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Freezing tolerance is an important character for plants living under subzero temperatures
in winter season. The growth of ice crystals or the freeze-induced dehydration mechanically
may disrupt the plasma membrane. Many studies have indicated that the freezing tolerance is
correlated with the cryostability of plasma membrane. Although, in animal cells, the
mechanically disrupted plasma membrane is rapidly repaired dependently on the extracellular
calcium, no report has been published on the plasma membrane repair in plant cells. It is
expected that the cryostability of plasma membrane is tightly associated with the membrane
repair manner. We studied the calcium-dependent survival of plant cell for mechanical stresses
using Arabidopsis protoplasts isolated from control and cold-acclimated leaves. The tolerance to
electric shock by the electroporator treatment which directly disrupted plasma membrane was
also dependent on the extracellular calcium. The enhanced freezing tolerance was remarkably
dependent on the extracellular calcium during freezing. Interestingly, the tolerance to
dehydration caused by hyperosmotic solution was hardly dependent on the extracellular
calcium. Finally, we estimate that the tolerance to mechanical stress caused by the ice crystal
growth is dependent on the extracellular calcium.
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Fig. 1. Freezing injury and membrane repair hypothesis. During freezing, plant cells suffer mechanical stresses by ice crystal
growth and freeze-induced dehydration, and the plasma membrane is mechanically disrupted. The result that
synaptotagmin-like protein increases during cold acclimation leads to the hypothesis that the enhanced freezing tolerance is
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related to the repair of disrupted plasma membrane.
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Fig. 2. Freezing tolerance test with Arabidopsis protoplasts. Protoplasts were isolated from Arabidopsis leaves
non-acclimated (NA) or cold-acclimated for one day (AC 1d) or seven days (AC 7d). The survivals of protoplasts in
the presence of 1 mM CaCl, or 1 mM EGTA were measured. The values of survival are meansts.e. (n=9).
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Fagh 71 v SRR BRETRIE O K NE 535 =
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BT EBHALMNERY (Table 1), HERQME % E R
BT D X5 BEBA N LRI AR ATy
LAMEFHTHEZ ENREN. ZOCLT, ##
RN TH AN T MRIFEEIEEERENTFES
AEREENREWNI ERENTE.

Table 1. Survivals after electroporation.

Voltage 50V 5V 100 v
2+
Survival C% 10246 81+5  60+5
(% of
control) EGTA 8346 59+3 2843

a2, b L < I3 ERETE T,
TED 3 HS>OERIZL Y, MREICEEEA L

BEZONDBOLHRIEND. TR, 1) &

FEBAKIC X DHIBINHE, 2) BRARICAE S MR,
ZLT3) KEREICLA2YBEHREBETHD. =
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ToNTEREY. -4 COBFEREIT 2.15 M Y4 ik
RS ZEBFRIESNE DY, Fu b TR MNE
BEBROYNVE N—NVREEZEXDHZLICLY, &
FERLAK & BRR K DR ER 1T o 7. BiK, L
VEREAK « BAKRMEBIZ X D AFRDETIIR N
M, AN D DMETFEOTEITEER L 2 DfE
1Z/h&< (Table 2), F=FOEIIHEHFER
EZi3 o7 (P <0.05) ZORCLT, Ay
DRTERIBORETIE L, ORI & BAZETRRE O RKIT
X AMYETH B AREMITELS, EkEREI X
3R RN S LTV A EEEERE N Z &

HEINE.
Table 2. Survivals after osmotic treatment.

. 2.15M

Osmotic treatment 215M

>06M
Survival C32+ 83+4 51+3
(% of

76 +3 40+3

control) - EGTA
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