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£10% Ca thilBHiMIEE K CaCL IBIP T L, B4 4 v KP CBE X & 2 B o R
—15°C, 2B ROETER (%)

CaCl LaBER  (20°C)
1550 1R 45 248

Ca il (1543) | BiA & vokBeMe | CaCl, i 1

0 10
—oxal 15 ’
0.1 M Na-oxalate % 0.1 M 60 60 50 50~60
; 154 ° °
0.! M Na-citrate 0.1 M 30 20 30~40 50~60
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Summary

The present paper deals with a series of experiments on the mechanism of frost
resistance in algae cells. Fresh water Cladophoraceae, Aegagropila Sauteri (Nees) Kiitz.,
the well-known marimo (lake balls) of Lake Akan in Hokkaido, were used as experimental
materials.

These marimo show an extraordinarily high frost-resistance for a fresh water alga.
They can tolerate extracellular freezing at —20°C for at least 24 hours.

Cells of this alga were subjected to extracellular freezing in various media. With the
exception of methanol and ethanol, the use of fat solvents fatally injured the cells. When
the cells were previously treated for 24 hours in solutions of these fat solvents, even
though they were thoroughly washed in pure water, subsequent freezing produced marked
cellular injury. However, in the case of aceton, ether and chloroform washing was highly
effective in reducing frost-injury caused by such pre-treatment. Methanol was the most
effective as a protective agent. It is a hygroscopic neutral compund which easily penetrates
these algae cells and it is also less toxic, even in highly concentrated solutions.

The various surfactants (cationic, anionic and nonionic) used produced fewer cellular
injuries with freezing than did monovalent inorganic salts or sugirs. However, when these
cells were pretreated for 24 hours in solutions of these surfactants, they were very apt to
suffer frost-injury even after having been washed in pure water.

Pre-treatment for a very short time in a dilute solution of Ca-precipitant, was also
found to result in a remarkable reduction of frost-resistance in the cells. In addition, fol-
lowing pretreatment, some of the cells were fatally injured by plasmolysis alone in balanced
salt solution. In cells previously treated with Ca-precipitant, methanol or ethylene glycol
in solution was highly effective in preventing injury with freezing.

From the results briefly described above, frostinjury in cells of this alga seems to be
mechanical which becomes fatal when contraction in the freezing cell has reached a certain
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degree. Any agent which has a deleterious effect upon the cell surface, with or without
apparent injury, lessens the critical degree of cell contraction. The affected cells are easily
destroyed with freezing at temperatures at which there are no injuries to normal cells.
On the other hand, a harmless compound such as methanol can protect cells against frost-
injury, because by permeating the cell they lessen the degree of contraction at a given

temperature.
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