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The prominent role of calcium in the sea urchin egg, especially with reference

to physiological events at the time of fertilization, has been repeatedly emphasized.
But comparatively little is known of the accumulation of calcium and its utiliza-

tion in the formation of the spicule during the course of development. Using*

radioactive calcium, Rudenberg (1953) reported that the Arbacia egg did not

show any uptake of calcium up to the time of the swimming blastula stage, while

the jelly coat accumulated calcium to a considerable extent. On the other hand,

Hsiao and Boroughs (1958) reported that the unfertilized eggs of the Hawaiian

sea urchin, Tripneitstcs gratilla, took up radioactive calcium even though the

jelly coat was removed. From the observation that total calcium of the egg did

not change after incubation with Ca4r
\ they concluded that Ca45 entered the egg

cytoplasm by exchange with Ca40 of the egg. Orstrom and Orstrom (1942) found

that the total calcium content of the Paracentrotus egg remained unchanged for a

period of 15 hours after fertilization and then it quickly increased over 10-fold in

the next 25 hours. They suggested that this increase was associated with the for-

mation of the spicule. Recently, Yasumasu (1959) measured the calcium

content of the spicule during development of the Hcniiccntrotiis and Anthocidaris

larvae and reached the same conclusion. Bevelander and Nakahara ( 1960) re-

ported that in the Echinantchniiis egg, the calcium accumulated in the areas of

spicules and primary mesenchyme cells, and suggested that the calcium concen-

trated in the mesenchyme cells was transmitted to the growing spicules.

The present paper supplies some information concerning the uptake of radio-

active calcium by sea urchin larvae at different stages of development, and the

extent to which accumulated calcium is utilized in the formation of the skeleton.

Preliminary experiments were carried out on Paracentrotus larvae by one of us

(E. N.) at the Institute of Comparative Anatomy, University of Palermo, and

the results obtained were briefly reported in Japanese (Nakano, 1960).

MATERIALS AND METHODS

The sea urchin used in the present experiments was Pseudocentrotus ileprcssns,

collected mainly at the Sugashima Marine Biological Station. The eggs were

obtained by KCl-induced spawning and washed three times with filtered sea water.

Dilute suspensions of eggs were fertilized and allowed to develop at room tempera-
ture (15-18 C. ) under continuous gentle stirring.

In the first series of experiments, larvae were reared in the isotopic medium
from the beginning of development at a level of radioactivity of 0.1 /AC. /ml. The
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concentration of added calcium (0.5 mAI ) was so low that no effect was found on

the spicule formation, as reported by Okazaki (1956). At appropriate intervals,

larvae were withdrawn from the culture and washed with sea water five times.

They were then homogenized with 0.54 MKG at pH 7.2 in a Teflon homogenizer
of the Potter type. The homogenate (called "total homogenate") was centrifuged

in the cold at 800 y for 10 minutes and the sediment was discarded, while the

supernatant ("supernatant") was used for analysis. A 0.2-ml. -sample was placed

on a stainless steel planchette, dried and counted with a thin end- window gas flow

counter and an ordinary sealer. The samples for the determination of total nitro-

gen were combusted and the nitrogen was estimated by direct Nesslerization.

In the second series of experiments, larvae were reared in normal sea water

until desired stages. They were then removed from the culture and incubated in

the isotopic medium for two hours at room temperature. As the culture medium,
artificial sea water containing Ca45

(1 /xc. nil.) was used. After incubation, larvae

were washed repeatedly with sea water and divided into two parts. One part was

homogenized with 0.54 M KC1 and used for the counting of radioactivity as de-

scribed above, while the remaining part was used for the examination of auto-

radiographs in toto and in section. For making whole mount preparations, larvae

were flattened and fixed with methanol between the slide and coverglass. After

10000

5000

01

1000

500

100
10 12 15 18 21 24 27

Time after fertilization, hours
4 5 6 7 8

Stage number

Total amimulalion ut" Ca'" in I'si-iKfaccnlrotiix larvae during development.
I' 'ii the stage number see Table I.
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TABLK I

Accumulation of C'
|; ' in Pseudocentrotus larvae during development. The values represent

counts per minute per tug. nitrogen. Larvae were incubated at 18-19 C,
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FIGURE 2. Time course of uptake of Ca45
at different stages of Pseudocentrotus larvae.

Solid circles, blastula witliout mesenchyme cells; semi-solid circles, early gastrula ; open circles,

late gastrula.

topic medium at different intervals for a period of two hours and the radioactivity

of total homogenate was counted. During gastrulation, the rate of calcium uptake
increases rapidly and at the late gastrula stage, it becomes over 10 times greater

than that of blastula without mesenchyme cells. These changes of calcium uptake
were confirmed by autoradiographic techniques which ran in parallel with the

above experiments. In the autoradiograph of the early gastrula, dark grains were

found to be located in the two small areas, suggesting the onset of accumulation

of Ca4r '

at the spicular rudiments (Figs. 3A and a). When the spicular rudiment

develops into a triradiate spicule, its radioactivity increases markedly and this in-

crease continues to the pluteus stage (Figs. 3B-E and b-e). Since these photo-

graphs clearly demonstrate that Ca4r '

is concentrated in the spicule, it seems likely

that the rapid increase of calcium uptake observed by counting directly reflects the

formation of the spicule.

