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In recent years the importance of the role of deoxyribonucleic acid (DNA) and
the various ribonucleic acids in protein synthesis and the significance of the origin
of new proteins in cellular differentiation have become increasingly clear. It now
seems an accepted fact that the nucleus is the major site of ribonucleic acid (RNA)
synthesis in a wide variety of cell types, including developing oocytes (IFicq, 19601 ;
IFicq, et al., 1963 ; Favard-Séréno and Durand, 1963a). However, as far as intra-
nuclear metabolism is concerned, the situation is far from clear. Favard-Séréno
and Durand (1963a) observed that the chromosomes are the primary site of RNA
synthesis in follicle cells of the cricket ovary; from its source RNA then migrates
to the nucleolus where it accumulates before moving to the cytoplasm. Presumably
the nucleolus in these cells is serving simply as a temporary storage depot for RNA.
However, for a wide variety of cells, and this includes a number of types of
developing oocytes (for example, Ficq, 1953, 1955a, 1955b; Edstrom, 1960 ;
[edstrom et al., 1961 ), the conclusion has been that the nucleolus 1s an important
site of RN'A synthesis providing a major portion of cytoplasmic RNA.

One approach to the problems of whether the nucleolus is simply accumulating
RNA and whether or not RNA synthesis is correlated with DNA and protein
synthesis in developing eggs has been the use of radioautography. Various investi-
gators (for example, Brachet and Ficq, 1956; Ficq, 1959) have employed specific
radioactive precursors to determine the site of synthesis of RNA, DNA, and proteins
within developing oocytes, and to follow the subsequent migration of these macro-
molecules. The oocytes thus far investigated have been mainly those of amphibians
(Ficq, 1955a; Ficq et al., 1958 ; Pantelouris, 1958 ; Gall, 1963 ; Ozban et al., 1964),
echinoderms (Ficq, 1955b, 1962 ; Geuskens, 1963, 1965), and insects (King and
Jurnett, 1959; Nigon and Nonnenmacher, 1961; Favard-Séréno and Durand,
1963a, 1963b; Vanderberg, 1963 ), and, more recently, of an echiuroid worm (Das
et al., 1965), and two species of polychaetous annelids (Tweedell, 1964, 1960 ;
Allen, 19606).

The developing oocytes of the polychaete, Autolytus edwarsi, which were used
in the present investigation, incorporate uridine-H?® with unusual rapidity (Allen,
1966), and also incorporate phenylalanine-H®. It was thus felt that the details
of the results on Autolytus eggs should be reported, and particularly in view of
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the fact that varying results have been reported as to the site of RNA and protein
synthesis in unfertilized eggs.

The following description will serve as background for the radioautographic
study. The writer recently has pointed out that “The Syllidae are unusual among
the polychaetes in that some genera of this family I(.‘[)I‘O(]ll(‘e both asexually by the
formation of stolons from a parent stock, and sexually by the union of gametes
from male and female individuals which, in turn, originate from stolons produced
asexually” (Allen, 1964, page 187). The genus Autolytus is a gjood e\ample of
this type of life cycle. The eggs of the budding form of A. edwarst develop in a
rather unusual manner (Gidholm, 1963). Gidholm confirmed Meyer's discovery
(1914) that ovaries occur only in the stod\' of Autolytus vet the whole chain of
stolons, even the undifferentiated ones, may contain well developed eggs. Gidholm
points out that Meyer “correctly interpreted these facts to mean that the eggs are
not formed in the stolons but rather in the posterior part of the stock, from where
they are transported to the stolons” (Gidholm, 1963, page 529). According to
Gidholm, the oocytes are released from the ovary, not into the coelom as Meyer
had thought, but into an epithelial-lined oocyte cavity which 1s continuous from the
ovaries of the stock through the region of |;ml1temtmn to the budding stolons. By
vital staining of the oocytes, Gidholm was able to follow migrating eggs from the
oocyte cavity of the stock through the region of proliferation where the cavity
narrows to a canal, and then into the differentiating stolons in which the continuous
oocyte cavity enlarges again (Gidholm, 1963, page 533, Figs. 1 and 2, and page
538).

The budding form of A. edwarsi with its linear chain of successively differ-
entiating stolons provides an ideal place for the study of cellular differentiation ; it
1s small enough so that in the present study the whole organism (stock with
attached stolons) was treated with labeled precursors for nucleic acids and proteins.
Since the oocytes are the largest cells and thus lend themselves to more accurate
cytological analysis than do the other cells, the results presented first are those
demonstrating incorporation of labeled precursors into developing eggs

The results indicate that RNA is synthesized (or accumulated) in the nucleolus
of the developing oocytes from which it migrates to the rest of the nucleus and then
to the cytoplasm (also see Allen, 1960). Protein synthesis, on the other hand,
appears to occur throughout the developing oocyte (i.e., in the nucleolus, the non-
nucleolar regions of the nucleus, and the cytoplasm). There was no evidence of
incorporation of thymidine into the developing oocvtes, indicating the absence of
any appreciable DN A synthesis.

MATERIAL AND METHODS

The budding form of Autolytus edwarsi lives in association with the hydroid,
Laomedea (Obelia) geniculata, which in turn, is found abundantly on the brown
alga, Laminaria. Stocks of A. edwarst with linear chains of stolons, and stocks
which were not obviously budding, were kept until needed in small covered glass
dishes supported on a perforated tray suspended in the sea water aquarium. Pre-
liminary experiments in which stocks with their attached stolons were immersed
in the isotope solutions indicated that these multicellular organisms were small
enough so that very short periods of treatment were sufficient to permit diffusion
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of radioisotopes through their body wall. Tritiated uridine, thymidine, and phenyl-
alanine were used to determine the site of synthesis (or accumulation) of RNA,
DNA, and protein, respectively, in the tissues of the stock and differentiating stolons
of A. edwarsi. The treatment with radioisotopes, subsequent fixation of the worms,
and embedding in paraffin were done at the Kristineberg Zoological Station,
Sweden, in the fall of 1963.

