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OLD AND NEW RNA IN THE EMBRYOGENESIS OF THE
PURPLE SEA URCHIN*

BY MARTIN NEMER

THE INSTITUTE FOR CANCER RESEARCH, PHILADELPHIA

Communicated by Robert W. Briggs, June 3, 1963

The RNA involved in embryogenesis may be stored originally in the unfertilized
egg as well as newly synthesized in the course of development. A major portion
of the RNA reserve of the sea urchin egg is ribosomal. The ability of these ribo-
somes to participate in protein synthesis is limited by a lack of messenger RNA
(mRNA);1-3 but after fertilization the rate of ribosomal synthesis of protein
increases, presumably because mRNA has been newly synthesized or in some way
made available. Chemical measurements indicate that there is practically no
change in the amount of RNA present through early development.4 6 Neverthe-
less, incorporation of various radioactive precursors into RNA of sea urchin embryos
has been detected.6 7 If this incorporation indicates only turnover, then a sub-
stantial net synthesis of any one RNA component would have to come at the
expense of another. An increase with development in the concentration of one
such component, transfer RNA, was deduced previously3 and has been corroborated
by the data to be presented.

In the experiments reported here, the major components of RNA of the sea
urchin egg have been characterized by sedimentation analysis, and their fate
in the course of development has been examined together with the nature of the
RNA newly synthesized at the various embryonic stages. The sedimentation
pattern of incorporation following a short exposure (pulse) to radioactive pre-
cursor has been compared to that at the end of a subsequent incubation in the
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presence of unlabeled precursor (chase). The portion of radioactive RNA of the
pulse destined for stable components will be found associated with them following
the chase. On the other hand, any rapidly degraded RNA will be detectable only
after a pulse and not at the end of a chase. The course of embryogenesis of the
sea urchin, it will be demonstrated, is marked by striking changes in the character
of pulse and chase RNA (RNAp and RNAC, respectively).
Methods.-Batches of eggs from one to three females of the species Strongylocentrotus purpuratus

(Pacific Bio-Marine Supply Company, Venice, California) were pooled. Fertilized eggs were
allowed to develop7 at 20'C in artificial sea water8 in the presence of penicillin (30 mg/ml) and
streptomycin (50 mg/ml). At the various developmental stages 1 ml of eggs or embryos were
settled by light centrifugation and suspended to 5 ml with sea water for a period of 10 or 20 min,
during which time they were exposed to a concentration of either 3.5 or 7 ,M uridine-H3 (2.77
mC/;tmole; New England Nuclear Corporation). At the end of this pulse period the eggs were
suspended in sea water containing unlabeled uridine (5 mM). Half of this suspension was cen-
trifuged quickly. The embryos in the pellet were frozen immediately to - 80'C and stored. The
other half of the suspension was centrifuged lightly, then resuspended in 100 ml of sea water con-
taining 0.5 mM uridine. These embryos continued developing for 4 hr. After this chase period,
the embryos were centrifuged, and their pellet was frozen and stored as above.
For further processing, the eggs or embryos were homogenized in a solution of 0.5% sodium

dodecyl sulfate (SDS), 1 mM MgCl2, 0.1 M NaCl in 0.01 M acetate buffer pH 6.0. Samples were
immediately submitted to phenol extraction at 600.9 Purified RNA"0 in the above solution less
SDS was applied to a 5-20% linear sucrose gradient,1' containing 100lg/ml bentonite. Samples
were centrifuged for 11 hr at 25,000 rpm in the Spinco head SW 25.1. Equal fractions were col-
lected. Optical densities at 260 mju were determined, and the radioactivities of aliquots of the frac-
tions in scintillation fluid'2 were measured in a scintillation counter. Duplicate pulse-chase
experiments with different batches of eggs were performed for every embryonic stage represented.
All figures have been normalized to a total of 10 O.D.260 units of RNA per gradient.
The sedimentation constants of the various RNA peaks were estimated by adding to the sucrose

gradients a trace of P32-labeled RNA, prepared from b-cell fibroblasts (gift of R. Perry), contain-
ing components of known sedimentation constants.'3 Using the 18S component of the P32-marker
RNA as a standard, the approximate S values of the other peaks were derived by the method of
Martin and Ames.'4
Major RNA components of eggs and embryos: Sedimentation analysis of the RNA of the eggs of

