2.20.

2.13
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Assembly of glass plates
For one dimensional SOS gels two plates 20x20x003cm were used. If
the SDS gel was to act as the second dimension of a two dimensional
gel system one plate 20x20x003cm and one plate 20x20x004cm with a
notch cut from one edge of dimensions 2xl6cm were used. The glass on
the long surface of this notch was ground to make a bevilled edge to
enable the first dimension gel to be more easily loaded between the
plates. The two glass plates were separated by perspex spacers which
were lightly greased with apiezon grease. The dimensions of the side
spacers were 19xlxO015cm and of the bottom spacer 20x1x0015cm0 Two
flexible pieces of rubber tubing lightly greased at one end were
inserted one either side between the bottom and side spacers. The
assembled glass plates were held in position by bulldog clips.

Preparation of gel solutions
The system of Laemmli (1970) was used. Stock solutions as
described below were kept.
30% acrylamide, 02% bisacrylamide stored in the dark at 4 0 C and
used within one month of preparation.
5x separating gel buffer, 10875M Tris.HCl pH 88
lOx stacking gel buffer, 006M TrisHC1 pH 68
10% ammonium persuiphate, freshly made fortnightly
10% SOS
All solutions were millipore filtered. Gel solutions were prepared by
mixing stock solutions in the proportions shown in Table 21 10%
glycerol is included in the more dense acrylamide solution to
stabilise the gradient before polymerisation. The acrylamide Tris,
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H20 and glycerol were mixed together then degassed before adding the
SOS. Ammonium persuiphate and TEMED were added just before pouring
the gel to catalyse the polymerisation.

(c) Pouring gels
Separating gels
Gradient gels were poured using a standard gradient maker. The
outflow from the gradient maker was divided in two and pumped, less
concentrated solution first, via two perpex pumps (whose flow rate had
been equalised), through the small pieces of rubber tubing (inserted
between the bottom and side spacers) into the space between the glass
plates. After the gel had been poured, pumps were switched off, the
rubber tubing clamped off and pumps disconnected. The surface of the
gel was overlayed with H20 and left to polymerise. For 1-0 gels
2205m1 of acrylamide solution was used in each chamber of the gradient
maker and 20m1 if the gel was to be used as the second dimension of a
2-0 gel system

Stacking gel
The water overlay was removed from the separating gel and the
surface dried with tissue paper

lOml of stacking gel was prepared and

poured on top of the separating gel either to level with the bottom of
the notch in the glass plate or to just below the top of the plates if
a 1-0 gel was being run; in the latter case a perspex slot former was
inserted into the stacking gel0

Again a water overlay was applied and

the gels left to polymerise
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(d) Running gels
The bottom tank of a standard slab gel apparatus was filled with
Laemmli electrode buffer (5x is 144g/l glycine, 30g/l iris, 05% SOS).
The bottom spacer was removed and the gel positioned in the bottom
tank taking care not to trap air bubbles under the gel. If one plate
with a notch cut out was used in the gel assembly this was clamped
against the top tank, with a Bio Rad top tank gasket forming a seal
between the tank and the glass plate. In this assembly the first
dimension gel was loaded as described in section 2022(b), the top tank
was then filled with Laemmli electrode buffer and the electrodes
connected. If a 1D gel was being run, the slot former was removed,
and the space left filled with electrode buffer through which the
samples were loaded. The gel assembly was balanced against the top
tank and electrical connections between the top tank electrode buffer
and the gel made via two strips of Whatman 3mm paper. The electrodes
were connected ve to the top tank, +ve to the bottom and gels run at
a constant current of 12mA until the tracking dye reached the bottom.

2
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(a) Staining
Gels were fixed for approximately 1 hour in 50% methanol, 10%
acetic acid to leach out SOS which interferes with the staining
procedure. They were then stained for 2 to 3 hours in 50% methanol,
10% acetic acid, 01% Comassie brillant blue. Destaining was carried
out in 5% methanol, 10% acetic acid with several buffer changes until
the background stained level of the gel was reduced to an acceptable
level. Used destain was regenerated by storage with Dowex 300 ion
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exchange resin. Stained gels were photographed on a light box using
Ilford FP4 film which was developed in microphen developer.

Impregnation of gels with PPO
Fluorography was performed on two dimensional gels the first step
of which involves impregnation of gels with PPO as described by Bonner
and Laskey (1974)

Gels were first rinsed with water then soaked for

30 minutes in two successive DM50 (dimethyl suiphoxide) washes, each
of which contained about 20 gel volumes. These washes were reused in
sequence 6 to 8 times. Gels were then soaked for 3 hours in 4 volumes
of 222% (w/v) PPO (International Enzymes Ltd) in DMSO and finally the
PPO was precipitated in the gel by soaking in approximately 20 gel
volumes of H20 for an hour. Gels were then dried down and exposed
to X-ray film as described in sections 2020(c and d)0 Excess PPO was
recovered from the DMSO by precipitation with 3 volumes of 10%
ethanol. After standing for 10 minutes the precipitate was collected
by filtration, washed with 20 volumes of H 20 then dried over
H2SO4 in a desiccator.

Drying down gels
Gels were placed flat on a sheet of Whatman 3mm paper and covered
with a sheet of polythene. They were then placed polythene sheet side
down on an aluminium plate over a boiling water bath. The gel was
then covered with a sheet of vyon, smaller sheets of polythene then
vyon were placed on top in the centre of this arrangement. The
assembly was completed by covering with a rubber mask clamped down
with perspex strips. Connection to a water pump was made via a length
of rubber tubing inserted through the rubber mask. When no more
liquid was seen in the tubing the gel was dry and the polythene sheet
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could easily be peeled off.

(d) Exposure to X-ray film
Dried down 1-D SDS gels were exposed to Agfa RP 1 X-ray film at
room temperature for times as indicated in Plate legends. The film
was developed in M + B "Polycon developer.

2.D gels were exposed to Kodak X Omat XH1 film which had been
prefogged to an absorbance of 001 to 02 above the background fog
level of untreated film as described by Laskey and Mills (1975)

This

was achieved by exposing film to a single flash from a flash gun
covered with an orange filter to reduce light output. To overcome
slight variation in capacitance charging the flashgun was used 30
seconds after illumination of the charging lamp. The flashed side of
the film was put in contact with the gel and exposed at 70 0 C for
times as indicated in the Plate legends. Film was developed in M + B
"Polycon developer. The effect of prefogging is to correct the non
linear relationship between radioactivity of the sample and absorbance
of the film image.
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(a) Incubation of oocytes
Isolated vitellogenic oocyte stages or previtellogenic ovaries were
incubated for 20 to 40 hours at 21 0 C in modified Barth X medium
containing 35 S methionine at a radioactive concentration of 400 to
600)JCi/ml. 2l of medium was allowed per full grown oocyte, 1F1 per 10
white oocytes and 50,ul per previtellogenic ovary. After incubation
oocytes were defollicled as described in section 24 then sample
preparation continued as described below.
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(b) Preparation of samples for isoelectric focussing gel
el ectrophoresi s
The method used was as described by DeRobertis et al (1977)
Oocytes were homogenised in 35x8mm siliconised glass tubes fitted with
a glass homogeniser, on ice in buffer containing 10mM Tris.-HC1 pH 75,
50mM NaCl, 5mM MgC1 2 , 25).ig/ml DNAase 1 (Worthington), 25jig/ml RNAase
A (Sigma), 2%p mercaptoethanol. Full grown oocytes were homogenised
in lOpl of buffer per oocyte, white oocytes in 10,ul per 100 oocytes
and previtellogenic oocytes 10ul per 1000 oocytes. After standing on
ice for 10 minutes samples were centrifuged in a Jobling
microceritrifuge model 320 for 5 minutes to pellet yolk, pigment
granules and cell debris. The supernatant was removed avoiding any
upper lipid layer and was lyophilised then redissolved in lysis buffer
(O'Farrell, 1975); 9.5M urea (BDH Aristar grade), 2% nonidet P.40,
1.6% ampholines pH 5 to 7 (LKB), 0.4% ampholines pH 3.5 to 10, 5%
mercaptoethanol. Full grown oocytes were redissolved in 5)il per
oocyte, white oocytes in 5pi per 100 oocytes and previtellogenic
oocytes in 5pl per 1,000 oocytes.

Samples were then filtered through a plug of siliconised glass
wool, in an Oxford pipette tip, into 30x6mm siliconised glass tubes.
Samples were stored in liquid nitrogen prior to electrophoresis.
Recovery of labelled protein at various stages in the extraction was
monitored by TCA precipitation of sample aliquots (see section 2.13).

2019

(c) Preparation of samples for acetic acid, urea, triton/SOS
gel electrophoresis
After the initial oocyte isolation all steps were carried out
between 0 and 4 0 C. Oocytes were homogenised in a teflon glass
Dounce homogeniser in the following buffer; 14mM Tris-HC1 pH 75, 36mM
KC1, 007mM MgC1 2 , 0025M sucrose, 20ig/ml cycloheximide, 50pg/ml
dextran sulphate, 005mM DTEO Full grown oocytes were homogenised in
50ul per oocyte, white oocytes in 50l per 100 oocytes and
previtellogenic oocytes in 50il per 1,000 oocytes0 The homogenate was
centrifuged for 10 minutes at 20,000g then the supernatant was either
loaded onto sucrose gradients and separated into subcellular fractions
by centrifugation as described in section 205(c) before ethanol
precipitation or RNA and protein directly precipitated from the
supernatant with one volume of ethanol at 20 0 C overnight.

This initial ethanol precipitate was collected by centrifugation
then redissolved in 200pl 4M guanidinium chloride, 50mM NaAcetate pH
45, 5%p mercaptoethanol and RNA precipitated from this solution with
one volume of ethanol. After collection of the RNA precipitate
protein was precipitated from the supernatant with an additional 7
volumes of ethanol. The RNA precipitate was re extracted with 200ul
4M guanidinium chloride, 50mM NaOH, glycine pH 10, 5%
mercaptoethanol and the procedure for precipitation of RNA then
protein repeated. The two protein precipitates were pooled and
collected by centrifugation then dissolved in acid, urea, triton
sample buffer; 8M urea (BDH aristar), 2% Triton xlOO, 5% acetic acid,
5% p mercaptoethanol. After centrifuging for 5 minutes in a Jobling
microcentrifuge the supernatant was stored in liquid nitrogen.

2020

222 T

1©il1

fri

(a) First dimension
1) Isoectric focussing
The method used was essentially that of O'Farrell (1975). Gels
were formed in 15cm x 3.5mm siliconised glass tubes sealed at one end
with parafilm. The use of siliconised tubes reduces
electroendosmosis. lOml of gel solution was prepared by dissolving
5.5g of urea (aristar grade) in 1.33ml of 28.38% acrylamide, 1.62%
bisacrylamide, 2ml of 10% Nonidet P40, 2m1 of H 2 0, 0.5ml of 40%
(w/v) ampholines (LKB) (0.4m1 pH 5 to 7, 0.1ml pH 3.5 to 10). The
solution was degassed then 10)il 10% ammonium persuiphate and 5,ul TEMED
added and the gels poured using a syringe fitted with a section of
narrow rubber tubing to avoid trapping air bubbles at the bottom of
the tube. Tubes were filled to a length of 14cm (approximately 1.2ml
of gel solution) overlayed with lOul H 2 0 and left to polymerise for
2 to 4 hours. The water overlay was then removed, parafilm replaced
with muslin held in place with rubber bands and the gels fitted in a
standard tube gel apparatus. Gels were overlayed with lQul Lysis
buffer (see section 2,21(b)) and 10il sample overlay buffer (6M urea,
0.8% ampholines pH 5 to 7, 0.2% ampholines pH 3.5 to 10) then the
tubes were carefully filled with cathode buffer 0.2M NaOH (stored at
xlO concentration then diluted down and degassed before use). The
upper tank was filled with cathode buffer, and the lower tank with
anode buffer (0.01M H3PO4) then the electrodes were connected and
gels prerun according to the following schedule; 200 volts for 15
minutes, 300 volts for 30 minutes, 400 volts for 30 minutes. This
prerun was to establish a pH gradient and remove isocyanate ions
formed by decomposition of urea which might otherwise result in
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modification of protein by carbamylation.

After the prerun the upper tank buffer and the buffers from the gel
surface were removed. The gel surface was rinsed several times with
iOpl lysis buffer then the samples were loaded and carefully overlayed
with 10,ul sample overlay buffer and 002M NaOH to fill the tubes. The
cathode buffer was replaced and electrophoresis continued at 400V for
18 hours. At the end of the run gels were gently expelled using air
pressure into 5m1 of equilibration buffer (0.06M TrisHCl pH 68, 5%p
mercaptoethanol, 2% SDS, bromophenol blue) and were equilibrated for 2
hours at room temperature against 3 buffer changes then stored at
20 0 C. A blank gel was run to measure the pH gradient. This was
achieved by cutting the gel into 0.5cm slices, incubating each slice
in 2m1 of degassed H 2 0 for 15 minutes then directly measuring the pH
of the ampholines in solution.

ii) Acetic acid, urea, triton/SOS gel electrophoresis
A modification of the procedure described by Panyim and Chalkey
(1969), Rodriguez Alfagame et al (1974) and DeRobertis and Mertz
(1977) was used. Gels were formed in 15cm x 3.5mm siliconised glass
tubes0 lOmi of gel solution was prepared by dissolving 3.6g of urea
(aristar grade) in 0.5ml of glacial acetic acid, 2ml 10% triton X-100,
5ml (for 15% gels) or 2.5m1 (for 7.5% gels) of 30% acrylamide, 0.2%
bisacrylamide and H 2 0 to make up the volume. This solution was
degassed then 150)Jl of 10% ammonium persulphate and 10il TEMED added
just before pouring. Gels were formed of a 2cm 15% acrylamide layer,
which was left to polymerise under a water overlay, then a 12cm
section of 7.5% acrylamide was added and left to polymerise under a
water overlay. After 2 to 4 hours the gels were fitted in a standard
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tube gel electrophoresis apparatus as described in section 2022(a0 1),
the tubes and both electrode tanks were filled with 5% acetic acid,
the electrodes were connected +ve to top tank, ve to bottom and gels
were prerun overnight at a constant current of SmA for 8 gels at
4°C

The top tank buffer was removed after pre electrophoresis, the gel
surface washed free of urea and 20ul of 2M cysteamine loaded then the
electrode buffer reloaded and electrophoresis continued for 30
minutes. The top tank buffer was again removed and the gel surface
washed free of cysteamine, fresh buffer was loaded and the cysteamine
electrophoresed into the gels for a further 15 minutes.