In general, 10 stocks with their differentiating stolons were treated at a time
in one milliliter of a solution of radioisotope in filtered sea water. During exposure
to the isotope, the cover of the glass dish in which they were treated was lined
with a layer of filter paper moistened with distilled water to prevent evaporation
and maintain the proper humidity. Worms were immersed thus for periods
arying from 2 minutes to 20 hours in one of the following radioisotopes: 2.5 uc./
ml. of uridine-H* (090 c./mM, Schwarz Bioresearch, Inc.), 2.5 pc./ml. of
thymidine-H®* (6.05 c./mM, Schwarz Bioresearch, Inc.) or approximately 2.5
pe./ml. of DI.-phenylalanine-H?® (33.2 mc./mM, New England Nuclear Corpor-
ation). In early experiments, following exposure to the isotope, the worms were
washed in several changes of sea water (200 ml. for each change), but in later
experiments they were placed in an excess of non-labeled precursor, i.e., uridine,
thymidine, or DL-phenylalanine, in filtered sea water. The treated animals were
fixed in four changes of acetic-alcohol (1:3) of approximately 10 minutes each, at
room temperature in the earlier experiments but at refrigerated temperature in
later ones (the lower temperature decreased the amount of muscular contraction).
The fixative was washed out in four changes of 70% ethanol; the last change was
overnight at 4° C. The animals were then dehydrated and embedded in paraffin.
Serial sections were cut at 5 u. Control sections were extracted as follows: (1)
worms treated with uridine-H?®: slides of tissue sections were extracted in
ribonuclease (Worthington, 0.02% at pH 6.5 for one to two hours at 37° C.) ;
(2) worms treated with thymidine-H? : tissues sections were extracted in deoxyribo-
nuclease (Worthington, 0.02% or 0.04% in 0.003 M MgSO, at pH 6.5 for one
to two hours at 37° C.); (3) worms treated with DL-phenylalanine-H?*: (a) a
few slides were placed in ribonuclease as in (1) above; another group was placed
in deoxyribonuclease as in (2) above; (c¢) some tissue sections were digested in
deoxyribonuclease as in (2) followed by ribonuclease as in (1); (d) other tissue
sections were hydrolyzed in 5% TCA at 90° C. for 30 minutes to remove both
DNA and RNA.

After the extractions, in making the first sets of radioautographs, both extracted
sections and those not digested with enzymes were placed in dilute solutions of the
appropriate non-labeled precursor (uridine, thymidine, or DI.-phenylalanine) in
distilled water and air-dried. For the rest of the radioautographs, extracted sections
and those not digested with enzymes were treated for 5 minutes in 5% trichloracetic
acid (TCA) at 2-4° C. to remove acid-soluble nucleotides. Sections were then
passed through three changes (10 minutes each) of cold 70% ethanol and air-
dried. Some of the sections of worms treated with thymidine-H? (including
samples of sections digested in deoxyribonuclease and non-extracted sections) were
hydrolyzed in 1 N HCI and stained with Feulgen ; slides were subsequently air-
dried from 70% ethanol.

The dried slides were then placed in distilled water in a water bath at 44-45° C.
and coated with Kodak NTB3 liquid emulsion. After drying, slides were placed
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in sealed black boxes at 4° C. Following various exposure times, coated slides
were developed in D-11 and air-dried.

The sections of budding worms which had been treated with thynudine-H? and
stained with Feulgen were then either mounted directly with euparal or were first
counterstained with 2% acidified fast green, and mounted in Canada balsam. The
remaining sections of animals treated with thymidine-H?, and most of the sections
of animals treated with uridine-H?, were stained with 0.025% azure B in pH 4
Mcllvaine’s buffer at 37° C. for periods up to 15 minutes. After staining with
azure B (Woodard, Rasch and Swift, 1961) most of the slides were rinsed in
distilled water for several minutes, air-dried (this avoided the white precipitate
formed after tertiary butyl alcohol) and mounted in euparal. The rest of the
sections of animals treated with uridine-H?, and the majority of sections treated
with DI.-phenylalanine-H?, were stained for 15 to 30 seconds in 0.1% toluidine
blue at pH 6, rinsed in 95% ethanol, air-dried, and mounted in euparal.

The remainder of the sections of worms treated with DI.-phenylalanine-H?*
were stained one hour in 1% aqueous fast green at pH 2 (Woodard, Rasch and
Swift’'s modification, 1961, of Schrader and I.euchtenberger, 1950).

REsuLTS

In radioautographs, silver grains over a particular structure were interpreted
as an indication of incorporation of the radioisotope precursor into that structure
and as signifying synthesis; the presence of silver grains after short pulses may
indicate initial synthesis, after longer pulses may indicate transfer or accumulation
as well as synthesis.

RNA synthesis. In the developing oocytes of Autolytus edwarsi, incorporation
of uridine-H?, as evidenced by overlying silver grains, was noted primarily in cell
structures which were shown cytochemically to contain RNA. Developing oocytes
of stolons which had been treated with uridine-H?® for two to fifteen minutes show
incorporation of the radioisotope primarily over nucleoli (Fig. 1). In two stolons,
some of the eggs after a 5-minute pulse and 10-minute pulse, respectively, had a
few silver grains over the non-nucleolar portion of the nucleus although most of
the grains were concentrated over the nucleolus. Other eggs of these two stolons

All figures are radioautographs of sectioned material which had been coated with Kodak
NTB3; the photomicrographs were all taken at the same magnification with Contrast Process
Ortho film.2

Ficure 1. A large oocyte given a 10-minute pulse of uridine-H?; exposure, 14 days; stain,
azure B at pH 4. Silver grains over nucleolus only.

