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RNA and DNA Synthesis in Developing Eggs of the
Milkweed Bug, Oncopeltus fasciatus (Dallas)

Abstract. Ribosomal RNA synthesis in developing eggs of the milkweed bug,
Oncopeltus fasciatus (Dallas), is turned on at gastrulation and is essentially
turned off when organogenesis begins about 72 hours later. The pattern for
DNA synthesis is similar although less pronounced.

The general patterns of RNA and
DNA synthesis during early develop-
ment appear to be similar in amphib-
.ians, sea urchins, and fish (). It is of
interest to examine other organisms, in
which embryological development is
well documented, and which might be
expected to yield useful information in
this area. In earlier papers (2) we de-
scribed changes in the concentrations
of two groups of compounds, pteri-
dines and nucleosides, which occur in
the egg of the milkweed bug, Oncopel-
tus fasciatus. One group, at least, the
nucleosides, might be expected to be
involved in nucleic acid synthesis. In
fact, we have demonstrated a correla-
tion between nucleic acid synthesis and
disappearance of the nucleosides ino-
sine and guanosine in developing eggs.
Now, in a more detailed examination
of the synthesis of DNA and RNA,
we have attempted to correlate their
synthesis with embryological develop-
ments which are well documented in
this organism (3). These studies reveal
significant points of difference between
the synthesis of nucleic acids in O.
fasciatus and such synthesis in organ-
isms that have been studied intensively
heretofore.

Milkweed bugs were raised in plastic
dish pans (about 35%2 by 30% by 15
cm) containing a supply of water and
milkweed seeds (4). Gauze mats were
placed in the containers to provide an
area for egg-laying and to facilitate
collection. Eggs were collected over
10-hour periods from 10 a.m. to 8 p.m.
(5). They were removed from the gauze
mats, divided into batches of 0.30 g
(the quantity used in all experiments),
and then allowed to develop at 21°C.
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Since preliminary experiments (using
dyes or radioactive glucose) showed
that whole eggs were essentially im-
permeable, it was found necessary to
remove part of the chorion before
studies with isotopic tracers could be
carried out. This was achieved by float-
ing the eggs (0.3 g) on a 5.25 percent
solution of sodium hypochlorite for 9
minutes (both concentration and time
are crucial for successful experiments).
They were then removed from the solu-
tion and thoroughly washed, in a small
Buchner funnel (5 cm), with 1 liter of
insect Ringer solution (0.15M sodium
chloride, 0.004M potassium chloride,
0.002M calcium chloride). The partially
dechorionated eggs were incubated at
25°C for 2 hours in 20 ml of Ringer
solution without shaking, when they
were again collected by filtration and
placed in 10 ml of a standard incuba-
tion medium containing insect Ringer
solution, 0.01M tris buffer, pH 7.5,
and either 50 uc [3H-5T]-uridine (23.0
¢/mmole), or 50 uc[3H-6T]-thymidine
(14.5 c/mmole). After incubation for 2
hours at 25°C in the dark without shak-
ing, the eggs were collected on a Buch-
ner funnel and rapidly washed with
several volumes of insect Ringer solu-
tion.

RNA was extracted from the eggs
(0.3 g) by a modification of the phenol
procedure of Kirby (6). The precipi-
tated RNA was redissolved in 1.5 ml
of acetate buffer and analyzed on a
linear sucrose gradient (5 to 20 per-
cent wt/vol in acetate buffer) with a
Spinco centrifuge (SW 25 rotor for 17
hours at 25,000 rev/min and 4°C).
Fractions (0.8 ml) were collected, di-
luted with water (0.6 ml), and analyzed
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Fig. 1. Sucrose gradient analysis of RNA
from developing eggs of Oncopeltus.

for radioactivity (0.5-ml aliquot in 15
ml of Bray’s solution, assayed on an
Ansitron liquid scintillation counter)
and optical density at 260 my (remain-
der of sample).

