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ABSTRACT: This study was carried out to investigate
the antioxidative enzymes and isozymes between chilling-
tolerant and -susceptible varieties at the booting stage
under cold water stress (13°C) in japonica rice. Total
SOD, CAT, POX, and GR activities on the basis of protein
were found to be important factors to defend cold water
stress. Especially, SOD and CAT activities showed distinc-
tive differences between chilling-tolerant and -susceptible
varieties. Chilling-tolerant varieties were higher than
chilling-susceptible varieties for SOD and CAT activities.
One of eight isozyme bands for SOD was a inducible iso-
form. Three isozymes for CAT and one isozyme for POX
were closely correlated with defense to cold water stress.
Total GR activities except Stejaree 45 on the basis fresh
weight and POX were increased by cold water stress, but
there was no difference between chilling-tolerant and -sus-
ceptible varieties.
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R esponses of plant to environmental stress such as low
temperature, drought, and high salinity have been stud-

ied intensively (Thomashow, 1999; Xiong et al., 2002).

Membrane systems of the cell are the primary site of freez-
g myury in plants (Steponkus, 1984) Plants has evolved to
stabilize membrane under low temperature stress conditions
(Thomashow, 1999).

Environmental stress induces reactive O, species (ROS) n
plant tissues (Alscher & Hess, 1993). ROS 1s produced as
superoxide radicals (O, 7), hydrogen peroxide (H,O,) and
hydroxyl radicals (OH) during metabolic processes. These
ROS njure the cellular components of proteins, membrane
lipids, and nucleic acids (Scandalios, 1993). To control the
level of ROS and to protect cells under stress conditions, plant
tissues contain several enzymes scavenging ROS [superoxide
dismutase (EC; 1 15 1 1), catalase (EC; 1.11.1.6), peroxidases
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(EC; 1.11.1.7), and glutathione peroxidase] (Blokhina et al.,
2003). Both enzymic and nonenzymic mechanism have
evolved to overcome oxygen toxicity (Alscher & Hess, 1993).
These include antioxidants such as glutathione, ascorbate, and
-tocopherol. Catalase (CAT) and peroxidases (POX) remove
H,0, and superoxide dismutase (SOD) converts superoxide
to hydrogen peroxide (Blokhma er al., 2003). These antioxi-
dants compounds and antioxidative enzymes may play impor-
tant roles to remove of toxic oxygen compounds (Prasad,
1997; Alscher et al , 2002; Kawano, 2003). Although chill-
ng-tolerant plants has been shown to more increase antioxi-
dants and antioxidative enzymes than chilling-susceptible
ones, the various antioxidant enzymes and isozymes are dif-
ferently compartmentalized and responded m the tis-
sues(Anderson er al., 1995; Saruyama et al., 1995, Doulis et
al., 1997; Kuk et al., 2002).

The objective of this study 1s to compare the antioxidative
enzymes response between chilling-tolerant and -susceptible
varteties of japonica rice at the booting stage and to examine
whether these enzyme can be used to screen chilling-tolerant
rice

MATERIAL AND METHODS
Plant material and treatment conditions

Four Japonica rice varieties selected through cold water
treatment in 2002 (Table 1) were used to examine antioxida-
tive enzymes response at the booting stage under cold water
stress. Chilling-susceptible rice varieties (HR19621-AC6
and Sambaegbyeo) and chilling-tolerant rice varieties (Hito-
mebore and Stejaree 45) were transplanted m 1/5000 pot at
20 days after seeding. Fertilizers were applied at the rate of
11, 7.7 and 93 kg/10a m N, P,Os and K,O, respectively.
Nitrogen fertilizers were split into two times of 60 and 40%
as basal fertilizer and top dressing. The samples were
selected at the booting stage of rice on the basis of the auri-
cle distance (the distance between auricles of flag leaf and
the previous leaf of the main culm). These plants with an
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Table 1. Comparison of fertility indices among varieties under cold
water stress

Fertility Indices
Varieties
Inlet Outlet Mean
HR19621-AC6 49169 65 617.8 352
Sambaegbyeo 16.4+8 3 572439 36.8
Hitomebore 528+5.2 929+16 728
Stejaree 45 804+49 96 0+0 4 882
Mean 386 71.9 583
LSD at 5% level
Vareties(V) 91
Treatment(T) 64
V*T+ ek

Fertility Indices = Are Sine VTreatment x 100

Are Sme V Control Fertility

+Comparlson among varieties within treatment.

auricle distance ranging from -5 cm to 0 cm were exposed
until flag auricle using cold water (13°C) by 3 days and 7
days, respectively. Flag leaf was used to examine antioxida-
tive enzymes and their 1sozymes.

