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Abstract: The objective of thus study was to mvestigate the effects of different concentration (0, 0.1, 0.7, 1.5,
3, 6 and 9 mM) of SA on antioxidant enzymes in Capsicum annuum L. plants. Enzyme activities of peroxidase,
polyphenol oxidase, ascorbate peroxidase, catalase and glutathione reductase were measured. The plants

were grown in pots vermiculite. Before applying the salicylic acid treatments, plants filled with were irmigated
with based nutrient solution (Hoagland solution) for 5 weeks. After 5 weeks, plants were sprayed with

different concentrations (0, 0.1, 1.5, 3, 6 and 9 mM) of salicylic acid. Data were analyzed using SPSS software
and means were compared by Duncan test. In each experiment 4 replicats were used. Concentrations of 1.5, 3,
6 and 9 mM of SA caused significant increase in polyphenol oxidase and peroxidase enzyme activities in

treated leaves. Concentrations of 0.7, 1.5 ad 3 mM of SA decreased in (catalase, ascorbate peroxidase and
glutathione reductase) activities, but concentrations of 6 and 9 Mm of SA increased enzyme activities. Different

concentrations of salicylic acid had different effects on enzyme activities in Capsicum annuum L.
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INTRODUCTION

SA is a major phenylpropancid compound that
mfluences plant resistance to pathogens and probably to
other stress factors (Sharma et al., 1996, Durner et al.,
1997; Surplus et al., 1 998). It 13 well documented that
many phenolic compounds play a role in the regulation
of different physiological processes, including
plant growth and development, ion uptake and
photosynthesis (Lynn and Chang, 1990).

Salicylic acid (SA) and related compounds have been
reported to induce significant effects on various
biological aspects in plants. These compounds influence
in a variable manner; inhibiting certain processes and
enhancing others (Raskin, 1992). Elevation of H,O, levels
can stimulate SA accumulation (Chamnongpol et al,
1998). There also reports which indicates SA can
mcrease H,0, in plants (Rao et al., 1997; Shirasu et al.,
1997; Dat et al., 1998).

Plants have evolved protective mechamisms to keep
these deleterious reactions to a mimmum either by
antioxidative enzymatic defence includes peroxidase,
polyphenol oxidase, ascorbate peroxidase, catalase and
glutathione reductase or non- enzymatic.

There 1s also evidence that SA can alter the
antioxidant capacity in plants (Chen et al, 1997;
Fodor et al., 1997, Rao et al, 1997). Therefore, in this
research changes m the antioxidant enzymes by different
concentrations of salicylic acid were studied.

MATERIALS AND METHODS

This study was done by the International Center of
Science, High Technology and Environmental Sciences.
Kerman, Iran in date 1 June 2006.

Plants were grown in the greenhouse at 25/20°C
(day/might), with a 16 h light and 8 h dark photoperiod for
35 days. After 5 weeks, plants were treated with different
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concentrations of (0, 0.1, 0.7, 1.5, 3, 6 and 9 mM) of
salicylic acid for three weeks. Four replicates were used
for each treatment.

Measurements of antioxidant enzymes activity: Catalase
activity was
disappearance of H,0, following the procedure of
Dhindsa et al. (1981). 05 g of leaf sample was
homogenised in 5 ml. of 50 mM potassium phosphate
buffer pH = 7 and 1% PVP. Homogenised samples were
centrifuged at 4°C for 10 mm at 15000 g. An aliquot
of 1 mL of the supernatant of the enzyme extract was
added to the reaction mixture containing 1 mL of
1.5 M H,O, and 3 mL of 50 mM potassium phosphate
buffer pH = 7. Decrease in H,0, 1s followed as decline at
240 nm during 30 sec.

Glutathione reductase activity was assayed in 2 mL
of 100 mM TRIS-HC1 bufter (pH =7.2) containing 0.2 mM
NADPH, 5 mM glutathione disulphide (G3S3G) and
100 pL of plant extract (Anderson, 1996). The change in
absorbance at 340 nm was recorded at 25°C in a
spectrophotometer. Enzyme activity was based on the
oxidation rate of NADPH using an extinction coefficient
of 6.2mM ' em ™.

Peroxidase and polyphenol oxidase activities were
determined by methods described by Kara and Mishra
(1976).