S. purpuratus performed after extraction at 600 in the presence of SDS revealed four major com-
ponents as determined by absorbancy at 260 mu. The sedimentation constants of the four peaks
of egg RNA from the bottom to the top of the gradient (Fig. 1) were estimated to be 25-28S,
18S, 13S, and 4S, respectively. Phenol extraction at room temperature in the absence of SDS
produced only 28S, 18S, and 4S RNA. The first two of these components correspond to the known
ribosomal RNA's;"5 the last, to transfer RNA. Phenol extraction of egg ribosomes with SDS at
600 gave the 13S RNA as well as the 28S and 18S material. This RNA component was apparently
derived from ribosomal RNA as a breakdown product. The RNA of two other species, Arbacia
punctulata and Lytechinus pictus, were not susceptible in this way to these conditions of extraction.'6
The amount of extracted RNA sedimenting at 13S diminishes considerably in the course of de-
velopment of S. purpuratus, from about 30% in the egg to less than 5% in the pluteus.

Approximately 6% of the total RNA of the egg is 4S. This value rises by a factor of 2 and 3
when the blastula and gastrula stages, respectively, are reached (Fig. 2). A net increase in the
concentration of transfer RNA during development had been previously3 deduced from measure-
ments of polypeptide synthesis by cell-free ribosomal preparations from other species of sea
urchin.

Pulse and chase RNA: (a) The unfertilized egg: Nucleosides are utilized to a lesser degree before
than after fertilization;7 nevertheless, their incorporation into the RNA of the unfertilized egg
is detectable. The characteristics of this incorporation were studied by sedimentation analysis of
RNA from eggs that had been incubated with H3-uridine for a 20-min pulse and those that had
been subsequently incubated in unlabeled uridine for a 4-hr chase, following the 20-min pulse.
After the pulse, radioactivity was distributed through the gradient into peaks of approximately 4,
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specific activity during the chase was too great to decide whether or not the RNAp peaks at 17
and 22S disappeared or were obscured by the pattern of the chase.

(c) Pregastrula stages: At the 8- to 16-cell cleavage stage, the radioactive RNA of a 10-min
pulse was spread through the sucrose density gradient but with a peak displayed at approximately
10S (Fig. 2B). Incorporation during the chase was mainly into the 4S RNA with appreciable
labeling of the 13S RNA and smaller activity in the 28 and 18S regions. The same pattern was
displayed up to the 24-hr mesenchyme blastula stage (Fig. 2C). During development to this
stage, the pulse-labeled peak at 10S became progressively broadened toward the heavy region
of the gradient, and the degree of utilization of labeled uridine increased. Figure 2A represents a
10-min pulse and 4-hr chase following the first division (1'/2 hr). The character of the RNAp is
intermediate between that of the just-fertilized egg and those in the cleavage and blastula stages;
that is, it is apparently a composite containing the 17 and 22S peak as well as the 10S peak.

(d) Postgastrula stages: A pronounced change in the characteristics of the RNAp occurred
after gastrulation. In the pulse of the 45-hr gastrula (Fig. 2D), the 10S region no longer pre-
dominated in amount of incorporation. Instead, the radioactivity was dispersed throughout the
gradient with substantial amounts present in regions of greater than 30S. The corresponding
RNA, was also much different. A large amount of incorporation was found for the first time in
the 28 and 18S RNA. At this stage the optical absorbancy of the 13S component was reduced
from a peak to a small shoulder, and the radioactivity associated with it also described a shoulder.
In the prism (60 hr) and in the 72-hr pluteus (Fig. 2E) the pattern of incorporation of RNAp was
similar to that seen in the gastrula. After chasing, a large amount of activity was found in the
major RNA components.

Developmental relationships involving 4S and non4S RNA: The 4S and non4S RNA can be
viewed separately by graphically subtracting the activity (the product of the specific activity and
total optical density units) of the 4S RNA from that of the total RNA. The resultant non4S
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estimated for an interval long enough for essentially all of pr to be converted to s. An adequate
chase represents such an interval. Thus, if the first RNA products (4S RNA + m + pr) in a
given interval are derived from the same precursor pool, P, then

C/Pp= (m + pr)c/ (m + pr)p = 4SRNA,/4SRNAp,

or (m + pr)c = (m + pr)p (4S RNA, / 4S RNAp). (1)
If s = pr, then

pr / (m + pr), = s / (m + pr)p (4S RNAc / 4S RNAp)
= non4S RNA, / (non4S RNAp) (4S RNAc / 4S RNAp). (2)