The specific activities of the. two
ribosomal RNA peaks were thus de-
termined by using the equivalence, 41
#g RNA in 1 ml of fluid has an O.D.,,
of 1.0. Total tissue radioactivity was
measured by using a 0.1-ml aliquot
of the original homogenate, and radio-
activity in ethanol-insoluble material
was measured by summing all of the
radioactivity measured from the sucrose
gradients. Ribosomal RNA peaks were
characterized by analysis on a model E
analytical ultracentrifuge (7). They had
S values of 24 and 16. The base ratios
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Fig. 2. Amounts of ribosomal RNA in
developing Oncopeltus eggs, compared
with its rate of synthesis.

of samples of both types, collected on
three different days (3rd, 4th, and 5th)
of development, were determined by
standard procedures (8). They were not
substantially different. The average val-
ues were: 245 RNA: U, 12; G, 39; A,
22; C, 27; 16S RNA: U, 16; G, 34; A,
26; C, 25. As with ribosomal RNA
from Xenopus laevis and the chick em-
bryo (9), the G + C content is high in
the 24S RNA, and only slightly lower
in the 16S material.

Data on the RNA content of develop-
ing eggs as determined on batches of
eggs (not dechorionated) by sucrose
gradient centrifugation are presented
in Table 1. At 21°C, Oncopeltus eggs
hatch into first-instar nymphs approxi-
mately 225 hours after laying. There-
fore, assays were carried out on eggs
at 24-hour intervals, from 0 to 4 hours
(“4-hour eggs™) up to 182 to 192 hours
(“188 hours™) of development.

The rate of RNA synthesis was mea-
sured at the five stages of development
at which changes were most likely on
the basis of the above measurements.

The results were then as follows:

1) Newly fertilized eggs (“4-hour
eggs”’). The total RNA content is about
300 mug (average weight of the egg,
0.32 mg). About two-thirds of this is
ribosomal RNA and one-third is “low-
molecular-weight” RNA. This latter
figure is of doubtful significance be-
cause of possible contamination of the
gradient with material of low molecu-
lar weight.

2) “20-hour eggs.” The embryo is in-
volved at this stage in the formation of
the blastoderm. Cell walls have formed
around the nuclei, and the blastoderm
is going through a rapid period of
growth. During this period there is no
detectable synthesis of ribosomal RNA,
nor does the amount (180 mpg per
egg) alter. However, it is possible that
a small amount of RNA of low molecu-
lar weight is being synthesized. In label-
ing experiments, this region of the
gradient has the highest specific activity
at this time. This could represent s-
RNA synthesis, turnover of CCA termi-
nal groups of s-RNA, or contamination
from isotope precursor pools.

3). “44-hour eggs.” Gastrulation be-
gins after 35 hours of development and
is completed, with formation of the
germ bands, at about 54 hours. In 44-
hour eggs, involved in gastrulation,
ribosomal RNA synthesis is first de-
tected, and the amount of ribosomal
RNA has increased slightly (200 mpg
per egg).

4) “68-hour eggs.” The development
of neural tissue from the ectoderm is
proceeding, and the ventral nerve cord
has taken on some definitive organiza-
tion. The ectoderm shows signs of seg-
mentation. During this stage of develop-
ment there is a very marked increase
in the rate of ribosomal RN A synthesis,
although the net amount (237 mug per
egg) has not increased much over the
44-hour level.
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Fig. 3. Rate of RNA synthesis per unit
of DNA.

5) “92-hour eggs.” The complex proc-
ess of organogenesis has begun. Sto-
modeum and proctodeum rudiments
have formed, and there is considerable
segmentation and nervous tissue differ-
entiation. The rate of ribosomal RNA
synthesis is still high (although now
only two-thirds of the rate in 68-hour
eggs), and there is a very considerable
increase in the amount (383 mpg/per
embryo). ’

6) “116-hour eggs.” Considerable dif-
ferentiation and organogenesis are tak-
ing place. The rate of r-RNA synthesis
has now decreased to about 10 percent
of the maximum level (in 68-hour-old
embryos), but the amount (about 569
mpg per embryo) has increased con-
siderably.

7) “140-, 164-, and 188-hour eggs.”
There is a gradual rise in ribosomal
RNA over this period to about 690
mug per embryo at 188 hours, but the
rate of synthesis is now very slow (bare-
ly detectable).

From these results, illustrated in Fig.

Table 1. Analysis of s-RNA and r-RNA synthesis at various stages of development of Oncopeltus fasciatus egegs.