Samples were loaded onto the gel surface through the electrode
buffer using a microcap and electrophoresis was carried out for 20
hours at a constant voltage of 100 volts at 4 0 00

Gels were

expelled from their tubes and equilibrated for 4 hours against several
changes of equilibration buffer (see section 2022(a0 i)) and then
stored at 20 0 00

Expulsion of gels from their tubes was

facilitated by injecting a solution of 01% SDS around the gel.

Pre electrophoresis causes a drop in pH of the gel due to removal
of the basic TEMED II ions and replacement of all ions by proton and
acetate ions. The net result is increased mobility of proteins and
improved resolution of protein bands (Panyim and Chalkey, 1969)
proteins are subjected to electrophoresis as cations at low pH on
polyacrylamide gels which contain non ionic detergents they are
differentially retarded depending on their ability to bind the
detergent. Cysteamine is electrophoresed into the gel to scavenge
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free radicals and prevent oxidation of methionine during the
subsequent electrophoretic run. Oxidation results in a diminished
affinity for non ionic detergents and therefore greater mobility of
proteins (Rodriguez Alfagame et al, 1974)

(b) Second dimension
A 10 to 20% SDS gradient gel was used as the second dimension for
both first dimension gel systems. The procedure for making these gels
is as described in section 2.19.First dimension gels were loaded as
described below.

A solution of about lml of 1% agarose solution in equilibation
buffer (see section 2022(a0i)) was applied evenly to the surface of
the stacking gel. The first dimension gel, which had been thawed at
room temperature, was positioned in this agarose then covered with
another layer and left to set before loading the electrode buffer and
carrying out electrophoresis as described in section 2.19.Marker
molecular weight proteins were loaded in SOS gel sample buffer in a
slot cut in the agarose at the side of the first dimension gel.
Bovine serum albumin 68K Daltons, ovalbumin 45K Daltons, penicillinase
29K Daltons and cytochrome C 12K Daltons were used, ( a gift from Dr
D. Thatcher and A. Reggios)0 Gels were stained, and fluorogrphy
carried out as described in section 2.20.
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Modified Barth X medium
NaCl 88mM
KC1 1mM
Ca(NO 3 ) 2 0033mM
CaC1 2 0041mM
MgSO 4 0082mM
NaHC0 4 204mM
HEPES 10mM pH 76 (NaOH)
Phenol red 0001%
Millipore filtered and autoclaved before storage at x5 concentration.
Double distilled water is used in making up the solution. Before use
the medium is diluted with double distilled water and these
antibiotics added;
bug/ml streptomycin sulphate,
lOug/ml benzyl penicillin,
bug/ml gentamycin sulphate.

Kirbys RNA extraction medium
001M Tris pH 9
10mM EDTA
05% SOS
10% Tri.iso_propynapthalene suiphonic acid TNS
6% 4-amino salicylic acid (PAS)
1% NaCl
6% phenol /cresol
Stored at 4 0 00
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Phenol/cresol (per litre)
140m1 mCresol
lg 8 hydroxy.quinoline
110 ml H 2 0
Phenol

NETS buffer
001M NaCl
0001M TrisHCl pH 75
02% SDS
0001M EDTA pH 75

RNA column buffer
001M NaCl
0082g/l Na Acetate pH 5
0004g/l EDTA
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* CHAPTER 3

CHASES IN SLJBCELULAR DISTRIBUTION OF £5 AND 5S RA DURING O%EESIS

31 Introduction
The major transcriptional products of previtellogenic oocytes are
4S and 5S RNA most of which is stored in ribonucleoprotein particles
sedimenting at 42S (Ford, 1971; Denis and Mairy, 1972). When oocytes
enter the vitellogenic period and ribosome accumulation begins the
relative amount of 42S particles decreases and finally they become
undetectable. Possibly the actual amount of 42S material does not
significantly alter and is merely masked by the massive accumulation
of ribosomes during vitellogenesis.

The actual amount of 4S and 5S RNA per oocyte in the soluble, 42S
and monoribosome plus polyribosomal cell fractions has been measured
for different oocyte stages so that sequestration or release from the
various fractions could be followed as oogenesis proceeds.

32 Results
(a) Total amount of 4S and 5S RA in various ooçyte stages.
Three oocyte stages, previtellogenic, white and full grown
corresponding to Dumont (1972) stages I, II and V plus VI respectively
were examined.

The amount of 4S and 5S RNA per oocyte was calculated by first
extracting total RNA from the separated oocyte stages. The 4S and 5S
RNA peak was separated from the 18S and 28S rRNA peaks on sucrose
gradients. 45 RNA was then separated from the 55 RNA on acrylamide
gels. Gels were scanned at 265nm and the amount of RNA in each
fraction estimated after calculating the area under 4S and 5S RNA
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peaks of UV absorbance by comparison with the area under the peak of a
known amount of E.coli tRNA loaded on gels run in parallel. The
amount of RNA per oocyte was calculated by dividing the total amount
of RNA by the number of oocytes used in each experiment. (Experimental
procedures are described in detail in chapter 2).

Table 3.1 shows the results from two such experiments. In
agreement with results published previously (Rosbash and Ford, 1974)
45 and 5S RNA together represent over 80% of the total RNA in
previtellogenic oocytes, in white oocytes this has decreased to
between 34 and 14% of the total and becomes only 37% of full grown
oocyte RNA. The molar ratio of 4S to 5S falls from 1.5 to 1.6:1 in
previtellogenic oocytes, to between 0.8 to 0.9:1 in white and rises
slightly to between 0.9 to 1:1 in full grown oocytes.

Table 3.2 expresses 4S RNA, 5S RNA and total RNA accumulated by
white and previtellogenic oocytes as a percentage of the total
accumulated in full grown oocytes. From this it is seen that 72 to
80% of the 4S RNA and 80 to 87.5% of the 5S RNA has been accumulated
by the white stage compared with only 17 to 18.4% of the total RNA.

(b) Changes in the sce11u1ar distribution of 4S and 5S RA
during oenesis
The same three oocyte stages were examined as in 3.2(a). Oocytes
were first separated into the subcellular fractions soluble, 42S and
mono plus polyribosomal

0

The soluble fraction includes the 9S RNP

complex containing 5S RNA mentioned in chapter 1. Fig 3.1 shows
absorbance (254nm) traces of sucrose gradients for the three oocyte
stages and indicates regions of the gradient which were pooled for
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each fraction, Total RNA was extracted and the amount of 4S and 5S
RNA in each fraction determined as described in the previous
experiments. That is by first separating 4 plus 5S RNA from 18 and
28S RNA on sucrose gradients, then separating 4S from 5S RNA on
polyacrylamide gels and comparing with a known amount of E,coli 4S RNA
run on a parallel gel. (See chapter 2 for full experimental
procedures). Figure 3,2 shows an example of sucrose gradient and gel
traces from one experiment in which white oocytes were fractionated.

Yields of 4S plus 5S RNA were found to be lower in this type of
experiment than those described in the previous section (302(a)) where
RNA was extracted from total oocyte homogenate. Most of the loss
occurs in the low speed centrifugation in which cell debris and yolk
are pelleted before subcellular fractionation by sucrose gradient
centrifugation. The procedure for extraction of total RNA does not
involve such a step. Recovery of 4 and 5S RNA from previtellogenic
and white stage oocytes in the oocyte fractionation experiment was
between 80 and 90% and from full grown oocytes 40 to 50% of the values
obtained in section 302(a)0 The relatively greater loss from full
grown oocytes probably occurs because of the increased concentration
of yolk platelets in full grown oocytes which may result in a greater
proportion of the RNA being trapped and centrifuged down.

The percentage of the total 4S and 5S RNA in each fraction and
ratio of 4S to 5S RNA was measured by calculating areas under peaks of
absorbance at 265 nm, The results are presented in Table 33

These

percentages were converted into absolute amounts of 4S and 55 RNA per
oocyte using an average value for the total oocyte 4S and 5S RNA from
the two experiments described in section 302(a) Table 3,1, These

values are presented in Table 34 and are plotted in holograph form in
Figure 33.

As discussed above there was relatively greater loss of

RNA from full grown oocytes compared with earlier stage oocytes when
the oocyte fractionation experiments were carried out. Derivation of
the absolute amount of 4S and 5S RNA in each fraction from the values
for the total amount of 4S and 5S RNA per oocyte obtained when RNA was
extracted from total oocyte homogenate should eliminate inaccuracies
caused by this differential loss of RNA from various oocyte stages.

In previtellogenic oócytes 84% of the total 4S and 42% of the 5S

RNA are in the 42S fraction in a molar ratio of about 3:1, 4S:5S0
Fifty percent of the 5S RNA and 5% of the 4S RNA are in the soluble
fraction in a molar ratio of 016 to 022:1, 4S:5S; the remainder is
found with the mono and polyribosomes0 These results are similar to
those of Denis and Mairy (1972)0(See chapter 1)

The absolute amount of 42S 4S and 5S RNA in white oocytes is little
changed relative to previtellogenic oocytes, but decreases relative to
other fractions, so that it now contains only 28% of the total 4S RNA
and 10% of the total 5S RNA. Of the 4S and 5S RNA accumulated between
previtellogenic and white stages, 86% of the 4S and 75% of the 5S RNA
is accumulated in the soluble fraction. Eight percent of the 4S and
21% of the 5S RNA is accumulated in the mono and polyribosome
fraction.

The development from white to full grown oocyte is characterized by
the release of the 42S fraction 4S and 5S RNA. 4S and 5S RNA were not
found in the 42S region of full grown oocytes in two experiments but
in another experiment 6% of the 4S and 2% of the 5S RNA was located
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there, This was probably caused by contamination from the soluble
fraction since the the molar ratio of 4S to 5S RNA was the same as in
the soluble fraction in that experiment and quite distinct from the
molar ratio in the 42S fraction. In any case the amount of RNA
present was less than half that found in the previtellogenic 42S
fraction.

The amount of soluble fraction 4S RNA increases between white and
full grown stages so that 96% of the total 4S RNA is located there in
full grown oocytes. This increase can be accounted for by release
from the 42S fraction and newly synthesised 4S RNA.

The amount of 5S

RNA in ribosomes increases almost four fold between white and full
grown stages so that about 80% of the total full grown oocyte 5S RNA
is located in that fraction. The amount of soluble fraction 5S RNA
decreases between white and full grown stages but one surprising
feature of these results is that about 20% of the 5S RNA remains non
ribosome bound in the soluble fraction in full grown oocytes. This
soluble pool of 5S RNA is not the result of release of 5S RNA from
some ribosornes, since the molar ratio of 5S to 18+28S RNA in the
ribosome fraction was calculated to be 1.1:1, close to the predicted
value of 1.

The calculations on percentage distribution of 4S and 5S RNA in
different subcellular fractions and actual amounts of 4S and 5S RNA
per oocyte assume that any losses of RNA from different subcellular
fractions and different oocyte stages are equal. It has been
discussed above that in cell fractionation experiments loss of RNA is
greater in later vitellogenic oocytes because a larger amount of RNA
is trapped and centrifuged down with yolk. Since yolk and cell debris
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are not pelleted in the procedure for extraction of total RNA from
total cell homogenates, losses in this case should be minimized and
equal for different oocyte stages, so the figures obtained for total
4S and 5S RNA should be valid. It is possible that losses which occur
during oocyte fractionation experiments may occur differentially from
the various subcellular fractions causing inaccuracy in the estimation
of percentage distribution of 4S and 5S RNA amongst various fractions.
In particular it is possible that 42S particles are preferentially
pelleted with the yolk in full grown oocytes0 To eliminate this
possibility full grown and previtellogenic oocytes were mixed at the
initial homogenization step, the low speed centrifugation to pellet
yolk and cell debris was then performed and the supernatant from this
separated into subcellular fractions on sucrose gradients. By
comparing the absorbance (254nm) trace from this gradient with those
from previtellogenic and full grown oocyte homogenates run separately
it was possible to estimate that recovery of 42S particles from the
environment of the mixed full grown and previtellogenic oocyte
homogenate was not significantly different from that of the
previtellogenic homogenate alone. The molar ratio of 4S:5S RNA varies
depending on the subcellular fraction and oocyte stage. Thus by
comparison of the recovery of total 4S and 5S RNA in experiments in
which RNA was extracted from total oocyte homogenate (section 302(a))
with that obtained when oocytes were first separated into subcellular
fractions (302(b)) it should be possible to determine whether there
has been preferential loss from any particular fraction.

