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Responses of antioxidative system to chilling stress
in two rice cultivars differing in sensitivity

M. HUANG and Z. GUO*

College of Life Science, South China Agricultural University, Guangzhou 510642, China

Abstract

The responses of antioxidative system of rice to chilling were investigated in a tolerant cultivar, Xiangnuo-1, and a
susceptible cultivar, IR-50. The electrolyte leakage and malondialdehyde content of Xiangnuo-1 were little affected by
chilling treatment but those of IR-50 increased. Activities of suoperoxide dismutase, catalase, ascorbate peroxidase and
glutathione reductase, and ascorbic acid content of Xiangnuo-1 were remained high, while those of IR-50 decreased
under chilling. The results indicated that higher activities of defense enzymes and higher content of antioxidant under

stress were associated with tolerance to chilling.
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Introduction

Abiotic stresses are limiting in crops production. Much of
the injury to plants caused by stress is associated with
oxidative damage at cellular level (Bowler et al. 1992). It
was suggested that oxidative stress may be a significant
factor in relation to chilling injury in Arabidopsis
thaliana and rice (Fadzillah et al. 1996, O’Kane et al.
1996). Chilling induced oxidative stress has also been
observed in maize and coffee (Prasad et al. 1994, Queiroz
et al. 1998). Higher plants have defense system to
scavenge reactive oxygen species (ROS), consisting of
several defense enzymes, such as superoxide dismutase
(SOD), ascorbate peroxide (APX), glutathione reductase
(GR) and catalase (CAT), and antioxidants, such as
ascorbic acid (AsA) and reduced glutathione (GSH)

Materials and methods

Plants and treatments: The seedlings of two rice (Oryza
sativa L.) cultivars, Xiangnuo-1 (chilling tolerant) and
IR-50 (chilling susceptible), were cultured in Kimura B
nutrient solution in a glasshouse under natural light
conditions and temperature of 28 °C for 12 d. The
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(Bowler et al. 1992). Activities of oxygen-scavenging
enzymes under chilling stress have been correlated with
tolerance to the stress. Higher contents of defense
enzymes were correlated with higher chilling tolerance of
cucumber radicles (Kang and Saltveit 2002). The
chilling-tolerant maize cultivar had higher activities of
defense enzymes and contents of antioxidants than the
susceptible cultivar (Hodges et al. 1997a,b). In our
preliminary experiment quite different tolerance to
chilling among rice cultivars was observed (Liu et al.
2003). In order to explore the mechanism of rice in
chilling tolerance or susceptibility, the relationship
between antioxidative system and chilling injury were
investigated in this paper.

seedlings were then grown for 5 d in the growth chamber
at 70 % humidity, and 12-h photoperiod and photo-
synthetic photon flux density of 165 pmol m?s™. The
growth chamber temperature was 8 °C for the chilling
treatment and 28 °C for the control.

Abbreviations: ROS - reactive oxygen species; AsA - ascorbic acid; APX - ascorbate peroxidase; CAT - catalase; GR - glutathione
reductase; GSH - glutathione, reduced form; MDA - malondialdehyde; SOD - superoxidase.
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Determination of electrolyte leakage: Shoots of four
seedlings were immersed in 15 cm?® of distilled water in a
test tube overnight at room temperature. The electrolyte
leakage was determined as described by Lu et al. (2003).

Determinations of MDA content and enzyme
activities: Rice shoots (1 g) were ground in a mortar and
pestle in 5 cm® of 50 mM phosphate buffer (pH 7.8) at
4 °C. The homogenate was centrifuged at 13 000 g for
15min. The supernatant was recovered for
determinations of MDA content, SOD and CAT activity.
MDA content was determined by spectrophotometer
(Model U-1100, Hitachi, Tokyo, Japan) as described by
Dhindsa et al. (1981). The concentration of MDA was
calculated using coefficient of absorbance of
155 x 10° cm? mol™. SOD and CAT activity were assayed
as described by Lu et al. (2003).

The extraction and assay of APX activity were
performed as described by Nakano and Asada (1981).
Rice shoots (0.5 g) were extracted in 3 cm® extraction
solution (50 mM pH 7.0 phosphate buffer, 2 mM AsA

and 5 mM EDTA) using a mortar and pestle at 4 °C. The
reaction was initiated by addition of H,O,. GR activity
was measured as described by Gamble and Burke (1984).
Shoots (0.3 g) were extracted in 3 cm® of 0.1 M Tricine-
NaOH (pH 7.8). The oxidation of NADPH was
monitored at 340 nm during 2 min.

