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Influence of a brassinosteroid analogue on antioxidant enzymes
in rice grown in culture medium with NaCl
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Abstract

We studied the effects of a polyhydroxylated spirostanic brassinosteroid analogue (BB-16) on the activities of
antioxidant enzymes in rice seedlings grown in vitro in culture medium supplemented with NaCl. Seedlings were grown
in medium with 75 mM NaCl and 0.001 or 0.01 mg dm™ BB-16 for 16 d or 3-d-old seedlings were exposed for 4 d to
0, 0.001 or 0.01 mg dm™ BB-16 then further grown in medium with 75 mM NaCl without BB-16. Seedlings exposed to
0.01 mg dm™ BB-16 for 16 d showed significant increase in the activities of catalase (CAT), superoxide dismutase
(SOD) and glutathione reductase (GR) and a slight increase in ascorbate peroxidase (APX). On the other hand, 4-d
exposure to BB-16 only increased SOD and CAT activities at concentration 0.001 mg dm™. GR activity was not altered
by this BB-16 treatment. These results indicated that BB-16, which is structurally modified in the lateral chain in
relation to natural brassinosteroids, changes the activity of key antioxidant enzymes, which might confer tolerance to
saline stress.
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Introduction

Reactive oxygen species (ROS) singlet oxygen ('0y),
hydrogen peroxide (H,0,), superoxide anion (O,) and
hydroxyl (OH) are highly reactive, destroying lipids,
nucleic acids and proteins (Foyer et al. 1994). Therefore
their contents in the cells are controlled by an antioxidant
defense system that includes several enzymes (ascorbate
peroxidase, glutathione reductase, superoxide dismutase
and catalase) and non-enzymic compounds (ascorbate,
reduced glutathione, tocopherol, carotenoids and
flavonoids). However, under stresses, such as drought,
heavy metals, heat and chilling temperatures, salinity, air
pollution, wounding, senescence and pathogen infection
(Azevedo et al. 1998, Del Rio et al. 1998, Manchandia
et al. 1999), the production of ROS is increased usually
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with an concomitant increase in antioxidants, suggesting
that the antioxidant defense system may have a general
role in the acquisition of tolerance by plants (Vitdria et al.
2001).

Brassinosteroids (BRs) are naturally occurring plant
growth regulators (Clouse and Sasse 1998), and among
several stresses (Khripach es al. 1999) it has been
reported that they might confer tolerance against salt
stress (Takematsu and Takeuchi 1989). BR analogues
have been assessed as plant growth regulators in field
trials (Kamuro and Takatsuto 1999, Ramirez et al. 2000)
and it has been shown that they might induce antioxidant
responses in tomato under stress conditions (Mazorra and
Nufiez 2000, Mazorra et al. 2002). However, it is still
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unknown whether brassinosteroid analogues with little
structural modification from natural brassinosteroids may
protect plants against different kinds of stresses.

In this study the ability of a polyhydroxylated

Materials and methods

Sterilized rice (Oryza sativa L. cv. J-104) seeds were
germinated in Petri dishes containing MS solid medium
(Murashige and Skoog, 1962) supplemented with
100 mg dm™ inositol, 10 mg dm™ thiamine, 2.5 mg dm™
pyridoxine, 1.85 mg dm™ nicotinic acid, 30 g dm>
sucrose and 0.6 % purified agar. The culture medium pH
was adjusted to 5.8 before autoclaving (20 min, 121 °C,
1.2 kg cm pressure). The seeds were maintained under
16-h photoperiod (48 pmol m™ s?, from cool white
fluorescent lamps) and temperature 26 + 2 °C.

Biobras-16 (BB-16), a commercial formulation with a
polyhydroxylated spirostanic brassinosteroid analogue as
active substance, C,7H4,0s, Mr 446, was supplied by the
Centro de Estudios de Productos Naturales de la
Universidad de la Habana.

Six-d-old seedlings grown in the Petri dishes were
transferred to culture tubes containing 15 cm’ of MS
basal solid culture medium supplemented with 75 mM
NaCl and BB-16 (0, 0.001 and 0.01 mg dm™). The tubes
with seedlings (12 per treatment) were maintained at
irradiance of 48 pmol m™ s and 25 + 2 °C over a period
of 16 d. At the end of this period, the shoots were
collected for enzyme extraction.