Table 35 shows the recovery of total 4S and 5S RNA in each type of
experiment and expresses the recovery from the oocyte fractionation
experiments as a percentage of the recovery from total oocyte
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homogenate extraction experiments. (Note that the figures presented in
Table 3.4 have already been corrected for differential loss from
various oocyte stages). In previtellogenic and white oocytes recovery
of 4S RNA is very similar to that of 55 RNA whereas in full grown
oocytes 30% of the 4S RNA compared with 50% of the 5S RNA is
recovered. There are several possible explanations for this observed
difference. Firstly the extraction of 5S RNA from total full grown
oocyte homogenates may be relatively more inefficient than of 4S RNA.
Since the amount of 5S RNA in the ribosome fraction was approximately
the expected value and in addition an excess non ribosome bound pool
was found, inefficient extraction of 5S RNA seems unlikely. Secondly
in oocyte fractionation experiments, since 4S RNA is relatively more
abundant than 5S RNA in the soluble compared to ribosome fraction,
there may be preferential loss of soluble fraction RNA. This also
seems unlikely since over 90% of the total 4S RNA was found in the
soluble fraction and since the molar ratio of 5S RNA to 18 plus 285
rRNA is close to the predicted value and is not in great excess (as
would be expected if the percentage of 4S and 55 RNA in the ribosome
fraction had been overestimated). The most likely explanation is that
individual animals may vary in the relative amounts of 4S and 55 RNA
they contain. It therefore seems a reasonable assumption that the
subcellular distribution of 4S and 5S RNA in all oocytes stages is as
shown in figure 3.3 and that differential loss of RNA from different
oocyte stages and subcellular fractions have not introduced
significant errors.
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33 Discussio n
The time taken to complete oogenesis is variable dependent on
conditions of growth in the animal, but it is generally accepted that
the period of previtellogenic growth is longer than the period of
vitellogenic growth. Possibly accumulation of 4S and 55 RNA over the
course of oogenesis would be approximately linear if measured as a
function of time rather than oocyte stage. Each selected oocyte stage
includes a range of oocyte sizes and growth stages. The plots
therefore represent an average for that particular stage and this
should be remembered when interpreting the results.

The switch in relative accumulation of 5S RNA compared with 4S RNA
between previtellogenic and white stages can be explained by increased
synthesis or stability of 55 RNA relative to 4S RNA, alternatively by
decreased synthesis or stability of 4S RNA relative to 5S RNA. Since
75% of the 5S RNA accumulated during this period is stored in the
soluble fraction and the 5S RNA stored in the ribosome fraction is not
sufficient to account for the 5S RNA accumulated in excess of 4S RNA,
increased stability of 5S RNA resultant on incorporation into the
increasing number of ribosomes is unlikely. In early
previtellogenesis most 4S.RNA is accumulated in 42S particles whereas
in white oocytes most is stored in the soluble fraction. If 4S RNA
stored in 42S particles was more stable than soluble 4S RNA then the
increased accumulation of 5S relative to 4S RNA between
previtellogenic and white stages could be explained. An alternative
hypothesis would then be required to explain why this trend did not
continue between white and full grown stages. In fact the molar ratio
of 4S:5S RNA rises slightly between white and full grown stages
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indicating a return to increased accumulation of 4S RNA relative to 5S
RNA. Since the major period of ribosome accumulation is
between white and full grown stages it seems unlikely that decreased
stability of 5S RNA should be the cause of this observation. Another
possibility is that between white and full grown stages 4S RNA is
again increased in stability perhaps as a result of subcellular
compartinentation or some other change in the cytoplasmic environment
for example, by a reduction in the concentration of ribonucleases0

Results on the relative rates of synthesis of 4S compared with 5S
RNA at different stages of oogenesis are not available. The increased
accumulation of 5S RNA compared with 4S RNA in early vitellogenesis
compared with other stages of oogenesis may indicate some coordination
of 5S RNA synthesis with that of 18 and 28S rRNA0

The full grown oocyte retains a pool of soluble non ribosome bound
55 RNA. In comparison, in Ugla cells all cytoplasmic 5S RNA is
ribosome bound but about 20% of the total 5S RNA is located in the
nucleus, at least some of it in association with riboomal precursor
particles (Knight and Darnell, 1967; Warner and Soeiro, 1967)
Synthesis and turnover of rRNA has been demonstrated in mature Xenopus
oocytes (La Marcaetal, 1973; Leonard and La Marca, 1975)

The rate

of RNA synthesis has been demostrated to be at least as great in
mature stage VI as in stage IV Xenopus oocytes and the qualitative
pattern of synthesis the same (La Marca et al, 1973)

Possibly excess

non ribosome bound 5S RNA is required for incorporation into the newly
synthesised ribosomes0 The length of time for which the mature oocyte
remains in the ovary may vary and depend on provision of the necessary
hormonal stimulus to provoke ovulation. The excess 55 RNA pool may be
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accumulated as a response to the uncertainty of this waiting period
when it is unknown exactly how much 5S RNA will be required.

The 42S ribonucleoprotein particle is a storage site for 4S and 5S
RNA which is functional only at early stages of oogenesis0 The amount
of RNA in 42S particles was found to be almost the same in
previtellogenic and white oocyte stages, however it is possible, since
these stages include a range of different oocytes sizes, that 42S
particle RNA reaches a peak in late previtellogenesis then decreases
with the onset of vitellogenesis and finally becomes undetectable in
full grown oocytes0 Whilst the exact function of these particles is
unclear, several possibilities suggest themselves:i) They may be intermediates in ribosome formation. This seems
unlikely since the proteins associated with the 42S particles are not
ribosomal proteins (Delaunay et al, 1975; and chapter 5)

In addition

the present studies indicate that although 5S RNA released from 42S
particles is probably incorporated into ribosomes the 4S RNA is
released to the soluble fraction. If the amount of 5S RNA accumulated
in monosomes between white and full grown stages is calculated and the
proportion which must have been derived originally from the various
subcellular fractions of white oocytes estimated then it is clear that
the majority ('60%) originated from the soluble fraction of white
oocytes0 Although it remains possible that incorporation of 5$ RNA
into ribosomes proceeds via a 42S particle intermediate and that the
soluble and 42S pools are in some sort of equilibrium, this seems
unlikely since in full grown oocytes no 42S particles are detectable
yet continuing synthesis and turnover of ribosomes occurs (La Marca et
al, 1973; Leonard and La Marca, 1975)

It has been demonstrated that

5S RNA accumulated during previtellogenesis is incorporated into
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ribosomes during the vitellogenic period of growth more slowly than
newly synthesised 5S RNA (Mairy and Denis, 1972) If incorporation
into ribosomes proceeded via a 42S particle intermediate one might
expect the stored 5S RNA to be more rapidly incorporated.
They may function in separating excess 4S and 5S RNA from the
protein synthesising machinery of the cell.

As the cell grows and 4S

and 55 RNA represent a diminishing fraction of the total cellular RNA
this may become unneccessary.
They may function in protecting the 4S and 5$ RNA from nuclease
attack.

As oogenesis proceeds non ribosome bound 4S and 5S RNA may be

stabilised by another method.
Storage in the 42S particle may be a method of keeping different
populations of 4S and 5S RNA separate. There is some evidence that
changes in protein synthesis during oogenesis is under post
transcriptional control (see chapter 1)

Possibly changes in

population of 4S RNA functional in protein synthesis may play a role
in controlling these changes. This possibility will be discussed in
the next chapter.
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41 Introduction
There is evidence that protein synthesis during oogenesis in
Xenopus laevis is controlled at a post transcriptional level (see
chapter 1)

Darnbrough and Ford (1976) suggested that changing

populations of tRNA may control the level of translation of different
mRNAs during oogenesis0 They observed that the pattern of protein
products synthesised in the wheatgerm cell free translation system,
directed by oocyte poly A4 RNA template, is the same whatever
oocyte stage the RNA is extracted from, although the pattern of
proteins synthesised by oocytes cultured in vitro changes
significantly during oogenesis0 Also the in vitro translation pattern
does not accurately reflect the in vitro cultured oocyte pattern and
in particular little if any of the major previtellogenic oocyte
proteins (those associated with the 42S RNP particles) are synthesised
in the cell free translation system.

These observed differences, between oocyte and wheatgerm directed
protein synthesis, can be partly accounted for since the wheatgerm
system is known to synthesise small incomplete polypeptides which are
found largely in the form of peptidyl tRNA and are a result of
premature termination of protein synthesis (Hunter etal, 1977)

The

wheatgerm system is known to have an endogenous ribonuclease activity.
TMV RNA is rapidly degraded in the wheatgerm system. Most molecules
receive at least one cut within 20 minutes of incubation (Hunter et
al, 1977)

Premature termination of translation probably occurs when

a ribosome reaches one of these cuts and arrests. Another possibility

41

is that translation is held up at particular codons because of a
limitation in the supply of particular isoaccepting tRNA species.

Changes in the population of tRNAs have been observed during
embryonic development and differentiation (Sueoka and KanoSueoka;
1970)

A correlation has been observed between the amino acid

acceptor activity of many tRNAs and the amino acid composition of the
major proteins synthesised for example in rabbit reticulocytes (Smith
and McNamara, 1971), the silk gland of the silk worm during fibroin
synthesis (Delaney and Siddiqui, 1975; Garel et al, 1970) and the
lactating mammary gland (Elska et al, 1971)

That changes in tRNA can affect protein synthesis has been
demonstrated by translation of oviduct or globin mRNA in the presence
of homologous or heterologous tRNA in a tRNA dependent Krebs II
ascites system. The homologous tRNA supported optimal levels of
protein synthesis (Le Meur et al, 1976)

Similarly translation of

ovalbumin mRNA in an Ehi rich ascites cell tRNA dependent system is
enhanced in the presence of tRNA from the oviduct of oestrogen
stimulated immature chicks, or from the oviduct of laying hens
compared with tRNA from oviducts of withdrawn chicks (Sharma et al,
1976a)0 In a tRNA dependent rabbit reticulocyte system globin mRNA is
efficiently translated in the presence of reticulocyte tRNA, as well
as oviduct tRNA and encephalomyocarditis (EMC) viral tRNAO However
oviduct mRNA and EMC viral RNA are not efficiently translated in the
presence of reticulocyte tRNA and few large mature proteins are
synthesised, instead discrete smaller polypeptides accumulate (Sharma
et al, 1976b).
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There is evidence (see chapter 1) that oocyte and somatic cell
tRNAs differ, the differences becoming less pronounced as oogenesis
proceeds (Denis et al, 1975)

Also 42S particle 4S RNA has a

different nuclease digest pattern from soluble 4S RNA in
previtellogenic oocytes (Ford, unpublished results). These results
are consistent with either the progressive modification of immature
tRNA molecules or accumulation of tRNA from different genes as
oogenesis proceeds.

In the previtellogenic oocyte of Xenopus storage of tRNA in the 42S
RNP particle could be a method of keeping different tRNA populations
separate. Species of tRNA required for the translation of mRNA5
functional in previtellogenic oocytes might gradually be diluted out.
This may occur as 42S 4S RNA is released and newly synthesised RNA is
accumulated in the soluble fraction. Thus synthesis of any major
previtellogenic proteins, which specifically required certain species
of tRNA synthesised early in oogenesis for translation, would be
relatively inhibited.

The hypothesis, that changes in the population of tRNA may play a
role in controlling changes in protein synthesis during oogenesis, was
tested by translating , in a wheat germ cell free system, poly A
RNA from previtellogenic ovary and full grown oocytes in the presence
and absence of previtellogenic 42S particle 4S RNA and soluble plus
polysomal 4S RFS4AO If supply of particular isoaccepting species of
tRNA required for translation of oocyte mRNAs was limiting in the
wheat germ system, then translation would be arrested at particular
codons0 These blocks in translation should be alleviated if the
necessary oocyte tRNAs are added to the system and a change in the
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pattern of protein products should then be observed. Each preparation
of 4S RNA was first assayed for its ability to accept amino acids from
a Xenopus liver aminoacyl tRNA synthetase preparation to indicate its
activity.

42 Results
Preparation of RNA
Poly A RNA was prepared from total RNA extracted from
previtellogenic ovary and full grown oocytes by oligo dT cellulose
chromatography (see chapter 2) 4S RNA was prepared from 42S
particles, and soluble plus polysomal fractions of previtellogenic
ovary by first running cell homogenates on sucrose gradients then
extracting total RNA from the separated fractions. Total RNA was run
on a 12% polyacrylamide gel, and 4S RNA, located by running a parallel
gel with marker E0coli tRNA, was eluted from the gel. Experimental
procedures are described in detail in chapter 2

From 5

previtellogenic ovaries a yield of 200pg of 42S 4S and 40jig of soluble
plus polysomal 4S RNA were obtained. Xenopus liver 4S RNA was prepared
by first extracting total RNA, separating the 4 and 5S RNA peak from
18 and 28S RNA on sucrose gradients then separating 4S RNA from 5S RNA
on sephadex G100 (see chapter 2)

Two mature Xenopus livers yielded

1,600pg of 4S RNA.

Optimisation of Xenopus liver aininoacyl tRA synthetase

pr e paration.

The enzyme was prepared from immature livers and aminoacylations
carried out as described in chapter 2

Except for the magnesium

optima determined for 3 H leucine and 3 H histidine, a 3 H amino
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acid mixture containing 11 amino acids of equispecific activity 10
Ci/mmol and 4 of 001 Ci/mol was used in all reactions.
Aminoacylation was followed as radioactivity incorporated into CTAB
precipitable material.. (See chapter 2)

Optimum conditions for aminoacylation of tRNA were determined as
shown in figure 41

The maximum incorporation into lOOpg/ml

aminoacyl tRNA is achieved within 30 minutes and the level of
incorporation is maximum using an enzyme concentration of 300p1/ml
(Figure 401(a))0 The optimum 3 H amino acid mixture concentration
was found to be lOOpCi/ml (fig 401(b)); further increase in
concentration resulted in a slight decrease of aminoacylation0 The
magnesium optima within the range 0 to 20 mM were determined (Figure
401(b, c)) for the 3 H amino acid mixture, 3 H leucine and 3 H
histidine and were found to be 8 to 12mM, 4mM and 16mM respectively.
Aminoacylation using 3 H leucine and 3 H histidine was 50% and 60%
lower at the magnesium optimum for the 3 H amino acid mixture than
at the optima for the individual amino acids.

