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Fig. 1. Relative accumulation of pyruvate in the
shoots of rice seedlings as a function of time cold
treatment,
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Fig. 2. Relationship between relative pyruvate accu-

mulation in shoots during the cold treatment of rice
seedlings and relative fevels of Oz measured in 10
hrs after cold treatment.
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Fig. 3. Changes in relative level of pyruvate accu-
mulation(A), superoxide radicals(B), and antioxy-
genic enzyme activities(C) in the shoots of rice see-
dlings during the period of exposure to a low tem-
perature followed by room temperature.
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Fig. 4. Changes in relative activities of antioxygenic
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(B) during the period of exposure to low tempera-
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solution(10 mM) was directly’added to the water
pot.
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Induction of antioxygenic enzymes as defense systems in plant cells against low
temperature stress . (1) Accumulation of pyruvate in cells during cold treatment
and activation of antioxygenic enzymes during post-chilling period

Jong-Pyung Kim, Chang-Kyun Hahn and Jin Jung (Department of Agricultural Chemistry,
Seoul National University), Suwon 441-744, Korea)

Abstract . In an attempt to explore the mechanistic aspects of chilling injury in plants and
their defensive measures against the low temperature stress, the time sequential measurements
of pyruvate, superoxide radicals(0z) and antioxygenic enzymes during whole period of injury-
inducing treatment were performed using mostly rice seedlings. Pyruvate was substantialy
accumulated in leaf tissues during the exposure period to 5C of the seedlings ; the relative
extent of the accumulation was increased with increasing time of the cold treatment. When
the cold-treated plants were translocated to ambient temperature(~25C), the accumulation
started to dissipate, concomitantly accompaning a remarkable increase in the O; level of tissues.
Superoxide dismutase(SOD) and catalase were also activated during post-chilling period, al-
though they showed a considerable lag time for activation. In contrast, glutathione peroxidase,
another antioxygenic enzyme in cells, was not activated at all by preceding cold treatment
of plants. The uptake of exogenous O; by the roots of rice seedlings resulted in increase
in the activities of SOD and catalase in root tissues. The supply of H,O; to plants brought
about the activation of catalase i» situ, while failing to exert any effect on the activation state
of glutathione peroxidase. The results obtained in this work suggest that pyruvate accumulation
in cells is the direct cause of the overproduction of O; and thereby other toxic activated oxygen
species, and that SOD and catalase may play a crucial role in the protection of plant cells
against active oxygen-mediated chilling injury,