Protein extraction

Frozen leaves (0.3 g) were pulverized with a mortar and
pestle using liquid N, and then resuspended with the extrac-
tion buffer contained 100 mM sodium phosphate buftfer (pH
7.0), 10 mM sodium ascorbate and 5 mM diethylene tr1-
aminepentaacetic acid (DTPA) for SOD (Spychalla et al..
1990), and with the extraction buffer contamed 100mM
sodium phosphate buffer (pH 7.8), 1 mM ethylenediamine-
tetraacetic acid (EDTA), 1 mM phenylmethysulfonyl floride
(PMSF), and 10 mg/m! polyvinylpolypyrrolidone (PVPP)
(Anderson et al., 1995) for catalase and peroxidase, and
with the extraction buffer contained 50 mM potassium phos-
phate (pH 7.0), 0.1 mM EDTA, 1 mM acrobate, and 1% (w/
v) PVPP (O'Kane et al., 1996) for GR. The suspension was
centrifuged at 12,000 g for 20 mun at 4 °C. The resulting
supernatant was directly used as an enzyme source The pro-
tein levels were determinated by the methods of Bradford
(1976) with bovine serum albumin as a standard.

Enzyme assays and isozyme analysis

SOD activity was determined by the xanthine oxidase-
nitro blue tetrazolium (NBT) assay (Oberly & Spitz, 1984).
The reaction mixture (1 ml) contained 50 mM potassium
phosphate (pH 7.8), 0.1 mM xanthine, 0 056 mM NBT, 1

mM diethylenetriamine pentaacetic acid (DETAPAC), and 1
unit catalase. The assay was initiated by the addition of suffi-
cient xanthine oxidase to produce a basal rate of ferricyto-
chrome C reduction corresponding to an increase in the
absorbance at 560 nm of 0.017 units/min. SOD isozymes
were analyzed after separating proteins on 10% polyacryla-
mude gels as described (Yun & Lee, 1994).

CAT activity was assayed by determining the rate of
change in the absorbance at 240 nm 1n a reaction mixture (1
m/) that contained 50 mM potassium phosphate (pH 6.9),
100 mM H,0; and 10 mM DTT at 25°C (Beers & Sizer,
1952). Catalase 1sozyme patterns were detected on a 7%
polyacrylamide gel by incubating the gel in the substrate
(3.27 mM H,0,) and developing (1% potassium ferricya-
nide and 1% ferric chloride) solutions (Woodbury et al.,
1971) In the loading buffer for catalase, 60 mM DTT was
substituted for B-ME.

Peroxidase activity was measured spectrophotometically
by monitering the declime n the absorbance at 470 nm m a
reaction mixture that consisted of 50 mM potassium phos-
phate (pH 6.4), 10 mM guaiacol, and 100 mM H,O, (Chance
et al , 1955). Peroxidase 1sozymes were detected on a 10%
polyacrylamide gel by incubating 100 mM sodwum acetate
buffer (pH 4.5) contained 2 mM benzidine (Rao et al., 1996).

GR (EC; 1.6.4.2) activity was assayed by monitering the
decline 1 the absorbance at 340 nm as NADPH was oxi-
dized (O'kane et al., 1996). The reaction mixture was con-
sisted of 100 mM Tris-HCI (pH 7.8), 2 nM EDTA, 50 uM
reduced PB-nicotinamide adenmne dinucleotide phosphate
(NADPH), and 0.5 nM oxidized L-glutathione (GSSG).

GR 1sozymes bands were analysed on a 10% polyacrylarmde
gel by staming buffer composed of 0.24 mM 3-(4.5-dimethylth-
1azol-2-y1)-2,5-diphenylteyrazolium bromide (DPIP), 0.4 mM
NADPH, 0.34 mM 2,6-dichloropheolindphenol (MTT), and
250 nM Tus (pH7.8) contained 3.6 mM GSSG n the dark
(Anderson et al , 1995).