Up to 500,ug/ml of tRNA can be aminoacylated to saturation level
within 30 minutes using these optimum enzyme conditions. This level
of aminoacylationis maintained for a further 30 minutes without
significant decrease (Figure 42)

Incorporation into aminoacyl tRNA

is proportional to the concentration of tRNA added to the reaction.
Aminoacylation was shown to be a specific reaction between tRNA and
the radioactive amino acid since 5S RNA was inactive in the assay.
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(c) Assay of the biological purity of MA p re parations from
previtellogenic

OVà!Y

by their activity in an aminoacylation reaction

Aminoacylation of Xenopus laevis liver 4S RNA by Xenopus Laevis
liver amino acyl tRNA synthetase was the standard to which 4S RNA
isolated from previtellogenic Xenopus laevis ovary was compared. Pool
sizes of the individual amino acid accepting tRNA species are unknown
and magnesium optima for aminoacylation using individual radioactive
amino acids are variable and result in a considerable decrease in
aminoacylation at non optimum concentrations. The assay was therefore
not considered sufficiently accurate to give an absolute value for the
amino acid accepting activity of the 4S RNA preparations.

Results shown in Table 41 indicate that both 42S 4S RNA and
soluble plus polysomal 4S RNA from previtellogenic ovary show similar
ability to accept amino acids as liver 4S RNA. Addition of 2mM CTP to
the reaction mixture had a minimal effect on the level of
aminoacylation indicating that the CCA terminal on the tRNA was intact
and did not turn over during the course of the aminoacylation
reaction. Since 42S 4S RNA can be aminoacylated to a similar level as
the other tRNA preparations either the 42S 4S RNA is not an immature
inactive form or the liver enzyme preparation can carry out any
necessary modifications to allow aminoacylation0 Assuming equal pool
sizes of all families of aminoacyl tRNA, p moles of 11 amino acids in
the 3 H amino acid mixture incorporated per p mole of the 11
aminoacyl tRNA families were calculated (Table 41)

Allowing for a

50% to 60% decrease in level of aminoacylation for certain individual
amino acyl tRNA synthetases operating below their magnesium optima,
these results indicate a high level of biological activity for the
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tRNA preparations.

(d) Optimisation of wheat germ S 30 cell free system

Wheat germ cell free extract was prepared and cell free incubations
carried out as described in chapter 2

Each wheat germ preparation

was optimised for the concentration of cell free extract, magnesium,
spermidine and potassium added to the incubations.

All optimisations were performed using previtellogenic ovary
polyA RNA 50,ug/m10 Figure 403a shows that 200 jul/ml of wheat germ
extract supports maximum levels of protein synthesis. The magnesium
concentration was first optimised without the addition of polyamines
(Figure 403b) and found to be 28 mM0 Addition of polyamines to the
wheat germ system results in a lowering of the magnesium optimum
although the requirement for magnesium cannot be completely replaced.
Polyamines increase the rate of polypeptide chain elongation and
increase the yield of high molecular weight products probably by
improving the chance of ribosomes moving along the mRNA before it is
nicked by nucleases (Hunter et al, 1977)

Spermine and spermidine act

additively rather than synergistically but no combination is more than
10% better than spermidine alone (Hunter et al, 1977)

In the present

study spermidine alone was used and the optimum was found to be 035
mM (Fig 403c), Magnesium concentration was optimised using this
spermidine concentration and found to be 275 mM (Fig 403d)0 Finally
the optimum potassium concentration was found to be 80 mM (Fig 403e)0
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(e) Translation of full groin oocyte and previtellogenic ovary
polyA. RNA in the presence and absence of 42S and soluble
plus polysom& tRNA frcin previtellogenic ovary
Protein synthesis was followed as a function of increasing
p o l y A+ RNA concentration. The response was linear at low polyA+
RNA concentrations for each preparation but each reached a saturation
concentration beyond which no further increase in protein synthesis as
a result of increased RNA concentration was observed. This saturation
concentration was found to be 50jig/ml for previtellogenic ovary
po1yA RNA and 100,ug/ml for full grown oocyte polyAt Since
wheatgerm tRNA is likely to be most limiting at maximum levels of
protein synthesis these polyA+ RNA concentrations were used in the
following experiments.

Each po1yA preparation was translated with each of the tRNA
preparations added at various concentrations between 0 and 150pg/ml0
Each tRNA preparation stimulated protein synthesis from each RNA
template to a similar extent. All added tRNA concentrations
stimulated protein synthesis but a distinct optimum concentration was
observed. Figure 44 shows a time course of protein synthesis for
each polyA RNA preparation without added tRNA and with the
concentration of added tRNA which gave optimum stimulation of protein
synthesis. Plate 41 shows an autoradiograph of a gel on which
samples from the translation experiments shown in figure 44 were
loaded. No differences were detectable in the protein products for
any added tRNA concentration nor when the different RNA templates were
used. The pattern of protein products is similar to that observed by
Darnbrough and Ford (1976)

Added tRNA enhanced protein synthesis to
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a similar extent over a range of added previtellogenic ovary p o l yA+
RNA concentrations between 0 and 100)Jg/mL Thus wheatgerm tRNA does
not become limiting at any particular concentration of added RNA.
Plate 42 compares the products of wheatgerm endogenous protein
synthesis with protein synthesis directed by previtellogenic ovary

polyM RNA. The overall pattern is obviously different although
some bands may be common to both. Thus protein products observed as a
result of added ovary RNA can be attributed to synthesis from the
added template rather than non specific stimulation of endogenous
protein synthesis.

If preaminoacylated ovary tRNA is added to cell free translation
incubations this should be utilized more readily than tRNA which is
not aminoacylated0 Also any Xenopus tRNA species which may not be
aminoacylateci by wheatgerm enzyme should at least be capable of
participating once in protein synthesis. The experiments described
previously were therefore repeated using tRNA preaminoacylated by
Xenopus liver aminoacyl tRNA synthetase enzyme and extracted as
described in chapter 2

Transfer of labelled amino acids from amino acyl ovary tRNA into
protein, synthesis of which was directed by a previtellogenic ovary
polyA RNA template, was demonstrated0 tRNA preaminoacylated with a

3 H amino acid mixture and cold amino acids to make the full
complement required for protein synthesis was used as the only source
of amino acids directing protein synthesis from a previtellogenic
ovary polyA RNA template. Figure 45 shows a time course of
endogenous and ovary RNA directed protein synthesis. A plot of loss
of counts from aminoacylated tRNA against time of incubation is also
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shown. Forty two percent of the counts are lost from amino acyl tRNA
of which 24% are incorporated into protein (assayed by TCA
precipitation) over 90 minutes, Reincorporation of amino acids into
aminoacyl wheatgerm tRNA and then into protein cannot be ruled out,
but since incorporation of amino acid into protein closely follows
loss of amino acid from aminoacyl tRNA, this seems unlikely to
contribute significantly.

For analysis of protein products by gel electrophoresis the
experiment was carried out using 35 S methionine and unlabelled
amino acids. Each ovary tRNA preparation was aminoacylated with

35 s methionine and cold amino acids. Each polyA RNA
preparation was translated with each of the preaminoacylated tRNA
preparations added at a range of concentrations (0150jjg/ml), 35 S
methionine and cold amino acids were also included in the cell free
translation incubations. Results from these experiments were similar
to those described previously. Each aminoacyl tRNA preparation
stimulated protein synthesis directed by each RNA template over a
range of added concentrations although an optimum added concentration
was found. Figure 46 shows time courses of protein synthesis
directed by each RNA template without added tRNA and with the added
aminoacyl tRNA concentration which maximally enhanced protein
synthesis. Plate 4,3 shows protein products of these incubations,
again no effect as a result of added aminoacyl tRNA was observed,

403 Disc u ssion
The results presented do not support the hypothesis that changes in
the tRNA population during oogenesis may play a role in controlling
the changing pattern of protein synthesis. It has been shown that 42S

4.10

particle and soluble plus polysomal 4S RNA from previtellogenic ovary
can be aminoacylated by Xenopus liver amino acyl tRNA synthetase to a
similar level as Xenopus liver 4S RNA. Both ovary 4S RNA populations
can stimulate protein synthesis in a wheatgerm cell free translation
system directed by full grown oocyte and previtellogenic ovary
polyA RNA. This suggests that either both tRNA populations are
mature forms of tRNA capable of participating in protein synthesis or
the liver enzyme and wheatgerm extract can carry out any necessary
modifications. It has been demonstrated that transfer of amino acids
from aminoacyl ovary tRNA into protein takes place during cell free
incubations.so the added tRNA actually appears to participate in and
stimulate protein synthesis rather than act in some non specific
manner.

The mechanism by which this stimulation operates remains unclear.
Hunter et al (1977) demonstrated that rate of chain initiation is not
limiting in the wheatgerm system and that polyamines increase the rate
of protein synthesis by increasing the rate of chain elongation. One
might expect that tRNA would also act by increasing the rate of chain
elongation. The effect of this should be to increase the yield of
mature protein products either by relieving specific blocks in
translation or by increasing the probability of a ribosome completing
a round of translation before the mRNA was "nicked" by a nuclease.
However no such increase in the proportion of high molecular weight
protein products as the result of stimulation by added tRNA has been
observed in the present experiments (as assayed by densitometer
trace).

4.11

Thus although the tRNA populations seem to participate in and
stimulate protein synthesis they have no detectable effect on the
pattern of protein products. Possibly the aminoacyl tRNA synthetase
population changes during oogenesis and is different to that in
somatic cells. Thus any unusual isoaccepting species of tRNA
functional in previtellogenic oocytes may not be aminoacylated by
wheatgerm or Xenopus liver enzyme and might therefore not participate
in protein synthesis. Since the wheatgerm extract contains its own
tRNA, possibly it can supply any limiting species which control the
utilization of ovary mRNAs0 This latter possibility would require an
alternative explanation to that proposed in the introduction to this
chapter to account for the observed differences between the pattern of
proteins synthesised by oocytes cultured in vitro and cell free
translation products of oocyte poly A RNA. The proposal was that
translation in the wheatgerm system may be arrested at particular
codons because of limitation in the supply of specific tRNA species.

I
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Previous studies have indicated that the pattern of protein
synthesis alters during oogenesis but have not identified exactly what
these changes are. For example, one might ask if the pattern observed
in full grown oocytes is merely a superimposition of an elevated
synthesis rate of certain proteins on the previtellogenic pattern or
whether synthesis of certain proteins is decreased as oogenesis
proceeds. Also if changes in synthesis occur gradually over the
course of oogenesis or are instigated at certain stages.

The aim of the two dimensional gel analysis described in this
chapter was to answer these questions. This information would be
useful for the design of further experiments to determine at what
level changes in protein synthesis are controlled and what the
controlling factors are. It was also hoped to learn more about the
synthesis and accumulation of the RNA associated proteins to improve
our understanding of the storage of transcriptional products during
oogenesi

S0

52 Sti&n of method fair t= dtomgastan all

The method described by O'Farrell (1975) which uses separation in
the first dimension by isoelectric focussing and in the second on SDS
gradient gels provides a high resolution method useful for analysis of
proteins with isoelectric points in the pH range 4 to 7

Isoelectric

focussing is essentially an equilibrium electrophoretic method for
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segregating amphoteric macromolecules according to their isoelectric
point (p1) in stable pH gradients. In O'Farrell's (1975) method pH
gradients are generated in polyacrylamide gel medium by isoelectric
stacking of a large series of carrier ampholytes arranged under the
electric field in order of increasing p1 from anode to cathode.
Separation in the second dimension is on the basis of molecular
weight, a completely independent parameter to p1, so that proteins are
distributed across the entire area of the gel.

Although the pH range of the gel can be extended to 85 or 9 by
including more basic Hampholinesil (carrier ampholytes obtained from
LKB) those moderately basic proteins which do enter the gel always
produce streaks (my own observations and O'Farrell et al, 1977)
Since oocytes contain a substantial fraction of basic proteins
including mRNP, 42S particle and ribosomal proteins an additional
method of gel analysis was necessary. Several methods involving
separation of proteins in the presence of urea at various constant pH
values have been described and, in particular, have been applied to
histone and ribosomal protein separation (for example Panyim and
Chalkley, 1969; Kaltschmidt and Wittman, 1970)

These methods give

separation on the basis not only of charge but also of molecular
weight thus, when used in conjunction with SDS gradient gels in the
second dimension, proteins tend to be distributed on a diagonal which
is more pronounced at the higher molecular weight end. If triton, or
another non ionic detergent, is included in the first dimension gel it
binds to hydrophobic amino acids retarding those molecules which bind
it, hence improving resolution by pulling certain proteins back from
the diagonal0
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The method employed in this study is based on that described by
Panyim and Chalkley (1969), RodriguezAlfageme et al (1974) and De
Robertis and Mertz (1977) and uses separation in the first dimension
at low pH (3) in the presence of urea and triton X100 and second
dimension separation on SDS gradient gels. Any protein with a p1
above T3 should enter the first dimension gel.

53 Results

a) Analy s is of acidic a nd neutral protein synthesis using the
isoelectric focussiinigjlEF)/SDS gel system
1) R e producibility
The absolute position of protein spots varies depending on the
length of the first dimension gel and distance moved in the second
dimension. Spots may be directly compared within a small region and
differences may be confirmed by comparing gels on which the individual
samples are loaded with a gel containing a mixture of samples. Some
variation in the pH range of the first dimension gel was observed; for
example Plate 501(a) includes slightly more basic proteins than
5.1(b).