Ficure 2. Two oocytes given a 30-minute pulse of uridine-H?®; exposure, 14 days; stain,
azure B at pH 4. Silver grains over non-nucleolar regions of the nucleus as well as the
nucleolus.

Ficure 3. Oocytes given a 2-hour pulse of uridine-H”; exposure, 3 days; stain, azure B
at pH 4. Silver grains over the nucleoli and non-nucleolar regions of the nuclei, and beginning
to appear over the cytoplasm.

Ficure 4. RNase-digested control for oocytes shown in Figure 2; stain, azure B at pH 4.
The arrows indicate the diameter of the nucleus. Note the absence of silver grains other than
background, as well as the absence of color.

2 The first three figures were published by the writer's permission in Dr. J. R. Collier’s
review article in “Current Topics in Developmental Biology,” Vol. I, 1966, Academic Press,
New York.
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showed no grains other than background over any part of the egg. Radioautographs
of eggs exposed to uridine-H? for 30 minutes show grains over the nucleolus and
over the rest of the nucleus (Fig. 2). In Figures 1 and 2 the eggs had the
same exposure time so the number of grains indicates the relative amount of RNA
synthesis. Oocytes exposed to the radioisotope for two hours show a few grains
over the cytoplasm as well as over the nucleolus and non-nucleolar regions of the
nucleus (Fig. 3). Further increase in length of exposure to uridine-H?® resulted
in an increased number of silver grains over the cytoplasm (Fig. 5), especially in
the case of younger eggs (Fig. 6). This difference between older and younger
eggs 1s even more marked than the photomicrographs suggest as the younger eggs
received a shorter pulse (9 hours instead of 16 hours) and a shorter exposure
period (3 days instead of 8 days) than did the older oocytes. In radioautographs
of eggs pre-digested with RNase and stained with azure B, the color reaction for
RNA was absent and very few silver grains were present (Fig. 4). These results
were interpreted as showing that the most rapid synthesis of RNA occurs in the
nucleolus of the developing oocytes of A. edwarsi, from which it migrates to the
rest of the nucleus and then to the cytoplasm. The presence of the few grains
over the non-nucleolar regions in some eggs after S-minute and 10-minute pulses
may indicate synthesis of chromosomal RNA or, as compared with other eggs, a
precocious migration of nucleolar RNA into the nucleoplasm. Iigures 3 and 5
indicate that only slight transfer of nuclear RNA has occurred within two hours
and that only moderate transfer has been accomplished after 16 hours (some of
the cytoplasmic grains in Figure 5 are background). After a 20-hour pulse,
results are similar to those observed after a 16-hour pulse. Thus the nucleolus
appears to be extremely active in RNA synthesis during the growth period of
oogenesis, and migration of RNA to the cytoplasm is a relatively slow process,
at least during the latter part of the growth period.

A sacconereis stage with the body cavity packed with fully grown oocytes
metaphase [ (the eggs of Autolytus are fertilizable at this stage; Allen, 1964, and
Gidholm, 1965) was given a 20-hour pulse of uridine-H?. The results are
illustrated by Figure 7. Of particular interest is the absence of grains (other than
background) over all parts of the eggs. Thus, provided the permeability of the
egg to uridine has not changed, it would appear that no significant RNA synthesis
is occurring in fully grown eggs that are ready to be fertilized; this suggests that
the synthetic machinery for RNA is turned off by the end of the growth period
in this species.

Ficure 5. Qocytes given a 16-hour pulse of uridine-H?; exposure, 8 days; stain, azure B
at pH 4. Silver grains over the nucleoli and the non-nucleolar regions of the nucleus, and
more obvious over the cytoplasm than in Figure 3.

Ficure 6. Two young oocytes given a 9-hour pulse of uridine-H®; exposure 3 days; stain,
azure B, pH 4. In comparison with Figure 5, the silver grains are more concentrated over
the cytoplasm.

Ficure 7. A fully grown oocyte at metaphase 1 (polar view showing 6 chromosomes)
given a 20-hour pulse of uridine-H*; exposure, 3 days; stain, azure B, pH 4. Note the absence
of silver grains other than background.

Ficure 8 Oocytes given a 30-minute pulse of phenylalanine-H?®; exposure, 21 days; stain,
azure B, pH 4. Note that silver grains are scattered over nucleoli, non-nucleolar portions of
nuclei, and cytoplasm,
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Protemn synthesis. The number of budding worms treated with phenylalanine-H?
was smaller than in the case of uridine-H? and very few of those treated had large
oocytes. Following pulses of 30 minutes to 20 hours, radioautographs showed
scattered silver grains over all parts of the developing eggs. Extraction with ribo-
nuclease, deoxyribonuclease or hot TCA did not prevent fast green from staining
the eggs, nor did it reduce the number of silver grains; therefore, it was assumed
that phem']zllanine-] [ was being incorporated specifically into proteins. "As shown
in Figures 8 and 9, there are scattered grains over all parts of the developing eggs
with no concentration of grains over the nucleolus. It thus seems apparent that
all parts of developing oocytes (nucleoli, non-nucleolar regions of the nucleus, and
cytoplasm) are synthesizing proteins, and that the nucleolus is no more active than
any other part of the egg in this synthesis.