Calculations of the fraction of the total radioactivity (cpm) of the rapidly synthesized non4S
RNA, as represented in Figure 3, converted to stable non4S RNA yield the values given in Table
1. In the pregastrula stages this fraction was approximately 0.31. The postgastrula stages re-
tained much more of the rapidly synthesized RNA in the ribosomal constituents, about 0.52 in the
45-hr gastrula and 0.59 in the 72-hr pluteus.
While the ratio s/(m + pr) and thus s/m apparently increase in the course of development, the

ratio s/4S RNA, also increases (Table 1). This ratio rises from a value of 0.5 in the early cleavage
stages to 2.2 in the 72-hr pluteus. Therefore, during development the synthesis of ribosomal
RNA increases relative to both messenger and transfer RNA.
Discussion.-The development of the sea urchin embryo proceeds in distinct

phases, each with a characteristic pattern of RNA synthesis.
Before and shortly after fertilization: The RNAp of unfertilized and just-fer-

tilized eggs has two peaks of approximately 17 and 22S; however, incorporation is
somewhat higher after fertilization. In the unfertilized egg the pattern persists
through a 4-hr chase indicating a relatively high degree of stability, whereas in a
chase of the fertilized eggs incorporation in stable RNA of different sedimentation
behavior obscures the pulse pattern, indicating either that the RNAp has been
metabolically degraded or that the synthesis of this type of RNA has diminished.
Irrespective of its degree of stability, this RNAp may be the first messenger,
serving to inaugurate the events of embryogenesis. The synthesis of such mRNA
could account for the very low but detectable protein synthesis in the unfertilized
egg.2 Its continued production and use after fertilization may satisfy the need
for protein synthesis in cell division'7 and account for the rise in this synthesis
after fertilization.-3' 18

Pregastrula stages: During the early cleavage stages, the nature of the RNA,
experiences a transition (Fig. 2A) to a pattern with a predominant peak of ap-
proximately lOS (Fig. 2B). This may be a transition between the synthesis of
messengers patterned by the maternal genome for use before and immediately after
fertilization and that of messengers to be involved in the developmental process.
This pattern of RNA, appearing in all of the pregastrula stages exhibits a pro-
gressive developmental change, whereby the peak broadens toward the heavier
region of the gradient. This peak may comprise a group of mRNA's whose average
size increases during this period of development (as the embryo learns longer
words?). These messengers may herald differentiation.

Postgastrula stages: The final form taken by RNA, in this progression occurs
in all of the postgastrula stages. Its sedimentation pattern is polydisperse with
a large proportion of radioactivity of greater than 30S. It is a pattern that has
been demonstrated in highly developed growing cells.9 10 19 The sharp rise in
ribosomal RNA synthesis, seen in the chase experiments with gastrulae, coupled
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with the appearance of substantial radioactivity in RNAp greater than 30S, agrees
with the hypothesis of Scherrer, Latham, and Darnell'9 that this part of the rapidly
synthesized RNA is precursor to ribosomal RNA. The calculated proportion of
non4S RNAp that is converted to 28 and 18S RNA rises from less than 30 per cent
in the early cleavage stages to greater than 60 per cent in the late pluteus. Thus,
the ratio of synthesis of labile or messenger RNA to ribosomal RNA is greater in
the pregastrula than in the postgastrula stages. The reservoir of functional
ribosomes in the unfertilized egg'-' may largely serve the needs of the embryo
through the early stages. During this period a greater emphasis may be placed
on the synthesis of mRNA needed to program the functional ribosomes already
present than on the construction of new ribosomes.
Summary.-Distinctly different sedimentation patterns are displayed by the

rapidly synthesized RNA of three phases in development: (1) the patterns of the
unfertilized and just-fertilized egg have characteristically two peaks (approximately
17 and 22S); (2) a peak of approximately lOS dominates in the pregastrula stages;
and (3) the postgastrula pattern is polydisperse. The last is coincident with a
markedly enhanced synthesis of ribosomal RNA, as detected by incorporation in
chase experiments.

TABLE 1
DEVELOPMENTAL CHANGES IN THE RELATIVE SYNTHESES OF VARIOUS CLASSES OF RNA

Ratio of incorporation (range)-
Stage Hr s/(m + pr)* s/4S RNAo

Cleavage 1-10 0.31 (0.30-0.33) 0.54 (0.534.56)
Blastula 20-28 0.34 (0.32-0.38) 0.87 (0.65-1.10)
Gastrula 45-49 0.52 1.14
Pluteus 72-76 0.59 (0.55{0.62) 2.20 (1.9-2.50)

* Fraction of rapidly synthesized non4S RNA (m + pr) converted to stable or ribosomal RNA
(8 = non4S RNAc).
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