A few multiple spots are detectable in the lEE dimension, for
example Plate 501(a) in the high molecular weight basic region where a
series of spots of identical molecular weight but with slight
variation in p1 appear. The large intense spot in square 14E (x and y
coordinates respectively) on Plate 501(a) shows charge heterogeneity
and streaking. Comparison with 2.D gels of Xenopus oocyte proteins
(De Robertis and GLi-don, 1977) suggests that this protein is tubulin0
These multiple spots may represent in vivo modification of protein by,
for example, phosphorylation, acetylation or addition of charged
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carbohydrate groups. They may also be artifactual modifications
generated during the extraction procedure. To reduce the chance of
this latter possibility gels were prerun to eliminate isocynate ions,
solutions containing urea were freshly prepared or stored frozen and
sample thaw times were kept to a minimum. Solubility effects may
cause some streaking and the appearance of multiple spots in the
isoelectric focussing dimension (O'Farrell, 1975)

These may result

in the observed heterogenity associated with "tubulin"0

Appearance of multiple spots was generally minimal and did not
interfere with the interpretation of the gels. On one occasion the
two major proteins on Plate 501(b) 14B were reduced in intensity and
had a series of slightly lower molecular weight proteins of the same
p1 below them. This may be due to overheating during the second
dimension gel electrophoresis (De Robertis et al, 1978)

A series of

artifactual spots of the same p1 but varying molecular weight was
observed if the samples were not filtered through siliconised glass
wool. This is probably caused by migration of protein aggregates or
lipid micelles to a particular p1 point and then division on the SOS
gel into proteins with different molecular weights. The resolving
power was variable between individual gels and between areas on any
particular gel. The amount of radioactive protein loaded and exposure
time to X-ray film affects the intensity and number of spots observed.

Apart from some variation due to factors described above, the
similarities and differences between previtellogenic and full grown
oocytes have been reproducibly observed on four different gels using
three protein sample preparations from different animals. Follicle
cells were usually removed but no significant difference in the
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pattern of protein synthesis was observed if they were not.

2) Comp a rison of protein synthesis in previtellogenic with full grown
çytes of Xenopus ii aevi s
The majority of the 350 to 400 spots detected are synthesised with
equal intensity in both oocyte stages. These include two of the most
intensely synthesised proteins which are thought to be actin and
tubulin, (9F and liE respectively Plate 501(b) and Figure 501(c)), by
comparison with results of De Robertis and Gurdon (1977) and De
Robertis et al (1978)

Associated with "actin are streaks of

radioactivity on each side. Micro heterogeneity of actin has been
reported several times and three forms were reported by Storti etal
(1978) during rnyogenesis in Drosophila melanogaster0 Of these the
more acidic form is muscle specific, the middle form is the major
cytoplasmic form in non muscle cells but synthesis also occurs in
muscle cells, and the more basic form is an actively turning over form
found in both muscle and non muscle cells. It is not certain whether
the streaks on either side of the main actin spot in Xenopus oocytes
represent a small amount of synthesis of the other forms of actin or
result from over loading of the spot.

The pattern of protein synthesis in previtellogenic oocytes is
shown in Plate 501(a) and that in full grown oocytes in Plate 501(b)0
Some of the proteins which change in relative synthesis rate between
the two stages are marked. Plate 502(b) shows a mixture of
previtellogenic and full grown oocyte proteins. Figure 51 is a
diagramatic representation showing;
a) proteins whose synthesis is detected only in previtellogenic
oocytes or whose synthesis is elevated in previtellogenic compared
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with full grown oocytes,
proteins whose synthesis is detected only in full grown oocytes or
whose synthesis is elevated in full grown compared with
previtellogenic oocytes,
proteins whose synthesis is relatively constant in each stage.

Only 4.6% of the proteins are detected exclusively in one of the
oocyte stages (2.3% in each) while another 10% are synthesised
relatively more intensely in one stage compared with the other.

Some of the changes in synthesis rate are obviously relatively
major. For examle, in region 16 > 19 by J > L Plate and Figure
501(a) two large intense spots become undetectable in full grown
oocytes (13 .> 16 by J > L Plate 501(b))0 The same region contains a
number of other spots which become relatively much less intense as
oogenesis proceeds. In square 8J (Plate 501(b)) two intensely
synthesised full grown oocyte proteins are undetectable in
previtellogenic oocytes (position 10J Plate 501(a))0 One intense spot
in full grown oocytes (13G Plate 501(b)) is very faintly detected in
previtellogenic oocytes (16G Plate 501(a))0

This description of changes in protein synthesis during oogenesis
assumes that proteins are equally extractable from all oocyte stages.
As oogenesis proceeds the main change in cytoplasmic environment is
the accumulation of pigment granules and yolk platelets. Does this
seriously affect which proteins are extractable? One argument against
this is that such protein losses might be expected to vary between
sample preparations. However, the changes described have been
reproducibly observed in a number of different sample preparations.
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Another argument is that if proteins became less extractable in, for
example, full grown oocytes one might expect to observe only changes
which fell into the category of becoming undetectable or relatively
less intensely synthesised in full grown oocytes0 However proteins
whose synthesis increases in full grown oocytes and proteins which are
detectable only in full grown oocytes can also be observed. It seems
likely therefore that the changes observed are actual changes in
synthesis

3) Comparison of protein synthesis in white oocytes with that in
previtel 1! ogenic and full grown oocytes
Plate 502(a) shows the pattern of protein synthesis in white
oocytes and Plate 502(b) is an autoradiograph of a gel on which an
equal mixture of previtellogenic and full grown oocyte proteins were
loaded. Figure 52 is a diagramatic representation showing
differences between previtellogenic and white oocytes,
differences between white and full grown oocytes,
The majority of proteins are synthesised at the same relative level in
all three oocyte stages. Proteins specific for or synthesised
relatively more intensely in the white stage were found to be very
few. For example, one in figure 502(a and b) and Plate 502(a) 13G is
white specific and one (13G figure 502(a,b) Plate 502(a)) is
relatively more intense in white compared with the other two stages.
If the observed differences in protein synthesis between
previtellogenic and full grown stages took place gradually between the
three oocyte stages examined then the gels shown in Plate 502(a,b)
should be identical

This is clearly not the case and as well as

changes which occur gradually over the course of oogenesis (some of
these are marked on Plate 502(b)) some can be identified which take
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place mainly either between previtellogenic and white stage or between
white and full grown stages (some of which are marked on Plate
502(a)). These changes in protein synthesis can be classified into
various types.
1) Proteins which increase in relative synthesis between
previtellogenic and white as well as between white and full grown
stages. These can be subdivided into those which can be detected in
previtellogenic oocytes, for example, the two major proteins in 15C
and one in 7H (figure 5,2(a,b) Plate 502a) and those which are
undetectable in previtellogenic oocytes, for example, one protein in
14A (figure 502(a) Plate 502(a))0
Proteins which increase in relative synthesis between
previtellogenic and white stages then remain relatively constant in
synthesis to full grown stage eg0 one protein in 9F, one in 10F, two
in 5G and a group of proteins in 12E (figure 502(a) Plate 502(a))0
Proteins whose synthesis is relatively constant between
previtellogenic and white stage then increases to full grown stage eg0
one protein in 9F and one in 1OF (figure 502(b) Plate 502(a))0
Proteins which decrease in relative synthesis between
previtellogenic and white stages as well as between white and full
grown stage. These can be subdivivded into those still detectable in
full grown oocytes eg0 one protein in OE, one in 7D and one in 8D
(figure 502(a,b) Plate 502a), and those which are undetectable in full
grown oocytes eg0 one protein in 17M (Plate 502(a) figure 502(a,b))0
Proteins which decrease in relative synthesis between
previtellogenic and white stage then remain relatively constant
between white and lull grown stage eg0 one protein in 5L and two in 7J
(figure 502(a) Plate 502a)0
Proteins whose synthesis can only be detected in previtellogenic

58

oocytes the positions of these are indicated in figure 502(a) eg one
protein in 14L, one in OJ and one in 2E0
vii) Proteins whose synthesis remains relatively constant between
previtellogenic and white stage then decreases to full grown stage eg0
one protein in 15L, and one in 16L, (figure 502(b) Plate 502(a))0

Ib) Analysis of protein synthesis using Acid Urea Triton/SDS
p01 yacryl ami de gel electrophoresis

Reproducibility
The absolute position of protein spots depends on the distance
moved in the first and second dimensions. Resolution varied between
different gels and between different areas on the same gel. The first
dimension gel electrophoresis conditions were chosen to minimize
molecular sieving whilst allowing clear separation of the medium
molecular weight proteins. The pattern of protein synthesis in all
experiments described has been reproducibly observed between two and
four times using sample preparations from different animals.

Analysis of changes in protein synthesis during oogenesis
Sucrose gradient centrifugation of homogenates from isolated oocyte
stages allows classification of proteins according to the subcellular
fraction with which they are predominately associated. Oocytes were
labelled with 35 S rnethionine and follicle cells removed prior to
homogenisation and centrifugation. Figure 53 shows UV absorbance
traces of gradients loaded with, a) previtellogenic, b) white and c)
full grown ocytes. Soluble, 42S and mono plus polyribosome fractions
were collected as iidicated.in the figure. Protein extracted from
these fractions was analysed using the acid urea triton/SOS gel
system. The four classes of protein which can be described on this
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basis are soluble, 42S particle, mRNP particle and ribosomal. The
putative mRNP proteins can also be identified by comparison of
molecular weight, labelling and staining intensity with those isolated
using oligo DI cellulose chromatography (Darnbrough, unpublished
results). Ribosomal proteins stain and label either exclusively or
mainly in the ribosome fraction and are more easily observed in white
and full grown oocytes0 A number of soluble proteins are also
isolated within the ribosome fraction. These may cosediment non
specifically or may have a functional association with ribosomes which
is not permanent.

Soluble proteins (those which label more intensely in the soluble
compared with other fractions) probably include most of the acidic and
neutral proteins observed using the IEF gel system, although no
proteins have directly been identified on both gel systems.
Classification of soluble proteins has been mainly restricted to
medium and low molecular weight proteins since resolution of high
molecular weight proteins is poor.

Comparison of the pattern of staining with that of labelling should
give information on the relative stability of proteins. Care is
necessary when interpreting this comparison since 35 S methionine
was used to label proteins, hence variation in methionine content of
proteins may cause some of the observed differences.

i) Previtellogenic Oocytes
Plate 5.4 shows the pattern of protein synthesis in a) total oocyte
extract, b) soluble fraction, c) 42S fraction and d) mono plus
polyribosome fraction of previtellogenic oocytes0 Plate 55 shows the
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corresponding pattern of stained protein. Figures 54 and 55 show
tracings of the corresponding plates, on which the classification of
proteins is indicated.

The major class of previtellogenic oocyte proteins identified by
label and stain are those associated with the 42S ribonucleoprotein
particles. Two major and two minor protein components are detected in
agreement with Delaunay et al (1975)

The higher molecular weight

major protein 4251 (about 48K Daltons) runs slower on both dimensions
than the three other proteins (42S 2, 3, 4) which run in a group with
molecular weights 42K to 43K Daltons0 The 48K protein always produced
streaks on both dimensions indicating a strong tendency to aggregate
and precipitate.

Although the 42S proteins are found predominantly in the 42S
fraction they are also the major class of protein in the mono plus
polyribosome fraction. This may be due to aggregation of 42S
particles, non specific binding to ribosomes or overlap of the
ribosome fraction with the 42S fraction. Trace amounts of 42S 1
protein are found in the soluble fraction, 42S 4 is the major soluble
protein although considerable amounts of 42S 2 and 3 are also present
(this is more clearly observed on gels not illustrated). However 42S
4 is one of the minor 42S particle proteins. Since 55 RNA is more
abundant than 4S RNA in the soluble fraction but the reverse is true
for the 42S fraction (see chapter 3) it is possible that 42S 4 protein
functions mainly in binding 5S RNA.

The mRNP proteins, of which five major components can be resolved,
represent another abundant class of previtellogenic protein detected
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by stain, but label relatively faintly possibly because of a
methionine deficiency. These proteins are found in all subcellular
fractions but are relatively more abundant in the mono plus
polyribosorne fraction. Since poly A 4 RNA is observed to sediment
heterogenously over the range 25 to 80S as well as associated with
polysomes (Darnbrough and Ford,1976) the rnRNP proteins should be found
in all subcellular fractions.

The mRNP proteins (49 to 53K Daltons M0wt) separate into two groups
with the lower molecular weight proteins (mRNP 4,5) running slower on
the first dimension than the other three (mRNP 1,2,3) These proteins
are present in approximately equal amounts although synthesis of mRNP
4,5 is relatively more intense than mRNP 1,2,3

About 20 additional proteins stain faintly and about 80 proteins
are detected by label in the soluble fraction. Most label faintly but
proteins X and V are intensely labelled thus they must have either a
high methionine content or a rapid turnover rate. Protein Z is
associated predominately with the ribosome fraction where it labels
intensely and stains faintly. A few ribosomal proteins are faintly
detected by label and stain. Since protein Z is more intensely
labelled than these it is unlikely to be a structural ribosomal
protein. Its molecular weight makes it possible that it is an
additional mRNP protein. However, the mRNP proteins isolated by
Darnbrough (unpublished observations) did - not contain such an
intensely labelled component.