An older female stolon which had been given a 20-hour pulse was found to
have the body cavity packed with a mixture of fully grown oocytes and cleavage
stages (presumably fertilization had occurred accidentally, as normally in Autolytus
fertilization and early development take place in a ventral egg sac or brood pouch
Gidholm, 1965, and Allen, 1964). Figures 10 and 11 are photomicrographs from
the same radioautograph. Figure 10 shows an undivided egg in metaphase I;
Figure 11 shows a cleavage stage in Il]E‘td])]ldhe (some of the grains are back-
ground). A comparison of the two stages shows that the fully grown unfertilized
egg is synthesizing little, if any, protein. In contrast, the grains over the cytoplasm
of the cleaving blastomeres indicate that protein synthesis is occurring. Of par-
ticular interest, however, is the concentration of grains over the nuclear regions
and spindles of cleaving blastomeres and the absence of grains other than back-
ground over the spindles of unfertilized eggs. Thus it seems clear that proteins
for the mitotic spindles are being synthesized during cleavage whereas the proteins
for the meiotic spindles are synthesized prior to the maturation divisions.

DNA synthesis. Budding female stocks at various stages of differentiation
were treated with thymidine-H? following pulses of five minutes to twenty hours;
radioautographs of the stolons showed no silver grains other than background over
the eggs. Figures 12 and 13 show radioautographs of developing oocytes following
a 00-minute pulse. The absence of silver grains indicates that the oocytes of .
edwarsi, whether they are large or small, do not incorporate thymidine- T This
is not because this precursor of DNA was not diffusing to them, for aggregates of
silver grains (indicating incorporation and hence synthesis of DNA) were observed
over nucle1 in parapodia (md other tissues in the same a(lludutoord])hs.

Ficure 9. Young nuutm given a 60- nmmte pulse of phcmldl anine-H?; c\]nm.llc 60 (1:1\‘~
stain, toluidine blue at pH 6. Even with a longer pulse and longer exposure period than the
eggs shown in Figure 8, silver grains are still not concentrated, but are scattered over the
entire oocyte.

Ficures 10 anxp 11. A fully grown unfertilized oocyte (Fig. 10) and a cleavage stage
‘Fig. 11) from the same radioautograph; both were simultaneously given a 20-hour pulse of
phenylalanine-H?; exposure 6 days; stain, azure B, |>II 4: some of the 511\(1 grains are back-
ground. In comparison with the younger oocytes in Figures 8 and 9, note the scarcity of
grains over the fully grown oocyte. In comparison with the cleavage stage (Fig. 11), note
the absence of silver grains other than background over the meiotic spindle, and the few
zrains in the cytoplasm.

Freures 12 axp 13. Oocytes in different stages of growth, all from the same stolon, which
were given a 60-minute pulse of thymidine-H®; exposure 7 days; stain, azure B, pH 4. Note
the absence of silver grains over all parts of the eggs, whether the oocytes are large or small.
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That no significant synthesis of DNA was occurring in these oocytes is borne
out by the staining reactions. DNA was demonstrated by Feulgen and azure B
in various tissues of the stocks and differentiating stolons but not in developing
eggs. Apparently this nucleic acid 1s too dispersed in developing oocytes of this
polychaete to give a positive reaction with the cytochemical methods used. Earlier,
this was found to be the case in fully grown oocytes of Diopatra (another poly-
chaete) ; the writer, however, successfully demonstrated the presence of DNA by
staining with gallocyanin-chromalum (Allen, 1961). In the case of Autolytus
eggs, tests for DNA were negative following gallocyanin-chromalum. Judging,
then, from radioautographs and cytochemical tests, the DNA in the germinal
vesicle of Autolytus edwarsi is diffusely distributed and presumably was synthesized
very early in oogenesis.

Discussion

The preferential uptake of uridine into the nucleolus of Autolytus oocytes is in
essential agreement with the results from other eggs (Tweedell, 1966 ; Piatigorsky
et al., 1967). RNA synthesis is more rapid during the earlier part of oogenesis,
while there 1s no significant synthesis of RNA in the fully grown egg; however,
the absence of information concerning uptake of uridine by the unfertilized egg
prevents one from drawing a definite conclusion (compare, for example, Piatigorsky
and Whiteley, 1965; Gould, 1965; Siekevitz et al., 1966). Thus at the end, or
near the end, of the growth period, genetic transcription may cease in Autolytus.

The most rapid synthesis of RNA in Autolytus oocytes occurs in the nucleolus
from which it migrates to the rest of the nucleus and then to the cytoplasm.
Recently, Penman et al. (1966) have demonstrated in Hela cells that all of the
455 precursor to ribosomal RNA is contained in the nucleolus and that this
precursor yields a 165 RNA that i1s rapidly transferred to the cytoplasm, as well
as a 35S fragment that remains in the nucleus for a short time. This 35S portion
subsequently fragments to produce 28S ribosomal RNA that moves into the cyto-
plasm. The RNA in Autolytus oocytes which accumulates in the nucleolus and
moves from there to the rest of the nucleus and then to the cytoplasm fits the
pattern of transfer of ribosomal RNA in Hel.a cells. Thus the RNA synthesized
in Autolytus eggs may represent different types of ribosomal RNA. There is
evidence that other oocytes (particularly their nucleoli) synthesize, or accumulate,
relatively large amounts of ribosomal RNA (Davidson ef al., 1964 ; Brown, 1964,
1966 ; Brown and L.ittna, 1964b, 1966 ; Gross et al., 1965 ; Vincent et al., 1966).

From other work, 1t 1s known that messenger RNA 1s also produced in devel-
oping oocytes (Slater and Spiegelman, 1966 ; Davidson et al., 1966 ; Crippa et al.,
1967), and probably transfer RNA (Vincent ef al., 1966). Most radioautographic
studies, including the present one on Autolytus, provide insufficient evidence for
determining whether or not the RNA that is rapidly synthesized in developing
oocytes represents one or more types of RNA; however, the fact that protein
synthesis 1s also occurring in Autolytus oocytes indicates that messenger RNA 1s
produced during oogenesis.