RESULTS AND DISCUSSION

Total SOD, CAT, POX, and GR activities were assayed
with the chilling-tolerant and B-susceptible japonica rice
varieties under cold water stress (13°C) at the booting stage.
SODs are metalloproteins that catalyze the dismutation of
superoxide radicals to hydrogen peroxide and oxygen
(Takahashi & Asada, 1983). This enzyme 1s ubiquitous in
aerobic organisms where 1t plays a major role m defense
generation of reduced oxygen radical-mediated toxicity.
SODs have been proposed to be important 1n plant stress tol-
erance (Mckersie et al., 1993, 1999; Gupta et al , 1993).

Dafferences were detected n total SOD activity between
chilling-tolerant and -susceptible varieties. SOD activity was
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more increased 1n chilling-tolerant varieties than in chilling-
susceptible ones under cold water treatments. Especially,
SOD activity of Stejaree 45 was more improved than that of
any other variety after treatments. SOD activity of Hitome-
bore increased until 3 days, but deceased more or less at 7
days after treatments. However, SOD activity in chilling-tol-
erant varieties was more improved 1n the treatment than con-
trol. In chilling-susceptible varieties, HR19621-AC6 and
Sambaegbyeo, there was no difference between controlled
and treated plants for SOD activity (Fig. 1A). Plants have
multiple isozymes of SOD. The existence of SOD isozymes
in plants and their genetic basis was first demonstrated in
maize (Baum & Scandalios, 1979, 1982). Two Mn-SOD
1sozymes were known to exist in the chilling-tolerant and
-susceptible cultivars during the chilling and the recovery
period at the rice seedling stage (Kuk er al., 2002). Eight
SOD 1sozymes were found 1n all varieties. There were no
different 1sozymes between chilling-tolerant and -suscepti-
ble varieties, but “a” minor 1sozyme activity was improved
after cold water treatments (Fig. 1B) Therefore, SOD was

A OControl (13 days 37 days
[
= 3 B e
E ns b
E ns at b b
B a
9
20
£
R
£
=
]
2 ]
HRI19621-AC6 Sambaeghy Hit bore Stejaree 45

SOD activity

B HR SAM HIT ST

s ida s
o m

e 6 oo

Fig. 1. Superoxide dismutase 1 rice booting stage leaves by cold
water treatments A SOD activities by the umt protein
Values represent means * SE of the two replicates B. SOD
1soforms 1n days after treatments of the four nice varieties,
HR19621-AC6 (HR), Sambaegbyeo (SAM), Hitomebore
(HIT), and Stejaree 45 (ST) Each letter indicates different
1soforms. The same letters are not significantly different
among treatments within a variety (+) at the 5% level by
DMRT

shown to be important to enhance chilling tolerance at the
booting stage.

The intercellular level of H,O, is regulated by a wide
range of enzymes and one of the most important enzyme is
catalase (Willekens et al., 1995)

Our results indicated that differences of CAT activity on
the unit protein basis were distinctive between chilling-toler-
ant and chilling-susceptible varieties. Total CAT activities of
chilling-tolerant varieties were more enhanced than those of
chilling-susceptible varieties after cold water treatments.
CAT activities of HR19621-AC6 increased until 3 days, but,
showed the same level mn 7 days, compared with control
There was no difference of CAT activities in Sambaegbyeo
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Fig. 2. Catalase 1n nce booting stage leaves by cold water
treatments. A CAT activittes by the umit proten B CAT
activities by the fresh weight Values represent means + SE
of the two replicates C CAT 1soforms 1n days after
treatments of the four rice vanieties, HR19621-AC6 (HR),
Sambaegbyeo (SAM), Hitomebore (HIT), and Stejaree 45
(ST) Each letter indicates different 1soforms The same
letters are not sigmficantly different among treatments within
a variety (+) at the 5% level by DMRT



292 KOREANJ CROP SCI, VOL , 49(4), 2004

according to the days after treatment. In chilling-tolerant
plant, Hitomebore and Stejaree 45, CAT activity on the umt
protein basis was more increased 1n treatments than control
(Fig. 2A). There was not different mm CAT activity on fresh
weight basis between control and treatment 1 chilling-sus-
ceptible varieties, while there was significant different in
chilling-tolerant varieties, and CAT activity of stejaree 45
decreased at 7 days compared with control (Fig. 2B).