Examination of the pattern of synthesis in total previtellogenic
oocyte homogenate shows that soluble proteins label at least as
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intensely as ribosomal proteins and a number are obviously more
intensely labelled.

ii) White Oocytes
Plates 56 and 57 show the labelling and staining patterns
respectively of white oocyte proteins extracted from a) total oocyte
homogenate, b) soluble fraction, c) 42S fraction and d) mono plus
polyribosome fraction. Figures 56 and 57 show tracings
corresponding to these Plates on which the classification of proteins
is indicated.

The ribosomal proteins are the most intensely labelled and stained
class of proteins extracted from the total homogenate. Although
predominantly isolated from the ribosome fraction they are also
faintly detected by stain and label in the soluble and 42S fractions.
Fifty to sixty ribosomal proteins are resolved, the majority with
molecular weights below 40K Daltons although about twelve have
molecular weights between 40K and 60k Daltons0 All ribosomal proteins
that label also stain.

The 42S proteins stain with a similar intensity to the majority of
ribosomal proteins, but label only faintly. They are detected
predominantly in the 42S fraction (by label and stain). The mRNP
proteins also stain with a similar intensity to the majority of
ribosomal proteins. They are therefore relatively more abundant than
the 42S proteins in white compared with previtellogenic oocytes0 Of
the mRNP proteins 12,3 are more abundant and are more intensely
synthesised than 4 and 50
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Soluble proteins are relatively faintly detected by label and stain
in white oocytes0 Proteins X, V and Z represent a smaller fraction of
the total protein synthesis and V is synthesised at a relatively
greater rate than X and Z in white compared with previtellogenic
oocytes

iii) Full grown oocytes
Plates 58 and 59 show the pattern of proteins detected by label
and stain respectively extracted from full grown oocyte; a) total
homogenate, b) soluble fraction, c) 42S fraction and d) mono plus
polyribosome fractions. Figures 58 and 59 show tracings of the
corresponding plates on which the classification of proteins is
indicated.

The most intensely stained class of proteins are the ribosomal
proteins which are detected exclusively in the ribosome fraction.
Ribosomal proteins label with faint to medium intensity in full grown
oocytes, and are detected almost entirely in the ribosomal fraction.
Thirty to forty soluble proteins are faintly detected by stain
although a much larger number are detected by label. They are
synthesised as intensely as the ribosomal proteins and many are more
intensely synthesised. Synthesis of X, V and Z is still detected but
X and Z label only faintly whereas V does so intensely. The mRNP
1,2,3 proteins are very faintly detected by stain but not by label.

In full grown oocytes no proteins are found predominantly in the
42S fraction. The majority of proteins extracted from the 42S
fraction are derived from the soluble fraction although a few are
detected which are predominantly ribosome fraction proteins. No
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proteins could be detected by stain in the 42S fraction.

Do full grown oocytes continue to synthesise the 42S proteins?
Protein B' (labelled on figure 58 (a)) runs in a similar
position to the lower molecular weight 42S proteins. To determine
whether B' is a 42S protein, a mixture of total full grown oocyte
and mono plus polyribosome fraction proteins from previtellogenic
oocytes were run on the same gel and compared with the samples run
separately. Plate 510 shows an enlargement of the area of the gels
containing these proteins and figure 510 shows a tracing on which the
proteins are labelled. The 42S proteins, 2, 3, 4 run slightly faster
on the first dimension, and 42S 2, 3 slower and 42S 4 faster on the
second dimension than B 1 indicating that the lower molecular weight
42S proteins are not synthesised in full grown oocytes0 Similarly
synthesis of 42S 1, the higher molecular weight protein, cannot be
detected in full grown oocytes (photograph not shown).

Are the 42S proteins extractable from full grown oocytes?
Labelled previtellogenic proteins were mixed with full grown oocyte
proteins at the initial homogenisation stage and extraction then
continued as normal. Plate 511 shows the 42S proteins can be
detected and must therefore be extractable from the environment of the
full grown oocyte cytoplasm. The possibility that 42S proteins are
incorporated into some subcellular structure and rendered insoluble in
full grown oocytes so that they are pellated during the initial low
speed centrifugation in the extraction procedure cannot be dismissed
but seems unlikely._
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vi) What levels of 42S protein would be detected in full
grown oocytes?
In the experiment described in the previous section 42S proteins
could readily be detected when a ratio of 3 previtellogenic to 1 full
grown oocyte homogenates was analysed. A decrease in level below 1:1,
previtellogenic:full grown oocytes in the total homogenate would
probably still have been detected.

Most of the poly A RNA accumulated during oogenesis is already
present by white oocyte stage (see chapter 1), (Rosbash and Ford,
1974)

There is therefore no apparent reason why the oocyte should

accumulate large amounts of mRNP proteins between white and full grown
stages. Since these proteins can be detected in full grown oocytes it
is likely that if the amount of 42S proteins present in white oocytes
remained constant throughout vitellogenesis they would also have been
detected.

504 Discussion
The analysis of protein synthesis described in this chapter
indicates that several control systems operate during oogenesis0 Four
classes of protein can be distinguished on the basis of which oocyte
subcellular fraction they are extracted from. These four classes are
under separate control systems.

The proteins associated with the 42S RNP particles are the major
class synthesised and accumulated in previtellogenic oocytes0 In
white oocytes they represent a smaller fraction of total oocyte
protein but still stain as intensely as any individual ribosomal
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protein. Their synthesis can be detected only faintly but newly
labelled 42S protein is still incorporated mainly into the 42S
fraction. This low level of synthesis cannot be accounted for as a
methionine deficiency in the proteins since they label intensely in
previtellogenic oocytes0 In full grown oocytes they are not
detectably synthesised and do not stain.

The putative mRNP proteins are also an abundant class of
previtellogenic protein detected by stain. These proteins are still
detected in white and full grown oocytes although they represent a
diminishing fraction of the total protein. These proteins are under a
separate control to the 42S proteins since they increase in relative
amount compared to the 42S proteins as oogenesis proceeds. The
functional significance of the increase in amount of mRNP proteins
1,2,3 relative to 4 and 5 as oogenesis proceeds is unclear. The role
of the mRNP proteins in eucaryotic cells is unknown, although various
possibilities exist, for example;
They may function in stabilising the mRNA by protecting it from
nuclease attack.
They may have some role in controlling translation of the mRNA
either at the level of recruitment into polysomes or by controlling
the rate of translation.

A third system of control is obvious for the ribosomal proteins.
They are faintly detected by stain and label in previtellogenic
oocytes0 In white oocytes they are the major class of protein and
label and stain intensely. Although most of the ribosomal proteins
are detected in the ribosome fraction the soluble and 42S fractions
also contain a sizeable pool. In full grown oocytes ribosomal
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proteins are still the major class of protein detected by stain but
they label only with faint to medium intensity and no soluble pool is
detected. It is interesting that at the white stage oocytes contain a
soluble store of 5S RNA (see chapter 3) and ribosomal proteins. This
may indicate a temporal sequence in the production of ribosomes in the
oocyte. Thus 5S RNA then ribosomal proteins may be accumulated in the
soluble non ribosomal fraction and with the onset of 18S and 28S RNA
synthesis ribosome formation begins. Ribosome formation in Hela cells
is known to involve 80S and 55S nuclear RNP particle intermediates
(Shepherd and Maden, 1972)

In Xenopus oocytes of non hormone treated

femalesribosomal proteins are incorporated into 555 particles which
appear to be analogous to those of Hela cells (Hallberg and
Smith,1975)0 Ribosomal precursor particles sedimenting at 5055S and
30S can be isolated from oocytes of Motophthalmus and Ambystoma
(Rogers,1968)0 It is therefore unlikely that the soluble ribosomal
proteins found in white oocytes are associated with RNP intermediates
in ribosome formation. Obviously ribosomal proteins isolated from the
42S fraction could be associated with these RNP intermediates or with
free large and small ribosomal subunits. Ribosomal proteins
synthesised in full grown oocytes are presumably required for the
continuing synthesis and turnover of ribosomes (La Marcaetal, 1973;
Leonard and La Marca, 1975)

The three classes of protein considered so far can all be
classified as being associated with the accumulation of
transcriptional products during oogenesis0 Synthesis of each class
has been demonstratd to be stage specific to a certain extent
although the 42S proteins obviously more so than the others.
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The final class of protein identified using the acid urea
triton/SOS gel system are the soluble proteins. This class probably
includes the oocyte "housekeeping" proteins; that is proteins required
at all stages of oogenesis to meet the requirements of the growing
cell. These proteins are under separate control to the classes
associated with various transcriptional products described previously.
They stain faintly at all stages of oogenesis0 In previtellogenic and
full grown oocytes they -are synthesised at a similar or greater rate
than ribosomal proteins but in white oocytes their synthesis is
depressed relative to ribosomal proteins. Included in this class are
probably most of the acidic and neutral proteins detected using the
lEE/SOS gel system.

Synthesis of the majority of proteins detected using the IEF gel
system remains constant throughout oogenesis0 Comparison of the
pattern of protein synthesis in previtellogenic and full grown oocytes
shows that changes in protein synthesis during oogenesis can be
classified into those proteins which are detectable at one stage but
not the other or whose synthesis is elevated at one stage relative to
the other. Comparison of the pattern of protein synthesis in white
oocytes with that in the other two stages shows that changes may
either take place gradually over the course of oogenesis or may occur
mainly at a particular stage between either previtellogenic and white
or white and full grown stages.

Accumulation of proteins may not only be controlled at the level of
translation of its rilessenger but also by differential stability of
proteins. The 42S proteins in white oocytes and ribosomal proteins in
full grown oocytes stain intensely but label relatively faintly
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whereas soluble proteins stain faintly at all stages even though they
may be intensely labelled. Accumulation of the RNA associated
proteins may be partly controlled by greater relative stability
compared with soluble proteins.

In addition to the protein classes already discussed another class
of oocyte proteins (as mentioned in chapter 1) are those such as
histones, which are accumulated during oogenesis in excess to the
requirements of the oocyte to meet the exceptional demands of the
developing embryo. In the present study the histones have not been
identified. Since they are basic proteins they would not have run on
the IEF/SDS gel system, however they should have run on the acid urea
triton/SDS system but may have run off the end of the first dimension
gel.

Quantitative analysis of the rate of synthesis of these various
protein classes is not possible. No measurements are available for
the absolute rate of protein synthesis per oocyte as oogenesis
proceeds and in the present study the relative rates of synthesis of
the various protein classes were not quantitated. Obviously if the
rate of synthesis of a particular protein remains constant, the
relative level of the total protein synthesis which it comprises will
depend on whether or not the total protein synthesis rate remains
constant or alters during oogenesis0 Similarly increases or decreases
in the rate of synthesis of particular proteins will differentially
affect the percentage of the total synthesis which those proteins
comprise depending on whether the total protein synthesis rate remains
constant or alters.

5020

Having established what type of control systems operate over
protein synthesis during oogenesis it should be possible to select
interesting classes of protein and to design experiments to determine
at what level the control operates and what the controlling factors
are.
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CHAPTER 6

A COMPARISON OF PROTEIN SYNTHESIS IN PREVITELLOGEHC OOCYTES OF
XE1OPUS LAEVIS

AND XEOPUS BOREALIS

61 Introduction
This comparison was undertaken to determine whether there were any
interspecies differences in electrophoretic mobility of proteins which
might be useful markers in a study of control of translation using a
heterologous system. A determination of which proteins are conserved
may also give an indication of the functional importance of the
proteins.

In chapter 5 it was established that a number of different control
systems over protein synthesis operate during oogenesis0 Amongst
these proteins were detected whose synthesis was stage specific. Some
of these proteins would be of obvious interest to study in greater
detail.

Cell free translation studies (Darnbrough and Ford, 1976 and
chapter 4) indicate that the coding properties of the poly A RNA
population does not significantly alter during oogenesis0 In these
experiments the pattern of protein synthesis directed by oocyte poly
A RNA in the wheatgerm system was found to differ from that of
oocytes0 For example, little, if any, of the major previtellogenic
oocyte proteins, those associated with the 42S RNP particles, are made
in the wheatgerm system. Some explanations to account for these
observed differences were discussed in chapter 4

The wheatgerm

system possibly lacks factors present in the oocyte which may be
necessary to allow efficient translation of certain oocyte mRNAs0
These factors might be present throughout oogenesis or there might be
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some which are stage specific and control the changing pattern of
protein synthesis during oogenesis

If the oocyte itself were used to study translation, by
micro -injection of mRNA from one stage of oocyte into another, then the
possibility that translation was limited by factors present throughout
oogenesis but absent in a cell free system from a distantly related
species would be eliminated. It should then be possible to identify
whether there were any stage specific factors which could limit the
translation of particular mRNAs0 For example, if previtellogenic
oocyte poly A RNA were injected into full grown oocytes and
synthesis of previtellogenic specific proteins could then be detected,
it would be reasonable to assume that translation of naked mRNA for
previtellogenic specific proteins was not limited in the full grown
oocyte cytoplasm. It would then be possible to conclude that either
the mRNA was not present at a significant level or it was present in a
sequestered untranslated state. To distinguish between these
possibilities it would probably be necessary to purify the mRNA for
these proteins, make a cDNA copy and assay by hybridization for its
presence in full grown oocytes0

If translation of mRNAs for previtellogenic oocyte specific
proteins was not detected in the full grown oocyte it should be
possible to perform experiments which might indicate the nature of the
limiting factors.

To ensure that it was the micro-injected RNA which was being
translated would necessitate having a marker to distinguish products
of that mRNA from those of the endogenous mRNA0 One possibility would
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be to use the mRNA from a closely related species, such as X0borealis
and utilise differences in electrophoretic mobility of proteins to act
as markers. It should then be possible to distinguish between
limitation of translation due to interspecies differences and due to
lack of stage specific factors by looking for synthesis of X0borealis
specific proteins which were not stage specific. Some comparisons at
the molecular level between the closely related species X0laevis and
X0borealis have previously - been carried out; for example, differences
in 5S RNA sequence (Ford and Brown,1976) and mitochondrial ribosome
proteins (Leister and Dawid, 1975) have been found.