The developing oocytes of Adutolytus synthesize their own RNA during the
crowth period of oogenesis instead of relying on nurse cells. This is in contrast
to the developing eggs of the polychaete, Diopatra, in which cytochemical evidence
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suggests that RNA is passed from nurse cells across a cytoplasmic bridge to the
developing oocyte (Allen, 1961). It is also in contrast to the developing eggs of
certain insects which apparently are furnished at least part of their RNA by follicle
cells, or by specialized nurse cells (Sirlin and Jacob, 1960; Favard-Séréno and
Durand, 1963a; Vanderberg, 1963).

Favard-Séréno and Durand (1963a) observed that in the cricket ovary it is
the chromosomes of the follicle cells that are the primary site of RNA synthesis.
[‘'rom its source RNA then migrates to the nucleolus where it accumulates before
moving to the cytoplasm. It was pointed out in describing radioautographic re-
sults for Autolytus that the eggs of a few stolons are exceptions in having silver
orains over the non-nucleolar regions of the nucleus after a pulse of 5 to 10 minutes.
Differences in permeability of stolons of different ages might account for the varia-
tion or, as compared with the majority of eggs, the exceptions may indicate a pre-
cocious migration of nucleolar RNA into the nucleoplasm due to a variation in
synthetic rates among nucleoli. Another possible mterpretation is that RNA is
being synthesized by the chromosomes and is migrating in the reverse direction,
i.e., from chromosomes to nucleolus, as in the follicle cells of the cricket ovary.
Should this be the case, one must still assume that the nucleolus in these oocytes
represents an extremely active site of RNA synthesis; otherwise, uridine would
not be incorporated so rapidly into the nucleoli of the majority of oocytes. It is
also possible that transfer in both directions is occurring; i.e., that some grains
over the non-nucleolar portions of the nucleus may indicate RNA migrating from
chromosomes to the nucleolus, while others may represent RNA migrating from
the nucleolus to the cytoplasm. The results of the present study suggest that the
major movement would be the latter.

Protein synthesis. The evidence provided by the present investigation indi-
cates that all parts of the developing oocytes of A. edwarsi—i.e., nucleolus, the rest
of the nucleus, and cytoplasm—synthesize proteins. There was no preferential
localization of silver grains; in other words, the nucleolus did not appear to be a
major source of synthesis (or accumulation) of proteins.

In contrast to the non-localized uptake of protein precursors in Autolytis oocytes,
[Ficq (1953, 1955a, 1955b) demonstrated that the nucleolus of starfish and amphi-
bian oocytes is more active than the rest of the egg in incorporating glycine and
phenylalanine, suggesting a higher degree of proten synthesis in the nucleolus.
[ .ater work on amphibian oocytes demonstrated that phenylalanine was incorporated
uniformly in the cytoplasm, and also labeled the nucleus (Brachet and Ficq, 1956
IFicq et al., 1958). Pantelouris ( 1958), using Triturus oocytes, demonstrated that
the site of uptake of protein precursors and the direction of their migration within
developing oocytes depends on whether or not vitellogenesis is occurring. Iicq.
Pavan and Brachet (1958) had concluded that the nucleus, particularly the lamp-
brush chromosomes, may be active in synthesizing proteins. More recently, Gall
(1963) demonstrated in oocytes of the newt that the lampbrush chromosomes
incorporate phenylalanine throughout the length of their loops, thus providing evi-
dence that these chromosomes are active in protein synthesis.

Brachet (1960) points out that radioautographic studies indicate that the nucleo-
lus play a more conspicuous role in RNA synthesis than in protein synthesis. One
can conclude from the radioautographs of Autolytus that RNA is being synthesized
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more rapidly than proteins in the nucleoli of developing eggs. It has been demon-
strated for the clawed toad that a marked synthesis of ribosomal RNA occurs
during oogenesis ( Brown, 1964), and that new ribosomal RNA does not occur
until the beginning of gastrulation (Brown and Littna, 1964a). This suggests that
the ribosomal RNA stored during oogenesis is the only ribosomal RNA available
for protein synthesis up to the time of gastrulation. Perhaps the transfer of rap-
idly synthesized RNA from nucleolus to cytoplasm in Autolytus oocytes means
that messenger and/or ribosomal RNA is being stored during oogenesis for later
use, t.c., for early embryonic development.

The radioautographic observations on Autolytus eggs indicate that no sig-
nificant incorporation of DI.-phenylalanine-H® is occurring in fully grown oocytes
in metaphase I, while during cleavage incorporation does occur, being heaviest
over the nuclear and spindle regions. A preferential incorporation of DI.-leucine-
H?® into mitotic spindles of early cleavage stages has been demonstrated in the sea
urchin (Gross and Cousineau, 1963 : Gross, 1964), the label ]_)Cing llighly selective
for the spindles and nuclei. The evidence from radioautographs of Autolytus sug-
gests that in these eggs also the proteins for the mitotic spindles are being synthe-
sized during cleavage. In contrast, it would appear that proteins for the meiotic
spindles are synthesized prior to the maturation divisions so presumably they are
simply assembled during meiosis. It is well established that fully grown unfer-
tilized eggs of the sea urchin show little metabolic activity but that a marked protein
synthesis begins almost immediately after fertilization (Hultin, 1950, 1961 ; Giudice,
et al., 1962; Tyler, 1963; Gross, 1964); some of these new proteins are thus
required for mitosis (Hultin, 1961 ; Gross, 1964).