As total CAT activity indicated, we observed clearly differ-
ences in the staiming of three 1sozymes consisting of one
major isozyme band and two munor 1sozyme band patterns
(Fig. 2C). Four japonica varieties at the booting stage had “a”
isozyme m the control condition. After cold water treatments,
“a” 1sozyme activity increased intenstvely mn all varieties. But,
“b and ¢” were shown to be inducible isozymes expressed
after cold water treatments. Two CAT isozymes were reported
n the seedling stage, and one of two 1sozymes in the chilling
susceptible varieties disappeared from | day after chilling to
3 days after recovery and thereafter, appeared dimly again in 5
days after recovery (Kuk et al., 2002). These results indicated
that CAT activity and 1sozymes were important to screen
chilling- tolerant rice varieties.

Plant peroxidases are heme-containing glycoproteins and
are usually classified as acidic, neutral, or basic, according
to their 1soelectric points. POXs participate 1n various physi-
ological processes, such as lignification, suberization, auxin
catabolism, wound healing and defense mechanisms against
pathogen infection (Hiraga et al., 2001) Total POXs activity
were examined under cold water stress at the booting stage
(Fig. 3A). There was significant difference in POXs activi-
ties on the umt protemn and fresh weight basis between con-
trol and treatments in all varieties. POXs activities in all
varieties were higher n the treatments than 1n the control
But, no difference of POXs activities was found between
chilling-tolerant and -susceptible varieties as compared with
fertility indices (Table 1). Total POX activities were showed
to be distinctive differences 1n the staining of one isozyme.
“d” 1soform was a isozyme induced after cold water stress
(Fig 30).

Glutathione (r-glutamyl cysteinyl Gly) is a versaule regu-
lator of cell metabolism and function (Rennenberg, 1982) It
has been found 1n all cell compartments, such as cytosol,
endoplasmic reticulum, vacuole and mitochondna (Jimenez
et al., 1998).

The enzyme glutathione reductase 1s important for the
function of the glutathione system 1n eukaryotic cells (Noc-
tor et al., 1998). This enzyme catalyzes the reduction of
GSSG to GSH 1n a NADPH-dependent reaction(May et al.,
1998). GR has a pivotal role in maintaining GSH within the
cellular under the stress environment. Chilling sensitivity in
maize leaves has been related to antioxidant status of the
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Fig. 3. Peroxidase mn rice booting stage leaves by cold water
treatments A. POX activities by the unit protein B POX
activities by the fresh weight Values represent means £ SE
of the two replicates C. POX 1soforms m days after
treatments of the four nice vanettes, HR19621-AC6 (HR),
Sambaegbyeo (SAM), Hitomebore (HIT), and Stejaree 45
(ST) Each letter indicates different 1soforms The same
letters are not sigmificantly different among treatments within
a variety(+) at the 5% level by DMRT

cells (Doulis et al., 1997). Especially, GR is known to be an
unportant factor limiting the degree of photodamage under
chilling temperatures (Fryer et al., 1998).

Total GR activities were higher n the treatments than con-
trol except Stejaree 45 on the fresh weight basis But, there
was no difference for GR activities between chilling-tolerant
and -susceptible vaneties (Fig. 4A and 4B). Six isoforms
were found for GR 1sozymes i this experiment. But, no dif-
ference were showed n all varieties (Fig. 4C).

Our results shows that antioxidative enzymes activities of
total SOD, CAT, POX, and GR were found to be important
factors related with cold water stress at the booting stage of
japonica rice. Especially, SOD and CAT activities showed
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Fig. 4. Glutathione reductase mn rice booting stage leaves by cold

water treatments. A GR activities by the unit protein B GR
activittes by the fresh weight Values represent means + SE
of the two rephicates C GR 1soforms 1n days after treatments
of the four nce vaneties, HR19621-AC6 (HR), Sam-
baegbyeo (SAM), Hitomebore (HIT), and Stejaree 45 (ST).
Each letter indicates different 1soforms The same letters are
not significantly different among treatments within a variety
(+) at the 5% level by DMRT

clearly differences between chilling-tolerant and -suscepti-
ble varieties. Though 1sozymes of these antioxidative
enzymes were not showed the difference between chilling-
tolerant and -susceptible varieties in this experiment, we
found the inducible 1sozyme polymorphisms after cold
stress treatments.
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