APX activity was measured by the method of Nakano
and Asada (1981). Enzymes activity was expressed as
units/mg protein.

Protein concentration in enzyme extracts was
determined according to Bradford (1976).

assayed by measuring the rate of

Statistics: The data were analysed by using analysis of
variance (ANOVA). Data are expressed as the meant+SD.
Statistical analyses were performed using a one-way
analysis of variance (ANOVA), followed by Duncan test.
Differences of p<0.05 were considered to be statistically
significant.

RESULT

Capsicum ammium L. plants which were grown either
SA  treatment, showed different
enzymatic activities. Concentrations of 1.5, 3, 6 and
9 mM of SA caused sigmificant increase in polyphenol
oxidase and peroxidase activities m treated leaves
(Fig. 1 and 2).

Concentrations of 0.7, 1.5 ad 3 mM SA decreased
enzyme activities (catalase, ascorbate peroxidase and
glutathione reductase), but concentrations 6 and 9 mM of
SA increased enzyme activities (Fig. 3-5).

under control or
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activity, values are the means of four replicates
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significant difference at p<0.05 according to
Duncans test
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Effect of salicylic acid treatment on catalase
activity, values are the means of four replicates
and bars indicates SEM, different signs show
significant difference at p<0.05 according to
Duncans test
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Fig. 4: Effect of salicylic acid treatment on ascorbate
peroxidase activity, values are the means of four
replicates and bars indicates SEM, different signs
show sigmificant difference at p<0.05 according to
Duncans test
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Fig. 5: Effect of salicylic acid treatment on glutathione
reductase activity, values are the means of four
replicates and bars indicates SEM, different signs
show significant difference at p<0.05 according to
Duncans test

DISCUSSION

There 1s also evidence that SA can alter the
antioxidant capacity m plants (Chen et al, 1997,
Fodor et al., 1997, Rao et al., 1997). Therefore, in this
research changes in the antioxidant enzymes by different
concentrations of salicylic acid were studied.

Oxidative stress i plants 18 buffered by the
activation of antioxidant defences, including antioxidant
enzymes peroxidase, polyphenol oxidase,
catalase, ascorbate peroxidase and glutathione reductase.
Oxidative stress 1s characterized by the synthesis of
hydrogen peroxide, which is normally reduced and
detoxified by CAT activity in the peroxisomes and by
ascorbate peroxidase mn the cytosol, mitochondria and
chloroplasts (Foyer et al., 1997, Asada, 1999).

such as

SA treatment increased the polyphencl oxidase and
peroxidase activity in the leaves, but the activity of
catalase, ascorbate peroxidase and glutathione reductase
decreased when compared with the control in the leaves
of pepper plants at 0.7, 1.5 and 3 mM SA, while at 6 and
9 mM their activity enhanced (Fig. 1-5).

Earlier investigations have shown the role of SA 1n
modulating plant respenses to a wide range of oxidative
stresses (Shirasu et al., 1997). Salicylic acid inhibited a
substantial portion of the catalase activity in several plant
species (Raskin, 1992; Sanchez-Casas and Klessig, 1994).

In this research activity of enzymes such as
peroxidase, polyphenol oxidase, ascorbate peroxidase,
catalase and glutathione reductase enhanced in high
concentrations of SA (6 and 9 mM) which may mdicate
that these enzymes might serve as acchmatization
mechanisms to scavenge the toxic free radicals of
oxygen produced under stressful conditions. Activity of
may provide protection agamst high concentrations
which 1s stressful. We concluded that  different
concentrations of salicylic acid had different effects on
enzyme activities in Capsicum anniiim L.

REFERENCES

Anderson, ME., 1996. Glutathione. Free Radicals:
A Practical Approach.  Punchard, N.A. and
F.I. Kelly (Eds.), Oxford: Oxford University Press,
pp: 213-226.

Asada, K., 1999. The water-water cycle in chloroplasts:
Scavenging of active oxygens and dissipation of
excess photons. Ann. Rev. Plant Physiol. Plant Mol.
Biol., 50: 601-639.

Bradford, M.M., 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utihzing the principle of protein-dye binding. Anal.
Biochem., 72: 248-254.

