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In a variety of organisms, it has been suggested that there are cyclic vari-
ations in the rate of protein synthesis with the cell division, Recently, several
different views have been expressed regarding whether the pattern of protein syn-
thesis after fertilization is cyclic or noncyclic during early development of the
sea urchin (1 - 3), Since protein synthesis in the sea urchin in early embryo-
genesis appears to be independent of nuclear control, the cyclic variation in
this early stage in the rate of synthesis must be under cytoplasmic control. The
present study was designed to analyze the system controlling protein synthesis

in early embryogenesis in the sea urchin (Hemicentrotus pulcherrimus, Pseudogent-

rotus depressus and Anthocidaris crassispina). The results showed that the regu-
lation of synthesis involves multiple controlling systems and most of them are
believed to be under cytoplasmic regulation, Each mechanism has been investigated,
and it is concluded that there may be a variety in the course of formation of

polyribosomes .,
Fig, 1 Rate of amino acid incorporation
in intact embryos,

The suspension of eggs or embryos of P,
depressus in Mil]ipoﬁe HA 0,45 p) filter-
ed sea water (2 x 10" cells/ml) was allow~
ed to develop at the indicated temperature,

100 At suitable times, 5 ml-aliquots were ad-
% | ded to 0,5 pc 14C-amino acids (acid hydro-
lysate of Chlorells protein, 6,88 mc/mC)
in 50 ul and the mixtures were incubated at
T the same temperature for further 10 min,
A SN The reaction was terminated by the additior
gl SN b . of an equal volume of 20 % TCA containing

> 0.2 % casamino acids, Incorporation of the
radiocactivity was amalyzed as described
previously (8). The time indicated refers to the starting time of each pulse experi-
ment after fertilization. The synchrony of cell division is expressed as differen-
tial mitotic index for 10 min., The line (— — ~- ) represents the increase in the
basal rate of incorporation., f: fertilized, uf: unfertilized.
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* A review including this work has been published (5).
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Fig, 2 Amino acid incorporation in anucleated egg
fragments,

Amucleated egg fragments were prepared from P,
depressus eggs by a modification of the previous
method (7)., Improved results were obt%ined by chang-
ing the egg concentration to 1.8 x 10° cells/ml per
tube, the sucrose concentration to 1.1 M sucrose :
sea water in 1,3 : 1 with 4 : 1 as a cushion, and
40 carrying out the centrifugation at 11,500 r.p.m, for
15 min, with RPS 25A rotor of the Hitachi 4OPA Ultra~
centrifuge, Muaclear contamination was less than 1 %,
Parthenogenetic activation was effected by 1 min,
treatment with 5 m{ n-butyric geid in sea water,
Fach sample contained 1,2 x 109 of the anucleated

egg fragments, Incubation was carried out in a vol-
‘ N e (Y - ume of 1,0 ml at 20°, Other details of the experi-
ment were similar to those described in Fig, 1,

tcpm)

Fig, 3 Effects of L-nitroquinoline-N-oxide and NaF
on amino acid incorporation in intact embryos.

Amino acid incorporation in the embryos of H, pul-
cherrimus was examined at 21° with and without 5.0 x
10-5 M 4-nitroquinoline~N-oxide or 0,02 M NaF by the
procedures described in Fig. 1., The inhibitors were
added 2 min, after fertilization,

X10-5m
A-Nitroquinoline-N-oxide

0.02u NaF
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Protein synthesis, as detected in pulse incorpo-

ration of amino acids, in intact embryos of sea urchin
in the early cleavage stage showed cyclic variations which were superimposed on
an increasing basal rate of synthesis (Fig, 1), The cyclic variations in protein
synthesis were apparently independent of any similar cyclic cellular uptake of
amino acids as shown by a preloaded cummulative incorporation (&) and by cell-
free incorporation which was also cyclic (Fig. 4). These variations seem to cor-
relate with mitotic divisions and may be directly felated to the mitotic cycle
since each peak coincided with the stage from prométaphase to metaphase of mito-
tic division, The interval of the cycle in the intact system was in inverse cor- »
relation with temperature (Fig, 1). The whole pattern of variation in protein syn
thesis, which was inltiated by fertilization and was not observed in unfertilized
eggs, was observed even in the presence of actinomyein D (10 pg/ml) in both chemi-
cally anucleated (6) or in anucleated egg fragments prepared by a similar method

to that developed by Harvey (7) (less than 1 % mmclear contamination) and acti-
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Fig, 4 Cyclic variations in the rate of amino
LS acid incorporation in cell-free systews,

The homogenate or supernatant was prepared
from fertilized H, pulcherrimus embryos with
Millipore filtered sea water (Fig. 1). The time
of centrifugation was 30 min, Assay for amino
acid incorporation was carried out at 18,50
with 1 pe 1¥C-amino acids (7.37 me/mC) in a
total volume of 1,0 ml, Protein content in the
experiments with homogenate, 6,000 and 12,000
X g supernatants were 32,3 mg, 28.4 mg and 27.1
mg, respectively, Measurement of the incorpora-
+¢4r*~ﬁ§?~kA<1;A~kc o tion was followed that described in Fig, 1.