Time
Measure
4 hr 20 hr 44 hr 68 hr 92 hr 116 hr 140 hr 164 hr 188 hr

Low-molecular-weight RNA¥* 112 105 140 133 106 161 128 135 152
r-RNA* 183 180 202 237 383 569 619 662 686

Total RNA* 295 285 342 370 489 730 747 797 838
Total tissue radioactivity (count/min X 10-5) 1.13 1.51 2.70 2.71 1.34
Ethanol insoluble radioactivity (count/min X 10-5) 0.017 0.132 0.441 0.449 0.093
Percent ethanol-insoluble 1.5 8.73 16.3 16.6 1.6
Specific activityt

r-RNA 3.5 232 68.8 45.0 6.5

Low-molecular-weight RNA 14.0 107.0 229.0 283.0 38.0

Total RNA 6.9 50.1 122.0 124.0 17.0

* Millimicrograms per embryo.
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Fig. 4. Amount of DNA in developing

Oncopeltus eggs compared with its rate

of synthesis.

1, the following conclusions can be
drawn: The amount of ribosomal RNA
(in ribosomes?) in the newly fertilized
egg (180 myg per egg) constitutes 30
percent of the total ribosomal RNA of
the fully developed egg. The existence
of maternal ribosomes has been report-
ed in a number of other organisms. In
Oncopeltus, the maternal ribosomal
RNA constitutes 0.06 percent of the
weight of the egg.

In the sea urchin egg, synthesis of
RNA of high molecular weight can be
detected in early cleavage stages. In
Oncopeltus eggs, on the other hand, at
least in the conditions of our experi-
ments, there is no evidence for the syn-
thesis of comparable material at the 20-
hour blastula stage.

The onset of ribosomal RNA syn-
thesis is concurrent with the onset of
gastrulation (44 hours), and the subse-
quent pattern seems to be quite differ-
ent from that observed in other organ-
isms. Instead of a slowly increasing
amount and rate of synthesis charac-
teristic of the sea urchin or X. laevis,
there is a rapid burst of ribosomal
RNA synthesis during the 68- to 118-
hour period, when almost all of this
type of RNA found in the 188-hour-
old egg is synthesized; following this,
there is an abrupt but not complete
shutdown in synthesis. The relation be-
tween amount and rate of synthesis is
shown in Fig. 2. Furthermore, this
burst of ribosomal RNA synthesis,
when compared, on a unit basis, with
DNA synthesis (Fig. 3) indicates a high
degree of differential gene activity with
respect to the rate of ribosomal RNA
synthesis. This is confirmed by an anal-
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ysis of the increments of r-RNA syn-
thesized over the range of time periods
(10). The question then arises as to the
nature of the controlling factor or fac-
tors involved in the activation and sub-
sequent shutdown of this synthetic proc-
ess.

DNA  was estimated at different
stages in the developing egg, using the
diphenylamine procedure (11). The re-
sults are presented in Fig. 4. At the
earliest time period (4-hour-old eggs)
the results are not reliable because of
the very small amount of DNA in these
eggs. However, in a 6-hour-old egg of
Oncopeltus, the periplasm contains sev-
eral nuclei and thus DNA must be
present in some quantity. Roughly, a 4-
hour-old egg has about 10 to 100 ppg
of DNA.

The rate of DNA synthesis (as
determined by thymidine labeling and
assay of radioactivity in perchloric
acid-insoluble material) in the 20-hour
blastula stage is high but it does not ac-
count for the increase in amount of
DNA and cell numbers which occurs at
about this stage. Thus it appears that
DNA made at this early stage of de-
velopment may arise, at least partially,
from preformed precursors. From gas-
trulation (44 hours) up to 92 hours of
development, DNA is synthesized at a
constant rate which then decreases in
the later stages of development. This is
reflected also in the total amount of
DNA in eggs at these stages. If this is,
at least roughly, an indication of the
rate of cell division, it is interesting to
note that the control of ribosomal RNA
synthesis persists through successive
cell generations. Between the 92nd and
116th hour of development there is a
decrease in the rate of DNA synthesis,
which parallels the decrease in RNA
synthesis, and which, in turn, is corre-
lated embryologically with the onset of
organogenesis and complex differentia-
tion.

These results confirm and extend the
results reported by Lockshin (12) for
Coleoptera, by use of radioautography.
In addition they reveal new phenom-
ena (in particular, the shutdown of
ribosomal RNA synthesis) which would
be difficult to detect with Lockshin’s
technique. Further exploration in this
system may lead to an understanding
of the factors controlling these phenom-
ena.

STEPHEN E. HARRIS
HucH S. ForresT
Zoology Department,
University of Texas, Austin 78712
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