DNA synthesis. As noted above, the evidence presented indicates that the
developing oocytes of A. edwarst do not incorporate thymidine-H?. It thus seems
evident that no significant DNA synthesis is occurring during the growth period
of oogenesis, either in the developing germinal vesicle or in the cytoplasm. It was
concluded, therefore, that nuclear DNA synthesis must occur very early in oogene-
sis.  For another polychaete, Pectinaria, Tweedell (1966) recently demonstrated
that nuclear uptake of thymidine-H?® is restricted to the early period of oogenesis,
i.e., before the growth of the oocyte begins. Similarly, in various other species
studied, the evidence shows that thymidine-H?® is not incorporated into the nucleus
during the growth period of the egg. This is true for oocytes of the sea urchin
(Ficq et al., 1963), the cricket (Favard-Séréno and Durand, 1963b), and the mouse
(Mintz, 1964). Nor 1s thymidine incorporated into the germinal vesicle of the
fully grown oocyte in most species studied (Ficq, 1961; Simmel and Karnofsky,
1961 ; Nigon and Nonnenmacher, 1961 ; Favard-Séréno and Durand, 1963b; Ficq
et al., 1963). Probably in all these forms synthesis of nuclear DNA occurs early
in oogenesis as has been demonstrated for the mouse egg (Rudkin and Griech,
1962). Recently, in the adult promsimian, Galago demidoffi, loannou (1967) dem-
onstrated incorporation of thymidine-H?® by oocytes at pre-leptotene or leptotene
as well as by oogonia in prophase. These developing germ cells of the adult
ovary thus are capable of synthesizing DNA but whether they ever become func-
tional eggs has not been determined.

In Autolytus eggs no cytoplasmic synthesis of DNA was evident. Tweedell
(1966), however, was able to demonstrate cytoplasmic uptake of thymidine-H? in
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developing Pectinaria oocytes, suggesting the synthesis of cytoplasmic DNA 1in
these eggs. Piko, Tyler and Vinograd (1967) recently have demonstrated DNA
in mitochondria and yolk spheres of sea urchin eggs. They cite a number of
papers that demonstrate that large amounts of cytoplasmic DNA occur in the
mature eggs of many species of animals. For some oocytes, it has been shown that
the associated follicle cells contribute to ooplasmic DNA. Incorporation of thymi-
dine occurs in the nuclei of follicle cells in the cricket with a subsequent transfer of
radioactive DNA into their cytoplasm and into the ooplasm (Favard-Séréno and
Durand, 1963b). The possibility still exists that cytoplasmic DNA occurs in
Autolytus oocytes but since no incorporation of thymidine was evident, it appears
that no DNA synthesis was taking place during oogenesis.

The writer gratefully acknowledges her indebtedness to Dr. B. Swedmark for
his many courtesies while she was carrying out this research at Kristineberg Zoo-
logical Station, and to Dr. D. M. Prescott for introducing her to the techniques of
radioautography. She also wishes to express her appreciation to Dr. J. R. Collier
for his critical reading of the manuscript and for his helpful suggestions.

SUMMARY

1. The incorporation of tritiated uridine, thymidine, and phenylalanine into
nucleic acids and proteins was studied in the developing oocytes of stolons pro-
duced by asexual budding in Autolytus edwarsu.

2. Extremely rapid incorporation of uridine-H? into the nucleolus of developing
oocytes suggests the importance of the nucleolus in the synthesis of RNA. Oocytes
exposed to uridine for successively longer periods than two to fifteen minutes show
silver grains over the non-nucleolar regions of the nucleus as well as the nucleolus,
and finally a number of grains appear over the cytoplasm (the relative number of
cytoplasmic grains is greater in younger oocytes). Results indicate that RNA 1s
synthesized mainly in the nucleolus of developing oocytes from which it migrates
to non-nucleolar regions of the nucleus and then to the cytoplasm. Transfer of
RNA to the cytoplasm is a relatively slow process in these eggs.

3. Fully grown oocytes at metaphase I (the stage at which Autolytus eggs are
fertilizable) do not incorporate uridine-H?, indicating that no significant synthesis
of RNA is occurring at the close of the growth period of oogenesis.

4. Phenylalanine-H?® was incorporated into all parts of the developing oocytes,
and was not incorporated more rapidly into the nucleolus. Thus it seems apparent
that all parts of developing eggs (nucleoli, non-nucleolar regions of the nucleus,
and cytoplasm) are synthesizing protein. Iully grown oocytes in metaphase I,
however, are synthesizing little, if any, protein. In contrast to ripe eggs, cleavage
stages are synthesizing proteins, particularly in nuclear and spindle regions. The
results for cleavage stages are similar to those of the sea urchin. The results for
Autolytus suggest that in these eggs the proteins for the mitotic spindles are being
synthesized during cleavage whereas the proteins for the meiotic spindles are syn-
thesized prior to the maturation divisions.

5. Thymidine-H?® was not incorporated into developing oocytes, indicating that
no significant DNA synthesis was occurring. Radioautographs and cytochemical
tests indicate that DNA is diffusely distributed in the germinal vesicle of Autolytis
edwarsi. Presumably in this species, DNA is synthesized very early in oogenesis.



300 M. JEAN ALLEN

LITERATURE CITED

ALLEN, M. J, 1961. A cytochemical study of the developing oocytes and attached nurse cells
of the polychaetous annelid, Diopatra cuprea (Bosc). Acta Embryol. Morphol. Exper.,
4:219-238.

AvLex, M. ], 1964. Embryological development of the syllid, Autolytus fasciatus (Bosc) (Class
Polychaeta). Biol. Bull., 127 : 187-205.

AvLLen, M. J., 1966. Nucleic acid synthesis in the developing oocytes of the budding form of
the syllid, Autolvtus edwarst (Class Polychaeta). Amer. Zool., 6: 607.

BracuEer, J., 1960. The Biochemistry of Development. Pergamon Press, New York.

BracuET, J., AnD A. Ficg, 1956. Remarques a propos du role biologique des acides nucléiques.
Arch. Biol., 67: 431-446.

Brown, D. D, 1964. RNA synthesis during amphibian development. J. Exp. Zool., 157:
101-113.

Brown, D. D, 1966. The nucleolus and synthesis of ribosomal RNA during oogenesis and
embryogenesis of Xenopus lacvis. Nat. Cancer Inst. Monogr., 23: 297-300.