In a further experiment, 3-d-old seedlings were
transferred to Petri dishes containing 25 cm®> MS basal

Results and discussion

Preliminary studies showed that 75 mM NaCl in the
culture medium caused a 10 % reduction in the fresh
mass of rice seedlings (data not published), suggesting
that at this salt concentration a mild saline stress was

spirostanic brassinosteroid analogue to modify the
activity of some key antioxidant enzymes in rice
seedlings grown in culture medium with NaCl was
investigated.

solid medium supplemented with BB-16 (0, 0.001,
0.01 mg dm™) for a period of 4 d. After that, seedlings
(12 per treatment) were transferred to culture tubes
containing 15 cm® MS basal solid medium supplemented
with 75 mM NaCl but without BB-16. The light and
temperature conditions were the same as described above
and the shoots were collected for enzyme extraction 14 d
later.

Plant tissue (0.5 g) was frozen and ground in liquid N,
in mortar and pestle and homogenized in 5 cm® of
extraction buffer (25 mM HEPES, pH 7.8, 0.2 mM
Na,EDTA). The homogenate was centrifuged (15 000 g,

4 °C, 20 min) and the supernatant was collected and

stored at -20 °C for further enzyme analysis. Catalase
(CAT; EC 1.11.1.6) and glutathione reductase (GR;
EC 1.6.4.2) were assayed according Cakmak et al.
(1993), and ascorbate peroxidase (APX; EC 1.11.1.11)
and total superoxide dismutase activity (SOD;
EC 1.15.1.1) according to Nakano and Asada (1981) and
Giannopolitis and Ries (1977), respectively. Assays for
CAT and SOD activities and SOD isoenzyme
classification in native PAGE gels were also carried out
(Vitéria et al. 2001). Proteins in the extracts were
determined according to Bradford (1976)

induced. Therefore, this saline concentration was used to
investigate the effects of BB-16 on the activity of key
antioxidant enzymes.

Table 1. Activities [U g'(f.m.)] and specific activities [U g '(protein)] of antioxidant enzymes in seedlings germinated with BB-16.

Means + SE, n =12,

Treatments CAT SOD APX GR
Experiment 1 control 1.70 £0.22 0.110 £ 0.020 225%0.75 1625+ 1.70
(activities) 0.001 mg dm” BB-16 3.90+£0.68 0.110 £ 0.010 250+048 12.85 +0.44
0.010 mg dm™ BB-16 4.50+0.57 0.190 £ 0.030 3.82+£0.83 23.75£1.50
Experiment 2 control 14.10 £ 1.06 0.060 £ 0.005 7.30+0.80 14.70 £ 1.22
(activities) 0.001 mg dm™ BB-16 16.88 £ 1.35 0.180 £ 0.015 10.70 £ 0.82 13.90+0.83
0.010 mg dm” BB-16 2472+ 1.13 0.180 + 0.004 6.32x1.09 16.98 + 1.33
Experiment 2 control 1.61+0.12 0.007 £ 0.0006 0.83 £0.09 1.68 £ 0.14
(specific activities) 0.001 mg dm™ BB-16 2.14+0.17 0.023 +0.002 1.36£0.10 1.76 £ 0.10
0.010 mg dm” BB-16 2.06+0.09 0.015 £ 0.0004 0.53 +0.09 1.42+0.11
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EFFECT OF BRASSINOSTEROIDS ON ANTIOXIDANT ENZYMES

In the first experiment, the activities of all enzymes
analyzed increased at the highest BB-16 concentration of
0.01 mg dm™ (Table 1). CAT activity already increased at
0.001 mg dm™ BB-16.

A different response was observed when the activities
of the antioxidant enzymes were studied in rice seedlings
derived from germinated seeds previously exposed to
BB-16 and later grown in saline medium (Table 1). CAT
activity only increased significantly at 0.01 mg dm?
while SOD increased at both BB-16 concentrations
(Table 1). APX only increased at 0.001 mg dm™ and no
response was observed for GR activity. To verify whether
the observed changes in these antioxidant enzymes
resulted from BB-16-induced modifications in the protein
content, the specific activity was also calculated in this
experiment (Table 1). When enzymatic activity was
expressed as specific activity [U mg (protein)] the
response to BB-16 treatments was not completely
different, but SOD activity at 0.01 mg dm™ was reduced
and CAT activity for both BB-16 concentrations became
similar, but still greater than the control treatment.

