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Résumé

Using hardy cabbage leaf cells, a series of experiments to clarify the mechanism of
frost injury were made.

In parenchyma cells of the petiole of cabbage leaf in late fall, the osmotic concentra-
tion is about 0.65M. Even in water their ability to prevent intracellular freezing is so
remarkable that none of the cells ever undergo intracellular freezing even when they are
seeded with ice at —13°C. When the tissue sections were subjected to freezing in water,
the cells in the tissue could withstand freezing at —15°C for 16 hrs. However, when
these cells were frozen in hypotonic glucose solution (0.4 M), they were able to Survive
freezing at least for a full day at both —30°C and —70°C. At least within a range of
concentration below 1 M, the larger the concentration of glucose used as the medium, the
higher the degree of resultant protective action (Fig. 1). Moreover, when they were im-
mersed in liquid nitrogen for a full day after pre-freezing in glucose solution at —30°C or
—70°C, the percentage survival in the parenchyma cells was about 80 (Fig. 3). In the same
way the grade of ability of various neutral solutes to afford protection against frost injury
was tested: rhamnose, xylose glucose, fructose, mannose, sorbose, galactose>>sorbitol,
sucrose >lactose, acetoamide >raffinose, mannitol, urea, triethylenglycol>glycin (Table 1, 2).
In the experiments to examine whether the glucose and various other neutral solutes are
able to penetrate into the cell or not during the freezing period, the cells were immersed
in solutions of various concentrations of solutes ranging from 0.2M to 1.5M, and then
they were frozen at —10°C for a full day. After thawing, the osmotic concentration of
these cells was determined by the plasmolytical method, but no increase in osmotic con-
centration was found. The degree of protective action of glycerol in cabbage cells is about
the same as that of glucose at higher temperatures than about —50°C, but at the lower
temperatures glycerol solution shows no protective effect against frost injury (Fig. 2).
Glycerol, too, was found not to penetrate into the cells in any of the concentrations
mentioned above.

In order to increase the concentration of solutes in the cells of cabbage leaf, its petiole
was put into a hypotonic balanced salt solution (NaCl: CaCl, 9:1) for two days at room
temperature. After that treatment the osmotic concentration of the leaf cells showed con-
siderable rise from 0.65 M to 1.056 M. The tissue sections from the leaf treated in this way
could withstand freezing at —20°C for 16 hrs. in 0.2 M balanced salts solution. On the
other hand, when frozen in 1.5M glucose solution under the same conditions, the tissue
sections could withstand freezing at least at —30°C (Table 5). Accordingly, it is considerd
that the increase of solutes in a cell due to freezing cannot be a primary factor in in-
creasing frost injury to cabbage cells.

The tissue sections were cooled in a small test tube (10 cm % 1 cm) with 0.2 cc of 0.4 M
glucose solution. After having been frozen at —5°C by seeding with ice crystals, tissue
sections were gradually cooled down to —30°C by transfering the test tube to a series of
alcohol baths of graded temperatures. After having been kept at —30°C for 10 minutes,
they were immersed in liquid nitrogen for one hour, and then were thawed rapidly by
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immersion in a water bath of 35°C or thawed slowly in air at 20°C. Regardless the ve-
locity of the rewarming, about 80 percent of the cells in the tissue sections were not
injured by such treatment (Table 7). Under the same experimental conditions, some tissue
sections were frozen at —10°C in water instead of glucose solution, and then were thawed
slowly in the air at 20°C or thawed rapidly in water at 30°C (Table 6). As a result of this
experiment, the percentage survival was 100 in slow thawing, but only 20 in the rapid
thawing. Difference in rewarming velocity seems not to exert any important effect upon
the percentage survival of cells, provided that they are frozen and thawed in glucose
solution.

When the cells were frozen on the slide glass with hypotonic glucose solution of a
higher concentration than 0.2 M, most of them underwent concave plasmolysis (Phot. L.)
Accordingly, to cause cells to freeze in sugar and other solutions is also very favorable to
prevent intracellular freezing of the cells. It follows therefore, when the cabbage cells
were subjected to freezing and thawing in media containing sugars, the cells were not
injured either by intense dehydration due to extracellular freezing nor by rapid thawing,
though the cabbage cells were themselves inpermeable to sugars. Accordingly, it is rea-
sonable to consider that the frost injury of hardy cells, such as the cabbage cells here
used, is caused by the bad effects that arise in the surface layer of protoplast of cells due
to the removal of their water on freezing and their subsequent rehydration on thawing.
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