TIME AFTER FERTILIZATION (min) Arrows indicate the time of cell division ob-
served in a parallel experiment with intact
embryos at 20°, Another parallel experiment
with homogenate of unfertilized eggs of the
same species (protein concentration, 36.7 mg)
is given as a reference,
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Fig. 5 Scheme illustrating the regulation sys-
tems for protein synthesis in early embryogene-
sis in the sea urchin,
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vated by butyric acid parthenogenetically (Fig,

2). It was thus suggested that the cytoplasm

may possess regulatory mechanisms for protein
synthesis which lead to the mitotic cycle,

The cycles were observed weakly even in the absence of nuclear and cytoplasmic
divisions when protein synthesis was inhibited partially by colechicine (5 x 10'5
M), puromycin (2 x 103 M) or cycloheximide (2 x 10-3 M). The results together
with other general principles in mitotic cycles suggest that the occurrence of the
metabolic cycle is a necessary but not sufficient condition for cell division,

Similar experiments with l.nitroquinoline-N-oxide (2 x 10™7 ¥) and NaF (0,02
M), where no cell division was observed, showed that both drugs inhibited the
occurrence of the cyclic phase, In the presence of 4d.nitroquinoline-N.oxide the
linear increase in the basal rate of incorporation still occurred while NaF inhi-
bited the further increase in the basal rate after the first ecyecle (Fig. 3). The
absence of the normal increase of the basal rate after the first cycle was noted
in the experiments with eggs anucleated, either chemically or mechanically as men-

tioned above, but the cyclic variation still survived in these cases (e.g., Fig.
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Fig, 6 Parallelism in the incorporation activity
of intact embryos and isolated ribosomes,

v Amino acid incorporations by intact embryos of
P. depressus and by ribosomes isolated from the
same embryos were compared without the addition

of exogenous template RNA according to the proce-
dures described previously (8), For the incubation
with ribosomes, unfertilized P. depressus 144,000
x g supernatant (28,8 mg protein) was supplemented,
Ribosomes were prepared as described (8) at the
stage of development indicated, Values presented
are for the incorporation by 1 x 107 of intact em-
bryos and by ribosomes containing 120 pg of protein,
To make sure that the ribosomes were isolated from
cells at the proper phase, low points of the cycle
were determined in a parallel experiment with in-
tact embryos.
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2). On the other hand, cell-free systems (homogenate, 6,000 and 12,000 x g super-
natant) of fertilized eggs in various stages have been Shown to carry out protein
synthesis at rates which varied in a cyclic fashion without an increase in the
basal level of synthesis (Fig, 4). Such changes were observed neither in intact
nor cell-free system of unfertilized eggs. As shown in Fig, 1, a lag phase obser-
ved during about 10 minutes after fertilization may be controlled by mechanism
other than above as discussed earlier (8 -~ 10), These findings may imply that the
cyclic and the basal rate of protein synthesis are controlled by different mecha-
nisms, The latter is thought to be controlled further by at least three different
systems depending upon the developmental stage: that of the initial stage of acti-
vation expressed as the lag phase, that of between the lag phase and the first
cycle expressed as the first phase, and that of the succeeding stage expressed as
the successive phase as illustrated in Fig, 5. Three of them except for the succes-
sive phase are at least believed to be under cytoplasmic control, This idea may be
a counterpart to that of genic control in the mechanism of mitotic eycle (11 - 17),
The cytoplasmic control of such cyclic activity has been suggested in DNA synthe-
sis (18, 19). Cyclic expressions of metabolism observed in somatic cell division
is thus considered to be a combination of genic and cytoplasmic cycles,

The inerease in the basal rate of synthesis appeared to relate linearly to an

increase in activity of polyribosomes prepared from the stages of the same phase
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Fig., 7 Periodic formation of poly-
ribosomes in the 12,000 x g super-
natant system,

One ml of the 12,000 x g {cen-
trifuged for 10 min,) supernatant
(80,4 mg protein in 2,0 ml) was in-
cubated with 0.5 pe of 4C-amino
acid mixture (9.4 me/mC) for 15
min, at each stage at 21° as in
Fig, 4. The reaction was terminat-
ed by the addition of NaF to a
final concentration of 0,05 M.
Then, 0.2 ml-aliquot was layered
oo ON @ linear sucrose density gradi-

ent (15 - 30 % gradient containing
: 0 0,01 M Mg-acetate and 0.05 M Tris-
areucrlo» NUMBER ° ® * acetate buffer pH 7.8) and analyzed
by centrifugation at 130,580 x g
for 150 min, as described previously (9). The time indicated is the starting point
of the incubations with the isotope,

i
TS mine. |

-
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iy
108 miny. |

of the cycles (Fig, 6) but not to the supernmatant (S-105) activity, The polyribo-
somal activity seemed irrelevant to the amount and the template activity of ribo-
some-bound m-RNA, as prepared and measured as described (20), which holds con-
stant level, The increase in the polyribosomal activity may in part be due to an
increase in the amount of heavy polyribosomes ranging 200 - 300 S (r-polysomes
(21)), but a linear relationship was not always observed between the amount and
the activity of polyribosomes, Thus, the increase of the basal rate of synthesis
may in part be dus to some structural changes in polyribosomes as discussed pre-
viously (22).

Data obtained in the cell-free system indicate the cyclic variations may also
be regulated by periodic changes in the level of polyribosomes (r-polysomes)
(Fig. 7), the cyclic variation is apparently associated with the mitotic cycle,
The result is in accord with other findings (23 ~ 25). The genesis of the cyclie
variations of the synthesis will be treated with in a separate paper (26), These
findings suggest that there may be a variety in the course of formation of poly-

ribosomes as has been suggested by other workers (27 - 30),
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