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Freezing tolerance is one of the most important characteristics for plants living at subzero
temperatures in winter. When ice crystals form and grow in the extracellular spaces they may
bring cells, especially cell surface, to the dehydration and mechanical stresses. Many
physiological studies have supported the hypothesis that the enhancement of freezing tolerance
in plants during cold acclimation is closely associated with an increase in the cryostability of
plasma membrane. In Arabidopsis, many of the plasma membrane proteins including dehydrins,
lipocalin and synaptotagmin increase during cold acclimation. Although there was little
information about the freeze-induced mechanical stress tolerance, we have revealed that the
extracellular calcium increases the tolerance to freeze-induced mechanical stress, the
mechanism of which is involved in the membrane resealing via plant synaptotagmin, SYT1.
Recently, besides Arabidopsis, we confirmed the calcium-dependent freezing tolerance in three
monocot and one dicot. In addition, freezing tolerance tests of three monocots in the presence of
anti-SYT1 antibody demonstrated that the calcium-dependent freezing tolerance results in the
membrane repair. Finally, our results support the idea that the calcium-dependent membrane

repair is a common mechanism of freeze-induced mechanical stress tolerances for many

angiosperms. (Received Nov. 30, 2011; Accepted Jan. 10, 2012)
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Table 1. Effect of extracellular calcium and anti-SYT1 antibody on the cell survival (%) in leaf

section after freeze/thaw treatment®2,

Ca® - + +
anti-SYT1 - + +
antigen - - +
N limati
Survivalat.12°Cy  S4ES 113 2644 sgase
Winter tye Cold acclimation
for 28 days 72+ 42 343 46 & 5° 74 £ 3°
(Survival at -20°C)
Nonacclimation
+
(Survival at -8°C) 503 42+3 43+5 55+5
Winter wheat Cold acclimation
for 28 days 75+ 5 51430 57+4° 86 + 4°
(Survival at -8°C)
Spring oat \onacclimation 2043 2644 69430

(Survival at -8°C)

59+£3

1Survivals were measured according to the method previously described!?.
2Different letters indicate statistically significant differences between treatments by one-way
ANOVA with Tukey-Kramer multiple comparison test (P < 0.01).
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