Determination of AsA content: Rice shoots (0.5 g) were
ground in a mortar and pestle in 5 cm® of trichloroacetic
acid at 4 °C. The homogenate was centrifuged at 13 000 g
for 15 min. The supernatant was used for AsA
determination as described by Law et al. (1983). AsA
concentration was calculated from standard curve
prepared from known concentrations of AsA.

Experimental design and statistical analysis: All
assays were based on at least two readings from three
independent replicates. Each sample was taken from
four to five shoots. All data were subjected to analysis
of means and standard errors (n = 3), using Microsoft
Excel program.

[o] ~
o o
T

- 28°C
-O- 8°C

N w A [$)]
o o o o
T T T T

MDA CONTENT

ASA CONTENT

ELECTROLYTE LEAKAGE
[%]

-
o o

[umol g™'(d.m.)]
- N N
(6, ] o [4;]

-
o

[4)]

= N N
(4] o (3]

[umol g'(d.m.)]

-
o

5

o
N
N
w
N
(¢

TREATMENT [d]

Fig. 1. Effects of chilling on electrolyte leakage and MDA and AsA content of rice seedlings of Xiangnuo-1 (A, C, E) and
IR-50 (B, D, F). The treatment as described in Materials and methods. Means + SE of three separate measurements.
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Results and discussion

Under chilling conditions, tolerant cultivar Xiangnuo-1
showed little change of electrolyte leakage compared
with its control plants, while the electrolyte leakage of
IR-50 increased significantly (Fig. 1). Electrolyte leakage
reflected the damage of stresses to the plasmalemma.
MDA is one of the products of plant lipid peroxidation,
and its content reflects the level of lipid peroxidation
resulting from oxidative stress (Dhindsa et al. 1981). The
MDA content in Xiangnuo-1 increased slightly but
remained at low level after treatment by chilling, while
that of IR-50 increased rapidly with treatment (Fig. 1).

8

RICE ANTIOXIDATIVE SYSTEM UNDER CHILLING STRESS

These results indicated that the membrane integrity in
tolerant cultivar Xiangnuo-1 is better protected against
injury of chilling damage than in susceptible cultivar
IR-50.

SOD catalyzes the conversion of O, into H,O,. Under
chilling conditions, SOD activity of the tolerant
Xiangnuo-1 remained similar to that of control plants. On
the contrary, SOD activity of IR-50 decreased after
chilling and remained low throughout the chilling period
(Fig. 2). H,O, is still toxic to plants. It is scavenged by
APX in the chloroplast and cytosol and by CAT in
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Fig. 2. SOD, CAT, APX and GR activities of Xiangnuo-1 (A, C, D, G) and IR-50 (B, D, F, H) as affected by chilling. The treatment
as described in Materials and methods. Means + SE of three separate measurements.
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peroxisomes. GR is involved in the regeneration of
ascorbic acid, the substrate of APX.

They have important roles in protection of plants from
oxidative damage. Transgenic plants elevating APX or
GR improved the recovery of cotton after chilling
treatment (Payton et al. 2001). CAT activity decreased
significantly in rice during chilling (Fadzillah et al.
1996), but remained similar to unchilled tissue in
A. thaliana that was considered cold-hardened (O’Kane
et al. 1996). Heat shock enhanced chilling resistance in
rice was attributed to the induction of APX gene
expression (Sato et al. 2001). The activities of CAT, APX
and GR in Xiangnuo-1 remained similar to those in the
controls, whereas those in IR-50 declined (Fig. 2). The
results indicated that higher H,O, scavenging enzyme
activities in tolerant cultivar. The decline of activities of
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CAT, APX, and GR in IR-50 were linearly correlated
with electrolyte leakage, indicating anti-oxidative enzyme
activity is correlated with chilling injury in IR-50.

AsA is an important antioxidant in plants. Application
of exogenous AsA improved the tolerance of Cassia
angustifolia to water stress (Singh et al. 2001). AsA
contents showed different responses between the two
cultivars with respect to chilling. Xiangnuo-1 had high
content of AsA under chilling, while IR-50 had decreased
AsA content (Fig. 1).

In summary, higher activities of SOD, CAT, APX and
GR and higher content of AsA under chilling is
associated with tolerance to chilling in Xiangnuo-1.
Decreased activities of defense enzymes and AsA content
under chilling are correlated with susceptibility to chilling
in IR-50.
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