Preliminary experiments on Paracentrotus larvae showed, however, that cal-

cium uptake increases at the mesenchyme blastula stage before spicule formation,

i detailed investigation of this point was carried out on Pseudocentrotus larvae.

shown in Figure 4. the rate of calcium uptake increases preceding appearance
of the spicular rudiment. In accord with this finding, it was found in the auto-

radiograph .it .sections lhat dark grains were evenly distributed in the blastococl

before .spicule formation (Fig. 5B). At the early stages of development, accumu-
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FIGUKK 3. A-E, photographs of whole mount preparations of Pseudocentrotus larvae

incubated in Ca45
-containing sea water for two hours, photographed by phase contrast optics.

Arrows in A indicate the spicular rudiments, a-e, autoradiographs of the same specimens as in

A-E, photographed by ordinary microscope. Autoradiographic emulsion was shifted after

exposure to radiation so that dark grains were not superimposed over larvae.
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FIGURE 4. Rate of uptake of Ca15

by Pseudoccntntfits larvae at different stages of develop-

ment. Larvae were incubated in Ca45
-containing sea water for two hours. Upper diagrams

show the stage at the end of incubation.

Union of Ca45
is insufficiently recognized in the blastocoel, as shown in Figure

5 A. It may be assumed that permeability of larvae to calcium changes at the

mesenchyme blastula stage and that the penetrated calcium is held as a Ca complex
in the blastocoel before deposition on the spicule. There is no accumulation of

Ca* 5
in mesenchyme cells.

DISCUSSION

The results of the present experiments show that the rate of uptake of Ca45
by

sea urchin larvae is extremely low at the beginning of development. It rises at the

mesenchyme blastula stage, which is followed by the second rise at the gastrula

stage. Low uptake of Ca4: '

at the early stage may be attributable to an exchange
of Ca 4 '

with ( ;i" of cymplasm, as was pointed out by Hsiao and Boroughs (1958).
( )i the two steps of the increase, the latter one at the gastrula stage can be ex-

plained by deposition of Ca4r ' on the spicule, as assumed also from the data of

previous workers (O'rstrom and Orstrom, 1942; Yasumasu, 1959). The former

increase at the mesenchyme blastula stage, however, seems to be additional infor-
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FIGURE 5. A and B, photographs of sections of Pseudocentrotus larvae incubated in Ca45 -

containing sea water for two hours, photographed by phase contrast microscope. A, early

mesenchynie blastula. B, late mesenchyme blastula before the formation of the spicular rudiment,

a and b, autoradiographs of the same specimens as in A and B, photographed by ordinary

microscope.

mation concerning the calcium metabolism in sea urchin larvae. By the auto-

radiographic analysis, Ca45 taken up by the mesenchynie blastula was found in the

blastocoel. There is a possibility that Ca45 in the blastocoel may be bound with

protein or mucopolysaccharide. In fact, blastocoelic gel was reported to be com-

posed of mucopolysaccharides (Monne and Harde, 1950; Monne and Slautterback,

1950, 1952; Imniers, 1956, 1961). Bevelander and Nakahara (1960) supposed
that calcium mobilized in the primary mesenchyme cells was transmitted to the

growing spicules. But whether or not calcium is accumulated in these cells, as

they claimed, is not clear from the present data. The investigation of this point
will be a subject of future research.

From the fact that the rate of uptake of Ca45
begins to increase at the mesen-

chyme blastula stage, it seems likely that permeability of the larvae to calcium may
change at this stage. In experiments with Strongylocentrotus pnrpiiratus, Bolst

and Whiteley (1957) reported that uptake of inorganic phosphate by the larvae

increases rapidly at the early stage of development and then decreases with the
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onset of gastrulation. This pattern is entirely different from that of calcium

uptake. It is of interest to note in this connection that the spicule of sea urchin

larvae consists of calcium carbonate, not of calcium phosphate (Yasumasu, 1959).

SUMMARY

The uptake of radioactive calcium by sea urchin larvae was investigated. Up
to the blastula stage, calcium uptake proceeds at an extremely low rate, while it

increases greatly during gastrulation. Autoradiographs of whole larvae show the

increase of calcium uptake in parallel with the formation of the spicule. Before

appearance of the spicular rudiment, however, calcium uptake increases at the

mesenchyme blastula stage. Autoradiographs of sections show that penetrated
calcium is distributed in the blastocoel. It is assumed that calcium is concen-

trated in the blastocoel before deposition on the spicule.
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