Interestingly, higher CAT and APX values were
observed in the controls from the second experiment.
These differences might be due to seedling handling but
also to the developmental stage of the seedlings used in
experiments 1 and 2. CAT activity was much higher in
three day germinated barley seeds than in three-week-old
seedlings (Azevedo et al. 1998).

SOD ACTIVITY
CN

Fig. 1. Superoxide dismutase activity staining and isoenzymes
classification in rice shoot extract. Gel slices were incubated
with either KCN or H,O, or no inhibitors (total activity). The
negative display is presented for better visualization of the
activity bands.

Activity staining of CAT and SOD in PAGE did not
reveal any difference in the banding pattern among
treatments (data not shown). A single activity band was
observed for CAT and at least seven SOD isoenzymes
were observed, some of very low activity. SOD
isoenzyme classification using H,O0, and KCN allowed
the identification of three CuZn-SOD (inactivated by
KCN and H,0,) and four Mn-SOD (resistant to both

inhibitors). Two CuZn-SOD accounted for the majority
of the SOD activity in the gel (Fig. 1).

Previous reports showed that exogenous application
of BRs modified antioxidant enzyme activity (Li and Van
Staden 1998a,b). Chen et al. (1997) found that
application of homobrassinolide increased SOD and
peroxidase activities and decreased membrane lipid
peroxidation in rice. Furthermore, Mazorra and Nuiiez
(2000) and Mazorra et al. (2002) demonstrated that the
effect of BRs and their analogues on antioxidant activity
was dependent on concentration.

NaCl stress may impose an increased oxidative stress
and treatments with brassinosteroids stimulated the
growth of rice plants in field trials under saline conditions
(Takematsu and Takeuchi 1989), therefore it was
expected that rice seedlings treated with BB-16 were
likely to show an enhanced antioxidant response in the
saline growth medium. Indeed, our results showed
variations in the activity of key antioxidant enzymes in
rice seedlings grown either in the presence of BB-16 and
NaCl (experiment 1) or pre-treated with BB-16 and then
grown in NaCl without BB-16 (experiment 2). Therefore,
H,0; produced by SOD activity or by the presence of
NaCl in the culture medium was removed by CAT in the
peroxisome or by APX of the ascorbate-glutathione
antioxidant cycle in the chloroplasts (Foyer ef al. 1997).
Since only CAT showed higher activity in the presence of
BB-16, APX activity may play a minor role in the BB-16
induced detoxifying process and/or H,O, is probably
produced in higher concentrations in the peroxisome.

GR activity maintains the pool of glutathione in the
reduced state, which in turn reduces dehydroascorbate to
ascorbate. Increased expression of GR enhances tolerance
to oxidative stress (Noctor and Foyer 1998). the GR
activity was investigated to address the question of
whether BB-16 in the saline medium causes change in the
glutathione pool. An increase in GR activity was
observed at 0.01 mg dm™ BB-16 concentration in the first
experiment supporting the fact that BB-16 may be an
effective protection to saline stress.

The present study is evidence that developmental
stage, concentration and period of time of brassinosteroid
application are very important parameters in the study of
the effects of BRs in plants. In addition, in the second
experiment it was shown that BB-16 induced a durable
effect, implying that BB-16 might trigger cellular signals
that lead to long-term effects on antioxidant enzymes.
Alternatively, BB-16 in its metabolically active forms,
could be stored in the plant tissue, which activate or
inhibit the activity of these enzymes. In addition, these
results also showed that similarly to natural BRs, BB-16
was able to stimulate the activities of key antioxidant
enzymes. Since it is known that the rice variety used in
the present study (J-104) is sensitive to saline stress
(M.C. Gonzalez, personal communication) the BB-16
antioxidant induced activity needs to be confirmed in
field trials with plants growing in saline soil.
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