Brown, D. D., anp E. Lirrna, 1964a. RNA synthesis during the development of Xenopus
laevis, the South African clawed toad. J. Mol. Biol., 8: 669-687.

Brown, D, D., anp E. Lirrna, 1964b. Variations in the synthesis of stable RNA's during
oogenesis and development of XNenopus lacvis. J. Mol. Biol., 8: 688-695.

Broww, D. D, anp E. Litrya, 1966. Synthesis and accumulation of low molecular weight
RNA during embryogenesis of Xenopus laevis. J. Mol. Biol., 20: 95-112.

Crirra, M., E. H. Davipson anp A. E. Mirsky, 1967. Persistence in early amphibian em-
bryos of informational RNA’s from the lampbrush chromosome stage of odgenesis.
Proc. Nat. Acad. Sci., 57: 885-892.

Das, N. K, P. Luvykx anp M. Avrrert, 1965. The nucleolus and RNA metabolism in Urechis
eggs. Dewvel. Biol., 12: 72-78.

Davipson, E. H., V. G. ALLrrey AxD A. E. Mirsky, 1964. On the RNA synthesized during
the lampbrush phase of amphibian odgenesis. Proc. Nat. Acad. Sci., 52: 501-508.

Davipson, E. H., M. Crirra, F. R. KraMmeEr anp A. E. Mirsky, 1966. Genomic function dur-
ing the lampbrush chromosome stage of amphibian oogenesis. Proc. Nat. Acad. Sci.,
56: 856-863.

EpstrOw, J.-E., 1960. Composition of ribonucleic acid from various parts of spider oocytes
J. Biophys. Biochem. Cytol., 8: 47-51.

Epstrén, J.-E., W. Gramer axp N. ScrHor, 1961. The intracellular distribution and hetero-
geneity of ribonucleic acid in starfish oocytes. J. Biophys. Biochem. Cytol., 11: 549-557.

[Favarp-StrENo, C., Axp M. Duranp, 1963a. L’utilisation de nucléosides dans l'ovaire du
Grillon et ses variations au cours de I'ovogenéese. I. Incorporation dans 'ARN. Dez.
Hfm’._. (512 184—2(]5.

Favarp-SErEN0, C., axnp M. Duranp, 1963a. IL’utilisation des nucléosides dans l'ovarie du
Grillon et ses variations au cours de 'ovogenése. Il. Incorporation dans 'ADN. Dez.
Biol., 6: 206-218.

Ficg, A., 1953. Incorporation in witro de glycocolle-I-*C dans les oocytes d’Asteries. Eux-
perientia, 9: 377-379.

Frco, A, 1955a. Etude autoradiographique du métabolisme des protéines et des acides nu-
cléiques au cours de l'oogénése chez les Batraciens. Exp. Cell Res., 9: 286-293.

Ficg, A., 1955b. Etude autoradiographique du métabolisme de l'oocyte d’Asterias rubens au
cours de la croissance. Arch. Biol., 66: 509-524.

Frcg, A., 1959. Autoradiographic study of the relation between nucleic acids and protein syn-
thesis. Lab. Investig., 8: 237-244.

Frco, A, 1961. Meétabolisme de 'oogéneése chez les amphibiens. In: Symposium on the germ
cells and earliest stages of development, pages 121-140. S. Ranzi, Ed., Fondazione A.
Baselli, Ist. Lombardo, Milano.

FrcQ, A., 1962. Localisation d'un acide ribonucléique (RNA) de transfert dans les oocytes
d‘Astéries. Euxp. Cell Res., 28: 543-548.

Ficg, A., F. AteLLo axp E. Scarano, 1963. Métabolisme des acides nucléiques dans l'oeuf
d’oursin en dévéloppement. Exp. Cell Res., 29: 128-1306.



RNA, DNA, AND PROTEINS IN QOOCYTES 301

Ficg, A., C. PavaN aNnD J. BracuET, 1958. Metabolic processes in chromosomes. Exp. Cell
Res. Suppl., 6: 105-114.

Garr, J. G., 1963. Chromosomes and cytodifferentiation. In: Cytodifferentiation and Macro-
molecular Synthesis (M. Locke, ed.), pages 119-143. Academic Press, New York.

GEUSKENS, M., 1963. Accumulation nucléolaire d’acide ribonucléique (RNA) dans l'oocyte
d’Astérie. Eaxp. Cell Res., 30: 322-330.

GEUSKENS, M., 1965. Etude autoradiographique et ultrastructurale de I'action de I'actinomycine
D sur les oocytes d’Astérie. Exp. Cell Res., 39: 400-412.

GmaoLM, L., 1963. The sexual organs in the budding form of .Autolvtus (Syllidae, Poly-
chaeta). Zoolog. Bidrag, Uppsala, 35: 529-543.

GroaoLM, L., 1965, On the morphology of the sexual stages, mating and egg laying in Auto-
Iytus (Polychaeta). Zoolog. Bidrag, Uppsala, 37: 1-44.

Grupice, G, M. L. Virrorerrr axp A. Moxroy, 1962, Investigations on the protein metabolism
during the early development of the sea urchin. Acta Embryvol. Morphol. Exper., 5:
113-122.

Gourp, M. C, 1965. RNA and protein synthesis in Urechis caupo oocytes. Amer. Zool., 5:635.

Gross, P. R, 1964. The immediacy of genomic control during early development. In: Differ-
entiation and development, proceedings of a symposium sponsored by the New York
Heart Association, pages 21-41. Little, Brown, Boston, Massachusetts.

Gross, P. R, anp G. H. Cousineau, 1963. Synthesis of spindle-associated proteins in early
cleavage. J. Cell Biol., 19: 260-265.