Analysis of which proteins are conserved in their electrophoretic
mobility between the species should give some indication of the
functional importance of those proteins. Thus if the probability of a
mutation becoming fixed in the genetic material is proportional to the
probability that an amino acid substitution would be compatable with
maintenance of the protein function then presumably the functional
constraints on those conserved proteins are relatively high. An
alteration in electophoretic mobility would obviously only be observed
if amino acid substitutions resulted in a charge change or if
additions or deletions of several amino acid residues occured0

The rate of protein evolution may also depend on how dispensable
that protein is to the organism. If the organism has "back up"
systems for the function of a particular protein then the amino acid
sequence of that protein would be more prone to fixation of mildly
deleterious mutations than a protein for which no such system exists
(Wilson et al, 1977)

Conserved proteins are probably therefore also

relatively indispensable to the organism.
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62 Res u lts
a) Acidic and neutral protein synthesis
Reproducibility
Acidic and neutral protein synthesis was analysed using the IEF/SDS
two dimensional gel system. Identical comments concerning
reproducibility apply to those discussed in chapter 5

Within these

limits the same pattern has been reproducibly observed in three
X0borealis protein preparations and four X0laevis preparations from
different animals.

Samples were prepared from animals of the same post metamorphic age
and containing oocytes of comparable size to reduce the possibility
that any observed differences were a result of stage specific rather
than species specific alterations in protein synthesis.

Similarities and differences in the pattern of protein synthesis
Plate 61 shows the pattern of protein synthesis in previtellogenic
oocytes of a) X0borealis, b) X0laevis and c) an equal mixture of
X0laevis and X0borealis proteins. Figure 61 is a diagramatic
representation showing proteins a) whose synthesis is constant and
which have identical electrophoretic mobility between the two species,
b) proteins which are species specific.

The majority of proteins (6575%) are conserved in electrophoretic
mobility and have constant synthesis rate in the two species.
Included in this class are the proteins which run in positions
corresponding to those of actin and tubulin (liE and 14D Fig601(a)
Plate 601(c))0
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The 25 to 35% of proteins which are species specific are found
distributed across the whole area of the gel. Some may be identified
which are synthesised with similar intensity in each species but have
slighty different electrophoretic mobility. These probably represent
products of the same but diverged gene although obviously some
sequence data would be required to confirm this statement. For
example, in Plate 601(c) 14C and 15C, a group of three proteins
forming a streak with four distinct protein spots just below and to
the left is observed; the more acidic pair are X0laevis specific and
the more basic X0borealis specific. One of these species specific
proteins has the same molecular weight in each species whilst the
other has a slightly higher molecular weight in X0laevis0 Another
example of this type of difference can be seen in region 11>12 C>D
Plate 601(c) and fig 61

Three intense spots are observed with

identical molecular weight but varying isoelectric points. The more
basic of these is conserved between the species, the middle protein is
X0borealis specific and the more acidic is X0laevis specific.

Other examples may be found in which the difference in isoelectric
point and molecular weight between the species specific proteins
(synthesised with comparable intensity in each species) are relatively
greater. These may represent products of the same gene which have
diverged to a relatively greater extent during evolution. One such
example is seen where of four large intense proteins (Plate 601(c)
91,101 and 111) two are conserved between the species, one (91) is
X0laevis specific and one (111) is X.borealis specific. In other
cases assignment of- species specific proteins to possible allelic
products of the other species is more difficult.
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A rarer type of interspecies difference is observed as an increased
rate of synthesis of particular proteins in one species compared with
the other. For example, two X,laevis large intense proteins (10 and
2C Plate 6.1(c), 20 Plate 6.1(b), fig 6.1(b))are only weakly
synthesised in X.borealis (Plate 6.1(a) (10 and 2C)). One protein
spot (10F Plate 6.1(c) fig 6.1(c) and 8F Plate 6.1(a)) is large and
intense in X.borealis but small and weak in X,laevis (lOG Plate
6.1(b)) and another (liE Plate 6.1(c) fig 6.1(c) and 9E Plate 6.1(a))
is medium sized and intense in X.borealis but small and weak in
X.laevis (hF Plate 6.1(b)).

In certain cases decreased synthesis of particular proteins may be
correlated with increased synthesis or appearance of new proteins with
similar electrophoretic mobility. For example, 80 on Plate 6,1(c)
contains two large intense proteins of identical p1 but differing
molecular weight which are X,laevis specific. A medium sized protein
synthesised with moderate intensity of molecular weight intermediate
between these two but slightly more basic p1 is present in both
species but more intensely synthesised in X.borealis (60 Plate
6.1(a)). Sequence data would again be required to determine whether
homology between these proteins exists.

iii) Caparison of protein synthesis in previtellogenic oocytes of
X0laeis and X,borealis using the Acid Urea Triton/SDS gel system
Experiments were performed on X,borealis as described for isolated
oocyte stages from X.laevis in chapter 5. Figure 6.2 shows the UV
absorbance trace of

sucrose gradient on which oocyte homogenates

were fractionated and indicates which fractions were pooled. Plate
6.3 shows the pattern of proteins synthesised in a) total oocyte
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homogenate, b) soluble fraction, c) 42S fraction and d) mono plus
polyribosome fraction. Figure 63 shows tracings of corresponding
plates on which proteins have been numbered and classified. Plate and
Figure 64 are corresponding photographs and tracings of the pattern
of total stained protein. As with X0laevis the major class of
proteins detected by labelling and stain are those associated with the
42S RNP particles. The mRNP proteins are also relatively intensely
stained although less than - the 42S proteins. The soluble and
ribosomal proteins are both relatively faintly stained, and label with
an intensity comparable to that observed in X0laevis oocytes0

Four major proteins are found associated with the 42S fraction, two
of which are present in greater abundance (42S A and

B)0

As in

X0laevis one of the proteins (42S A) is of higher molecular weight
(48K Daltons) and runs slower on the first dimension than the other
three (42S B,C,D) which run as a group with molecular weights ranging
from 36 to 43 K Daltons0

These 42S proteins can also be detected in the soluble fraction
although as in X0laevis the relative proportions of the various
proteins are altered. Thus 42S C is the most abundant soluble
protein, and 42S B although still a major protein is reduced in
abundance relative to the 42S fraction. 42S A is only a minor protein
component of the soluble fraction.

Three major putative mRNP proteins can be identified, two of which
(mRNP B,C) run in bsitions similar to, and are synthesised and
stained with a similar intensity to, the lower molecular weight
X0laevis mRNP proteins 4,5

The third protein mRNP A runs in a
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similar position to X0laevis mRNP 1 but is present at two to three
times the abundance. These observations are identical to those of
Darnbrough (unpublished observations) using one dimensional gel
analysis for the mRNP proteins from X0borealis0 Gels were run with a
mixture of total oocyte homogenate proteins from XJaevis and
X0borealis to confirm which proteins are conserved and which are
electrophoretically distinct between the species. The patterns were
compared with those obtained from the separately run samples. Plate
65 shows the pattern of protein synthesis in a) X0borealis, b)
X0laevis and c) an equal mixture of X0laevis and X0borealis proteins.
An enlargement of the area of the gel on which the mRNP and 42S
proteins run is illustrated. The proteins are labelled in Figure 65
Plate 66 shows the pattern of stained protein in a) X0laevis total
homogenate, b) a mixture of proteins from X0laevis and X0borealis
total homogenate. These Plates are traced and proteins labelled on
Figure 66. (Plate 64 shows the X0borealis proteins). These
experiments show that of the 425 proteins the higher molecular weight
protein 42S 1 or A is conserved in electrophoretic mobility between
species whereas the other proteins are species specific. The X0laevis
specific proteins 42S 2,3,4 run between the X0borealis proteins B and
C on both dimensions. 42S 2 (X0laevis) probably has a similar function
and may be a product of the same but diverged gene as 42S B
(X0borealis) since each is relatively more abundant in the 42S
compared with the soluble fraction. Similarly 42S 4 (X0laevis) and
42S C (X0borealis) are each more abundant in the soluble compared with
the 42S fraction.

Of the rnRNP proteins the highest molecular weight protein (mRNP 1
or A) is conserved between the species, but as previously discussed is

two to three times more abundant in X,borealis compared with X,laevis,
The X.laevis proteins mRNP 2,3 are species specific and there appear
to be no comparable proteins in X.borealis. The other two mRNP
proteins in each species (4 and 5 in X.laevis and B and C in
X..borealis) are species specific. mRNP 4 and B run with the same
mobility on the first dimension but 4 is slightly lower in molecular
weight. mRNP C runs more slowly on the first dimension than 5 and is
of a. slightly higher molecular weight.

A number of other proteins detected using this gel system are
electrophoretically conserved between the species since they co run
when run as a mixed sample for example, Y,Z.

6.3 Discussion
The majority (6575%) of the 300 to 400 proteins whose synthesis is
detected using the IEF/SDS gel system are conserved in synthesis rate
and electrophoretic mobility between the species. Some pairs of the
species specific proteins can be identified which probably represent
products of the same gene that have become electrophoretically
distinct during the course of evolution.

About 2% of the acidic and neutral proteins, although conserved in
electrophoretic mobility between the species, are synthesised at a
relatively greater rate in one species compared with the other. In
some cases the decrease in synthesis can be correlated with the
appearance of new spots of similar mobility but different isoelectric
point.
0
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The mRNP proteins provide an example of this type of interspecies
difference. Of the three higher molecular weight Xi aevis mRNP
proteins (1,2,3) only one can be detected in X0borealis (1 or A) but
it is two or three times more abundant in X0borealis0 A number of
hypotheses could be proposed to explain how this difference may have
arisen as the species diverged. One possibility is that all three
X0laevis mRNP proteins (1,2,3) arose from a common ancestral gene
which-at some stage before - the divergence of the species was
amplified. Conservation of these amplified copies in X0borealis and
fixation of mutations giving rise to three electrophoretically
distinct gene families in X0laevis could explain the observations. An
alternative hypothesis would be to propose that the actual coding
region of the genes was conserved between species but variation in the
post transcriptional process could give rise to different protein
products.

Of the species specific 42S proteins one is more abundant in the
soluble fraction (42S 4 and C) and another more abundant in the 42S
fraction (42S 2 and 8)

Since in the soluble fraction 5S RNA is more

abundant than 4S RNA whereas the reverse is true for the 42S fraction,
this suggests that one of the species specific 42S proteins functions
mainly in binding 4S RNA and another in binding 5S RNA (see chapter
3)

Some experiments, in which immunofluorescent probes raised

against the proteins isolated from the analogous RNP particles of
Triturus were reacted with lampbrush chromosomes and their
localisation visualised by UV microscopy, have been performed
(Sommerville, 1977)

Antisera against one protein reacted

specifically with one loop pair which apparently has the same location
as the loop pair which hybridizes with 5S RNA. Antisera against the
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other protein reacted with several loops but not with the presumptive
5S RNA loop (Sommerville, 1977)

This evidence supports the view that

particular proteins function mainly in binding either 4S or 5S RNA and
indicates that the association takes place in the primary nuclear
transcript. Presumably the functional constraints on the 42S protein
which is conserved are greater. Since it is found almost exclusively
in the 42S region it is possibly involved in binding several
components of the RNP comp -lex and in some way holding the particle
together rather than simply binding 4S and 5S RNA.

This study has established that there are interspecies differences
which could be used as markers if the mRNA from one species were
injected into oocytes of the other. It should therefore be possible
to perform the type of experiment proposed in the introduction to this
chapter. The obvious previtellogenic specific proteins to use as
markers are the 42S proteins for the following reasons. They are the
major previtellogenic oocyte proteins and decrease in relative
synthesis as oogenesis proceeds, becoming undetectable in full grown
oocytes0 Technically the experiment, whereby previtellogenic mRNA is
injected into full grown oocytes and synthesis of previtellogenic
specific proteins assayed for would be easier to perform than the
reverse type of experiment. The results described in chapter 3
indicate that one would not expect the 42S proteins to be functional
in full grown oocytes0 Some of the other proteins which are
undetectable at certain stages of oogenesis may be functional and be
synthesised but fall just below the level of detection. The
X0borealis specific proteins run in positions which should be
distinguishable from X0laevis full grown oocyte proteins. Possible
homologous allelic X0borealis products of the acidic and neutral
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proteins which are not stage specific have been identified, thus
identification of whether any limitation in translation is due to
species or oocyte stage specific factors should be possible.
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CHAPTER 7

niSrnSSifl\

The importance of studying the synthesis and storage of
macromolecules during oogenesis in order to understand fully the
regulation of the early development programme was dicussed in chapter
1

The results described in this thesis on accumulation and changes

in the subcellular distribution of 4S and 5S RNA during oogenesis (see
chapter 3), combined with those on changes in the subcellular
distribution of proteins synthesised and accumulated during oogenesis
(see chapter 5) have improved our understanding of the storage of
transcriptional products and of the synthesis and accumulation of
their associated proteins.

Sucrose gradient centrifugation of oocyte homogenates and analysis
of the proteins extracted from various subcellular fractions enabled
four classes of protein to be identified, three of them associated
with transcriptional products accumulated during oogenesis and the
fourth soluble cellular proteins.