Chamnongpel, 8., H. Willekens, W. Moeder,
C. Langebartels, H. Sandermarnn, M. Van Montagu,
D. Inze and W. Van Camp, 1998. Defense activation
and enhanced pathogen tolerance induced by H,O,
in transgenic tobacco. Proc. Natl. Acad. Sci. USA,
95: 5818-5823.

Chen, Z., S. Lyer, A. Caplan, D.F. Klessig and B. Fan,
1997, Differential accumulation of salicylic acid and
salicylic acid-sensitive catalase in different rice
tissues. Plant Physiol., 114: 193-201.

Dat, I.F., H. Lopez-Delgado, C.H. Foyer and .M. Scott,
1998. Parallel changes in H,O, and catalase during
thermotolerance induced by salicylic acid or heat
acclimation in mustard seedlings. Plant Physiol.,
116:1351-1357.

3164



FPak. J. Biol. Sci., 10 (18): 3162-3165, 2007

Dhindsa, R.S., P. Plumb-Dhindsa and T.A. Thorpe, 1981.
Leaf senescence: Correlated with increased levels of
membrane permeability and lipid peroxidation and
decreased levels of superoxide dismutase and
catalase. J. Exp. Bot., 32: 93-101.

Durner, T, T. Shah and D.F. Klessig, 1997. Salicylic acid
and disease resistance in plants. Trends Plant Sci.,
2: 266-274.

Fodor, 1., G. Gullner, A.L. Adam, B. Barna, T. Komives,
and Z. Kiraly, 1997. Local and systemic responses
of antioxidants to tobacco mosaic virus infection
and to salicylic acid m tobacco. Plant Physiol.,
114: 1443-1451.

Foyer, C.H., H. Loépez-Delgado, I.F. Dat and I.M. Scott,
1997. Hydrogen peroxide- and glutathione-associated
mechamsms of acclimatory stress tolerance and
signaling. Physiol. Plant., 100: 241-254.

Kara, M. and D. Mishra, 1976. Catalase, peroxidase, poly
phenoloxidase  activities  during
senescence. Plant Physiol,, 54: 315-319.

Lymn, D.G. and M. Chang, 1990. Phenolic signals in
cohabitation: Implications for plant development.
Annu. Rev. Plant Physiol Plant Mol Biol,
41: 497-526.

Nakano and K. Asada, 1981. Hydrogen peroxide is
scavenged by ascorbate-specific peroxidase in
spinach  chloroplasts.  Plant  Cell Physiol.,
22: 867-880.

since  leafl

Rao, M.V., G. Paliyath, P. Ormmrod, D.P. Murr and
C.B. Watkins, 1997. Influence of salicylic acid on
H,0, production, oxidative and HQ -,
metabolizing enzymes. Plant Physiol., 115: 137-149.

Raskin, 1., 1992. Role of salicylic acid in plants. Anmu.
Rev. Plant Physiol. Plant Mol. Biol., 43: 439-463.

Sanchez-Casas, P. and D.F. Klessig, 1994, A salicylic
acid-binding activity and a salicylic acid-inhibitable
catalase activity are present m a variety of plant
species. Plant Physiol., 106: 1675-1679.

Sharma, Y.K., I. Leon, I. Raskin and K.R. Davis, 1996.
Ozone-mduced expression of stress-related genes in
Arabidopsis thaliana. The role of salicylic acid in the
accumulation of defense related transcripts and

Proc. Nat. Acad. Sci. USA,

stress

induced resistance.
93: 5099-5104.

Shirasu, K., H. Nakajima, V.K. Rajasekhar, R.A. Dixon and
C. Lamb, 1997. Salicylic acid potentiates an agonist-
dependent gain control that amplifies pathogen
signals in the activation of defence mechanisms.
Plant Cell, 9: 261-270.

Surplus, S.L., BR. Jordan, AM. Murphy, I.P. Carr,
B. Thomas and S.A H. Mackemess, 1998, Ultraviolet-
B induced responses in Arabidopsis thaliana: Role
of salicylic acid and reactive oxygen species in the
regulation of transcripts encoding photosynthetic
and acidic pathogenesis-related proteins. Plant Cell
Environ., 21: 685-694.

3165



	PJBS.pdf
	Page 1


