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[Note]

Catalase, CAT2, is not Involved in Mitigation of
Gamma Irradiation-induced H20: Accumulation or
Lipid Peroxidation in Arabidopsis thaliana
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Summary

In Arabidopsis wild-type (Col-0 ecotype) and caf2 mutant plants, gamma radiation induced H,0, accumulation and

lipid peroxidation at 10 kGy but not at 0.1 to 1 kGy. There were no significant differences in H,0, accumulation and lipid

peroxidation between the wild type and the ca?2 mutant. Hence, CAT2 may not be a key enzyme to protect gamma irradia-

tion-induced damage.

Key words: Gamma radiation, catalase, hydrogen peroxide accumulation, lipid peroxidation

Introduction

Gamma irradiation affects growth and devel-
opment due to cytological, genetical, biochemical,
physiological and morphogenetic changes in cells and
tissues of plants.” Gamma irradiation induces H,0,
accumulation and lipid peroxidation.? Catalase is one
of antioxidant enzymes to scavenge H,0, and catalase
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activities are changed by irradiation.® Hence, it is
thought that increasing activity of catalases is favor-
able to alleviation of damage caused by irradiation.?
However, it remains to be clarified roles of catalases
in irradiated plants. We examined effects of gamma ir-
radiation on an Arabidopsis catalase-deficient mutant,
cat2, to elucidate roles of catalases in responses to
gamma irradiation.
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Materials and Methods

Arabidopsis wild-type (Col-0, Columbia ecotype)
and cat2 mutant plants were grown as described pre-
viously.” The catalase activities in cat2 mutants were
50% lower than those in wild type.® Arabidopsis Ge-
nome Initiative numbers for the genes discussed in
this article are as follows: CAT1, AT1G20630; CAT2,
AT4G35090; CAT3, AT1G20620. Rosette leaves were
exposed to gamma rays from a *’Cs source in an ir-
radiator (CS-500C, Yoshizawa Namari Kogyo Co. Ltd.,
Osaka, Japan). The dose rate was 0.1 kGy/h as mea-
sured with a Fricke dosimeter. Hydrogen peroxide ac-
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cumulation in rosette leaves was detected by 3,3" -di-
aminobenzidine with some modifications according to
previously described.” Lipid peroxidation was evalu-
ated using thiobarbituric acid according to previously
described.® The significance of differences between
mean values was assessed using one way analysis
of variance (ANOVA) with Tukey’s test. Differences
were considered significant for p values of < 0.05.

Results and Discussion

Hydrogen peroxide accumulation was not signifi-
cantly increased by irradiation at 0.1 kGy or 1 kGy but
was significantly increased by irradiation at 10 kGy
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Fig. 1. Accumulation of H,O, (A, B, C, and D) in Arabidopsis Rosette Leaves Irradiated by

Gamma Rays.

A-B) Rosette leaves of wild-type and cat2 mutant plants were irradiated with gamma rays at
0 kGy, 0.1 kGy, 1 kGy, and 10 kGy; C-D) Rosette leaves of wild-type and cat2 mutant plants
were incubated for 0 h, 1h, 10h and 100h. Averages for three independent experiments are
shown. Error bars represent standard deviations. Values indicated by the same letter do
not differ significantly at the 5% level, as determined by ANOVA with Tukey’s test.
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(Fig. 1A and B). There were no significant differences
in H,0, accumulation between the wild type and the
cat2 mutant (Fig. 1). Hence, scavenging of H,0, may
not be attributed to CAT2. Incubation in dark at room
temperature for up to 100 h without irradiation did not
affect H,0, accumulation (Fig. 1C and D).

Lipid peroxidation level was not significantly in-
creased by irradiation at 0.1 kGy or 1 kGy but was sig-
nificantly increased by irradiation at 10 kGy (Fig. 2A
and B). There were no significant differences in lipid
peroxidation level between the wild type and the cat2
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mutant (Fig. 2). Incubation in dark at room tempera-
ture for up to 100 h without irradiation did not affect
lipid peroxidation level (Fig. 2C and D).

CAT?2 is one of three catalase isoforms in Arabi-
dopsis thaliana and is more dominant than CAT1 and
CAT3? and CAT2 rather than CAT1 or CAT3 more
considerably contributes to the oxidative stress toler-
ance.”'® However, this study suggests that CAT2 is
not a key enzyme to mitigate H,O, accumulation and
lipid peroxidation induced by gamma irradiation in
Arabidopsis.
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Fig. 2. Lipid Peroxidation (A, B, C, and D) in Arabidopsis Rosette Leaves Irradiated
by Gamma Rays. A-B) Rosette leaves of wild-type and cat2 mutant plants
were irradiated with gamma rays at 0 kGy, 0.1 kGy, 1 kGy, and 10 kGy; C-D)
Rosette leaves of wild-type and cat2 mutant plants were incubated for 0 h, 1h,
10h and 100h. Averages for three independent experiments are shown. Error
bars represent standard deviations. Values indicated by the same letter do not
differ significantly at the 5% level, as determined by ANOVA with Tukey’s test.
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We recently have presented that there was no sig-
nificant differences in susceptibility to gamma irradia-
tion between Arabidopsis wild type and other catalase
deficient mutants, cat3 and catl cat3.!Y Hence, cata-
lases may not be key enzymes to protect cellular dam-
age induced by gamma irradiation in Arabidopsis.
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