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Résumé

It was demonstrated in a previous paper” that the main cause of frostkilling in a
rapidly cooled cell suspension of sea urchin egg cells was intracellular freezing, and that
initiation of such an intracellular freezing could be explained as a result of inoculation
from the outside with ice crystals at least at a moderately low temperature. It may be
therefore reasonable to suppose that a decrease of coolng rate at the interface between
the cell and the surrounding ice-mass will be effective in preventing the ice seeding into
the cell. The present paper deals with observations on this problem.

Egg cells of a sea urchin Strongyrocentrotus nudus, both fertilized and unfertilized,
were used as material. In fertilized eggs the rate of dehydration from eggs, measured in
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a definite hypertonic sea water, was far larger than in unfertilized ones. However, if they
had been previously treated with 1 M urea solution, unfertilized eggs, too, exhibited a high
permeability to water (Table 2).

Small drops of egg suspension in sea water, contained in test tubes, were singly
subjected to freezing both rapidly (10°C/min) and slowly (1°C/min). When these freezing
suspensions were cooled to a final temperature of about —19°C they were rewarmed and
thawed rapidly at 20°C; they were then observed under microscope for counting the intact
egg cells (Table 1). Fertilized eggs are found to be very resistant to both rapid and slow
freezing, while practically all the unfertilized eggs cannot withstand rapid freezing although
they, too, can survive slow freezing. Unfertilized eggs treated with urea solution, however,
show a high resistance to rapid freezing. The high resistance to rapid freezing noted in
fertilized eggs seems to be not due to the existence of fertilization membrane or hyaline
plasma layer both of which have been formed entirely covering the cell on fertilization,
because fertilized eggs denuded by a treatment with trypsin sea water or Ca-free sea water
are found to be as resistant as intact fertilized eggs to rapid freezing.

Use being made of a special refrigerator the freezing process in these egg cells was
observed under a microscope. Soon after they have been surrounded by frozen sea water,
unfertilized eggs are very liable to undergo intracellular freezing provided they are rapidly
cooled (Pl. I-3); but when cooled slowly, they never freeze intracellnlarly, instead, they
make a marked contraction resulting from an extracellular freezing. Even in such a con-
tracted state, the form of the unfertilized egg cells is not remarkably changed, being as a
rule, nearly spherical (Pl. II-5). In fertilized eggs, on the other hand, no intracellular
freezing can be found, even if they are rapidly cooled. They always undergo extracellular
freezing alone with a remarkable dehydration and contraction. Upon such a contraction,
fertilized eggs, in contrast with the case of unfertilized ones, always change their cell form
into a very irregular or flattened shape (Pl 1I-5). The freezing process in both unfertilized
eggs treated with urea solution and fertilized eggs denuded by a treatment with the arti-
ficial media, is found to be almost the same as in normal fertilized eggs. Under the
present experimental conditions almost all cells survived extracellnlar freezing, but by
intracellular they were invariably killed.

From the considerations described above, the most effective factors in fertilized sea
urchin eggs to prevent an intracellular freezing may certainly be a high permeability of
cells to water and a remarkable plasticity of the cell form. These two factors, by in-
creasing the velocity of dehydration from the freezing cell, can reduce the cooling rate at
the cell surface where ice formation and therefore the liberation of latent heat successively

occur.
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