These four classes were shown to be under separate control systems
(see chapter 5)

The synthesis and storage of the proteins associated

with the transcriptional products is to some extent co ordinated with
that of the RNA products with which they associate. The 42S particle
proteins are exceptional in that their synthesis is coordinated with
that of 4S and 5S RNA only at early stages of oogenesis0 They are the
major previtellogenic oocyte proteins but represent a diminishing
fraction of the total protein as oogenesis proceeds and are
undetectable in full grown oocytes0 Thus they appear to follow the
pattern of 42S particle accumulation. Possibly accumulation into 42S
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particles is controlled by the amount of the 42S proteins present.

One interesting observation is that in previtellogenic oocytes at
least the 5S RNA and possibly also the 4S RNA isolated from the
soluble fraction appears to be associated with particular 42S proteins
(see chapter 1) as well as that in the 42S fraction. Between
previtellogenic and white oocyte stages the amount of 42S 4S and 5S
RNA remains approximately constant whereas the amount of soluble
fraction 4S and 5S RNA increases dramatically (see chapter 3)
However in white oocytes the 42S proteins are detected by label and
Ii

stain predominantly in the 42S fraction. In full grown oocytes a
substantial pool of soluble non ribosome bound 4S and 5S RNA remains
yet no 42S proteins are detectable. Thus only at early stages of
oogenesis does non ribosome bound 4S and 5S RNA appear to be
associated with particular proteins. Some possible functions of the
42S particles were discussed in chapter 3

One possible reason for

the association of particular proteins with RNA might be to stabilise
the RNA by protecting it from nuclease attack. If this were the case
one would have to propose that as oogenesis proceeds 4S and 5S RNA
isolated from the soluble fraction becomes more susceptible to
nuclease attack, the environment of the oocyte cytoplasm changes
making nuclease attack less likely or that 45 and 5S RNA are
stabilised by another method, for example, by localization in
cytoplasmic compartments. Of these the first does not seem to be true
since 4S and 5S RNA synthesised early in oogenesis has been shown to
be stable over the course of oogenesis (Ford et al, 1977)

It is

perhaps worth noting that full grown oocyte cytoplasm seems to be a
favourable environment for the survival of mRNA injected into it (see
chapter 1)

Perhaps the same applies to 4S and 5S RNA.
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Another possibility is that in previtellogenic oocytes the soluble
and 42S particle RNA pools are in equilibrium and that the level of
incorporation into 42S particles depends on the amount of another
factor present. As discussed in chapter 5 one of the 42S proteins
(42S1) is restricted to the 42S fraction whereas the others are also
found in the soluble fraction. Perhaps the amount of 42S1 protein
present limits the amount of 42S particles. One experiment to test
the hypothesis that the presence of 42S proteins may regulate
accumulation of 4S and 5S RNA in 42S RNP particles would be to inject
42S proteins into full grown oocytes and determine whether they
-'associated with RNA to form 42S particles.

Accumulation of mRNP proteins follows the pattern of poly A RNA
accumulation throughout oogenesis0 They represent a diminishing
fraction of the total protein as oogenesis proceeds but are still
faintly detected in full grown oocytes0 Most of the oocyte's poly
A+ RNA has been accumulated by the onset of vitellogenesis and
thereafter the amount per occyte remains relatively constant, however
poly A RNA represents a diminishing fraction of the total RNA
throughout oogenesis0 An interesting observation is that the relative
proportions of the major mRNP proteins alters as oogenesis proceeds.
One could speculate that this may play a role in the translational
control of protein synthesis during oogenesis0

Ribosomal protein synthesis rises from a relatively low level in
previtellogenic oocytes so that by white oocyte stage they are the
major protein class synthesised and accumulated. By full grown stage
they comprise relatively less of the total protein synthesis but still
represent the major class of proteins accumulated. Thus their
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synthesis and accumulation follows that of 18 and 28S rRNA more
closely than it does 5S rRNA. As discussed in chapter 1, in Xenopus
the evidence suggests that 18 and 28S rRNA synthesis is at least as
great in mature oocytes as in early vitellogenic oocytes0 Thus the
synthesis of ribosomal proteins is apparently not very closely co
ordinated with that of 18 and 28S rRNA, and provision of ribosomal
proteins, to keep pace with the massive transcription rate of 18 and
28S rRNA from amplified DNA copies during vitellogenesis, is met by an
elevated rate of ribosomal protein synthesis in early vitellogenic
oocytes.

The experiments described in chapter 5 have clearly established
that a number of different control systems over protein synthesis
operate during oogenesis and have identified particular proteins which
might be interesting to study in more detail. As discussed above
three classes of protein associated with transcriptional products
which accumulate during oogenesis have been identified and shown to be
under separate systems of control from each other and from a fourth
class, the soluble cellular proteins. The proteins from one of these
classes, the 42S proteins, were undetectable in full grown oocytes0
Analysis of the synthesis of acidic and neutral proteins during
oogenesis (most of which probably fall into the soluble protein class)
showed that the 42S proteins are not unique in being detectäbly
synthesised only in certain oocyte stages since the same applies to
about 5% of these proteins. Additional proteins were identified which
showed changes in relative synthesis rate during oogenesis0 Changes
included proteins which increased in synthesis as well as some which
decreased in synthesis over the course of oogenesis0 Although some of
the changes took place gradually between previtellogenic, white and
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full grown stages others occurred mainly between either
previtellogenic and white or white and full grown stages.

Clearly gene expression during oogenesis is regulated and one might
expect a variety of different control systems to operate. Any
regulatory mechanisms introduced must obviously not interfere with the
potential of the oocyte nucleus to support the full programme of
development. However, as discussed in chapter 1, there is evidence to
suggest that normal components of the full grown oocyte cytoplasm are
capable of reactivating genes which have been deactivated during cell
differentiation, thus indicating that this may not be a major problem
for the oocyte. It is of obvious importance to understand how the
oocyte controls changes in its pattern of gene expression in order to
understand fully how gene expression is controlled during development.

In chapter 1 the evidence which suggests that protein synthesis
during oogenesis is controlled at a translational level was discussed
and it was suggested that it would be useful to study transcription
and translation of the mRNA for particular protein products whose
relative synthesis rate altered during oogenesis. The aim of this
study would be to verify or otherwise the earlier results and
determine what the controlling factors are and how they operate. In
chapter 6 an experimental system to study possible translational
control mechanisms was discussed. Briefly the proposal was to
microinject mRNA from one oocyte stage into another to determine
whether translation of the mRNA for stage specific proteins was
limited by factors in the cytoplasm of the oocyte stages in which
those proteins were not detectably synthesised. Interspecies
differences between X,laevis and X,borealis would be utilised to

7,5

distinguish the products of injected mRNA from those of endogenous
mRNA0 The 42S proteins were suggested as a class which might be
interesting to study for reasons discussedin chapter 6

Assay by hybridisation using a cDNA copy made to the purified mRNA
for stage specific proteins would provide a direct answer to the
question of whether levels of those sequences altered during
oogenesi-s0 However, of the 20,000 poly A+ RNA sequences present in
the oocyte 5% are at a 15 fold higher concentration than the remainder
(Penman and Rosbash, 1978)

Thus the average mRNA from the more

abundant class would represent only about 01% of the total mRNA
making its purification technically difficult.

To conclude this discussion some examples of and models for
translational control will be considered and the available evidence on
regulation of protein synthesis in Xenopus oocytes summarised. In
reticulocytes although there is about 15 times as much cc as p globin
mRNA equal amounts of the two globin chains are synthesised. The
conclusion, that each cc globin mRNA initiates protein synthesis only
60% as frequently as each p globin mRNA was derived from the
observation that each p globin mRNA contains 15 times as many
ribosomes as each cc globin mRNA and that the rate of polypeptide chain
elongation and termination are the same for the two mRNAs (see Lodish
(1976) for review). Lodish (1974) proposed that the differential
efficiency with which mRNA5 were able to initiate protein synthesis
might control the rate and relative levels of protein synthesis. Thus
if the initiation step were to become limiting for example, by a
change in ionic concentration or availability of initiation factors in
the cell, "strong" mRNAs would become favoured over "weak" mRNAs0
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Translational control dependent on the presence or absence of hemin
in reticulocytes can be considered in the light of this model. Thus
in the absence of hemin reticulocyte polysomes disaggregate as a
result of a block in reinitiation and in the reticulocyte lysate cell
free system protein synthesis ceases after a few minutes

The

inhibition is caused by formation of a translational inhibitor from a
latent proinhibitor0 This inhibitor seems to be a protein kinase
whose main or-only substrate is the smallest subunit of initiation
factor e 1F2 (for review see Revel and Groner (1978))

A mo.e1 has also been proposed whereby translational control may be
achieved by mRNA specific factors (Besteretal, 1975)

This is based

on observations that poly A containing mRNP5 from embryonic chick
muscle have a small oligo U rich region containing RNA molecule
associated with them, which can inhibit translation of poly A RNAs
from the same rnRNPs

Some evidence in support of this model has been

demonstrated (Heywood and Kennedy (1976))

Isolation of a low

molecular weight RNA from 16 day old chick embryonic heart, which is
capable of inducing a specific mode of changes in early embryonic
cells cultivated in vitro has been reported (Deshpande et al, 1977)
These changes were characteristic of embryonic heart differentiation

In differentiating muscle cells the putative myosin mRNA appears to
be first stabilised and stored in free cytoplasmic mRNP particles
before being translated on polysomes (Buckingham, 1974; Buckingham et
al, 1976)

This result could be consistent with either of the models

discussed above.
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Most eucaryotic and viral mRNAs contain a poly A tail at the 3' end
and capping structure of the form m 7 G 5 ppp5'XmYm at the 5' end.
It is possible that these may play a role in the translational
activity of the mRNA. Evidence suggests that the poly A tail does not
affect the translational activity (for example Sippel et al, 1974),
but is important for the functional stability of the mRNA (Huez et al,
1974; Marbaix etal, 1975)

There is some evidence that mRNAs without

caps are translated less efficiently than mRNAs with caps (Furuiuchi
et al, 1976; Both et al, 1975; Muthukrishnan et al, 1975) but there is
dispute about the absolute stringency of cap requirement (for review
see Revel and Groner (1978))

Enzymatic removal of caps may serve as

a negative translational control since the cap has been demonstrated
to protect the mRNA from 5' exonucleolytic degradation (see Revel and
Groner, 1978)

In summary translational control has been demonstrated in various
cell types and models proposed to explain how it might operate.
Changes in the pattern of protein synthesis can take place during
maturation and early development of amphibian and sea urchin eggs in
the absence of nuclear activity (see chapter 1)

It seems feasible

therefore that the oocyte may be able to control the changing pattern
of protein synthesis during oogenesis at a post transcriptional level.

In previtellogenic oocytes of X0laevis cell free translation
studies have indicated that the coding properties of poly A 4 RNA
from cytoplasmic free and polysome associated mRNPs are identical
(Darnbrough and Ford, 1976), so that sequestration of certain
sequences entirely in one fraction is unlikely at least in
previtellogenic oocytes0
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In full grown X0laevis oocytes the translational capacity is fully
saturated (Laskey et al, 1977) thus it is not essential that the
stored mRNAs are"masked" either by cytoplasmic localization or by
association with protein. Instead the free mRNPs may be in
equilibrium with those which are polysome associated. However the
translational efficiency of intact free mRNPs has not been tested.

Full-'grown oocytes can correctly and efficiently translate mRNAs
from a variety of different species and cell types (see Gurdon, 1974
for review). If rabbit globin mRNA is injected into oocytes in the
absence of hemin thy ratio of cc to p globin chains produced is about
1:10 and in the presence of hemin there is a specific five fold
enhancement of

globin mRNA translation. The mechanism of hemin

action was demonstrated not to be in stabilizing oz globin mRNA
(Giglioni et al, 1973)

These results indicate that a control at the

level of initiation may exist in full grown Xenopus oocytes similar to
that proposed in reticulocytes0 However Lingrel and Woodland (1974)
observed that both cr and p globin chains are translated on the same
size of polysomes whatever the injected mRNA concentration indicating
that the rate of initiation is not limiting. They suggest efficient
translation of mRNA may depend on the binding of a recruitment"
factor prior to ribosome binding. Since it is possible to displace
established translation by injecting naked mRNA, "recruited mRNA must
be in equilibrium with untranslated mRNA (Laskeyetal, 1977)

It is

also possible that binding of one ribosome to mRNA may increase the
probability of binding subsequent ribosomes so that mRNA in polysomes
will remain fully itaded with ribosomes even if initiation is rate
limiting (Laskeyetal, 1977)

7,9

To explain unequal synthesis of cc and p globin mRNAs in the oocyte
Lingrel and Woodland (1974) propose a block in elongation about half
way along the

cc

globin mRNA. Hemin could be proposed to act by

altering the secondary structure of the mRNA to relieve this block.

Darnbrough and Ford (1976) demonstrated that the presence or
absence of the 5' cap on mRNA sequences is unlikely to be an important
regulatory mechanism in controlling protein synthesis during
oogenesi

S

The available evidence on regulation of protein synthesis in
Xenopus oocytes could therefore be in agreement with a variety of
different control mechanisms. It may be that several control
mechanisms operate during oogenesis and that the relative importance
of the the various mechanisms varies at different stages.

In conclusion, the present experiments have advanced our knowledge
of the accumulation and storage of transcriptional products and of the
synthesis and accumulation of their associated proteins during
oogenests0 A number of different control systems over protein
synthesis have been demonstrated to operate during oogenesis and
proteins which would be of interest to study in greater detail have
been identified. Interspecies differences in electrophetic mobility
of proteins between X0laevis and X0borealis which would be useful
markers in a proposed heterologous system to study possible
translational control mechanisms have been identified. Finally
evidence for transLational control and possible models for its
mechanism in other systems were discussed and compared with available
evidence for Xenopus oocytes0
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