Gross, P. R, L. I. MaLki~x anp M. Hussarp, 1965. Synthesis of RNA during oogenesis in the
sea urchin. J. Mol. Biol., 13: 463-481.

Huvrrin, T., 1950. The protein metabolism of sea urchin eggs during early development studied
by means of N*-labeled ammonia. Exp. Cell Res., 4: 599-602.

Hurtin, T, 1961. Activation of ribosomes in sea urchin eggs in response to fertilization. FExp.
Cell Res., 25: 405-417.

ToanNou, J. M., 1967. Oogenesis in adult prosimians. J. Embryol. Exp. Morph., 17: 139-145.

Kinxg, R. C, axp R. G. Burnetrt, 1959. Autoradiographic study of uptake of tritiated glycine,
thymidine, and uridine by fruit fly ovaries. Science, 129: 1674-1675.

Mever, N. 1914, Zur ungeschlechtlichen Fortpflanzung von Autolvtus hesperidum.  Zool.
Anz., 44: 361-369.

Mixtz, B., 1964. Synthetic processes and early development in the mammalian egg. In:
Differentiation and development, proceedings of a symposium sponsored by the New
York Heart Association, pages 85-100.

Nicon, V. axp J. NoNNENMACHER, 1961. L’incorporation de la thymidine tritiée durant
I'oogénese de la Drosophile. Dewvel. Biol., 3: 210-224.

OzBaN, N., C. J. TANDLER AND J. L. SirriN, 1964. Methylation of nucleolar RNA during
development of the amphibian oocyte. J. Embryol. Exp. Morphol., 12: 373-380.

PanteLourts, E. M., 1958. Protein synthesis in newt oocytes. Exp. Cell Res., 14: 584-595.

Penwmax, S., I. Sarrre, E. Hortzyvax axp H. GrReEENBERG, 1966. RNA metabolism in the Hel.a
cell nucleus and nucleolus. Nat. Cancer Inst. Monogr., 23: 489-512.

Praticorsky, J., axp A, H. WaITELEY, 1965. A change in permeability and uptake of ["C]
uridine in response to fertilization in Strongvlocentrotus purpuratus eggs. Biochim.
Biophyvs. Acta, 108: 404-418.

Praticorsky, J., H. Ozagr anp A. TvyrLer, 1967. RNA- and protein-synthesizing capacity of
isolated oocytes of the sea urchin Lytechinus pictus. Dev. Biol., 15: 1-22.

Pixo, L., A. TyLER AND J. VINoGrAD, 1967. Amount, location, priming capacity, circularity and
other properties of cytoplasmic DNA in sea urchin eggs. Biol. Bull., 132: 68-90.

Rupkin, G. T., axp H. A. Griecu, 1962. On the persistence of oocyte nuclei from fetus to
maturity in the laboratory mouse. J. Cell Biol., 12: 169-175.

StEkEVITZ, P., R. MAGcio aAND C. CATALANO, 1966. Some properties of a rapidly labelled ribo-
nucleic acid species in Sphaerechinus granularis. Biochim. Biophys. Acta, 129: 145-156.

StmumEiL, E. B.,, Anp D. A. Karnorsky, 1961. Observations on the uptake of tritiated thymi-

dine in the pronuclei of fertilized sand dollar embryos. J. Biophys. Biochem. Cytol.,
10: 59-65,



302 M. JEAN ALLEN

SIrLIN, J. L., aAnxD J. Jacoe, 1960. Cell function in the ovary of Drosophila. 1I. Behaviour of
RNA. Euxp. Cell Res., 20: 283-293.

Srater, D. W.,, Axp S. SeieceLman, 1966. An estimation of genetic messages in the unfer-
tilized echinoid egg. FProc. Nat. Acad. Sci., 56: 164-170.

TweepeLr, K. S., 1964. Incorporation of H*-thymidine and H*uridine by oocytes of Pectinaria
gouldu. Biol. Bull., 127 : 394.

TweeperLL, K. S., 1966. Oocyte development and incorporation of H*-thymidine and H-uridine
in Pectinaria (Cistenides) gouldii. Biol. Bull., 131: 516-538.

TvyrLEr, A., 1963. The manipulations of macromolecular substances during fertilization and early
development of animal eggs. Awmer. Zool., 3: 109-126.

VANDERBERG, J. P., 1963. Synthesis and transfer of DNA, RNA, and protein during vitello-
genesis in Rhodmus prolivus (Hemiptera). Biol. Bull., 125: 556-575.

Vincext, W. S, E. BaLtus axp A. Lgvrig, 1966. Proteins and nucleic acids of starfish oocyte
nucleoli and ribosomes. Nat. Cancer Inst., Monogr., 23: 235-253.

Wooparp, J., E. Rasca anxp H. Swirr, 1961. Nucleic acid and protein metabolism during the
mitotic cycle in Vicia faba. J. Biophys. Biochem. Cytol., 9: 445-462.



ImEE BHL

Biodiversity Heritage Library

Allen, M. Jean. 1967. "NUCLEIC ACID AND PROTEIN SYNTHESIS IN THE
DEVELOPING OOCYTES OF THE BUDDING FORM OF THE SYLLID, AUTOLYTUS
EDWARSI (CLASS POLYCHAETA)." The Biological bulletin 133, 287-302.
https://doi.org/10.2307/1539825.

View This Item Online: https://www.biodiversitylibrary.org/item/17193
DOI: https://doi.org/10.2307/1539825
Permalink: https://www.biodiversitylibrary.org/partpdf/10763

Holding Institution
MBLWHOI Library

Sponsored by
MBLWHOI Library

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: University of Chicago

License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 25 August 2023 at 14:22 UTC


https://doi.org/10.2307/1539825
https://www.biodiversitylibrary.org/item/17193
https://doi.org/10.2307/1539825
https://www.biodiversitylibrary.org/partpdf/10763
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

