http://www.pjbs.org PIB S ISSN 1028-8880

Pakistan
Journal of Biological Sciences

ANSInet

Asian Network for Scientific Information
308 Lasani Town, Sargodha Road, Faisalabad - Pakistan




Pakistan Journal of Biological Sciences 10 (21): 3835-3840, 2007

ISSN 1028-8880
© 2007 Asian Network for Scientific Information

Effects of Drought Stress on Protective Enzyme Activities and
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Nayer Mohammadkhani and Reza Heidari
Department of Biology, Faculty of Science, Urmia University, Iran

Abstract: Response of antioxidative defense system to drought stress was studied in two cultivars of maize
differing in sensitivity to drought. The six-days old seedlings were transferred in to different concentrations
of polyethyleneglycol (PEG) 6000 as drought stress treatment. After 24 h treatment with PEG 6000 an increase
was observed in protective enzymes, MDA content and electrolyte leakage. Under drought stress the activities
of protective enzymes in roots and shoots increased sharply. This increase in 704 variety was higher than
301 variety. The protective enzyme activities in roots were lower than those in shoots. The content of
malondialdehyde (MDA) mcreased according to severity of water stress. The content of MDA in roots was
lower than in shoots. The electrolyte leakage increased greatly in drought stress, too. Increase of MDA content
and electrolyte leakage m 704 variety were higher than 301 variety.
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INTRODUCTION

Maize (Zea mays L.) 1s a mam food and economical
crop. It 1s one of the most important crops throughout the
world. So, 1t 15 urgent to improve maize yields even under
the unfavorable conditions. Depending on different water
stress conditions, biochemical changes to various extent,
occurs 1n maize. Maize production suffers during severe
drought (Ti-da et al., 2006).

Drought stress is one of the important limiting factors
in plant growth which has limited the production in 25%
of arable lands in the world (Levitt, 15980).

Water deficiency can induce membrane damage,
increase membrane permeability and the accumulation of
free radicals in plants. As a reaction to this condition,
antioxidative enzymes can be produced to remove those
active oxygen radicals (Sun et al., 2003; Wang et al., 2002)

Higher plants have OXygen-scavenging
systems consisting of several antioxidant enzymes, such
as ascorbate peroxidase (APX), guaiacol peroxidase (GPX)
and catalase (CAT). These systems protect membranes
from the deleterious effects of ROS, such as superoxide
radicals, hydrogen proxide (H,0,), hydroxyl radicals and
singlet oxygen, which are produced at elevated rates

active

when plants are exposed to abiotic stress conditions
(Bowler et al., 1992; Noctor and Foyer, 1998). The
superoxide radical 1s dismutated to H,O, by SOD, CAT
and APX metabolize H,O,into H,O.

Numerous studies have indicated that activities of
antioxidant enzymes are correlated with plant tolerance to
abictic stresses. The drought-induced damage was
negatively correlated with the capacity for increase of
SOD and CAT activities in mosses cultivars differing in
drought tolerance (Dhindsa and Matowe, 1981 ).

A correlation between antioxidant enzyme activity
and water stress or salinity tolerance was demonstrated
by comparison of a tolerant cultivar with a sensitive
cultivar in several plant species, such as rice
(Diocnisio-Sense and Tobita, 1998; Srivalli et «l, 2003,
Vaidyanathan et «l., 2003) and tomato (Mittova et al.,
2002).

MDA 18 a major cytotoxic product of lipd
peroxidation and has been used widely as an indicator of
free radical production (Hong et @l., 2000; Hua et al , 1997,
Kavikishor et al, 1995, Kunert and Ederer, 1985,
Peng et al., 1996).

Electrolyte leakage reflects the damage of stresses to
the plasmalemma.

The response mechamsms of reactive oxygen
scavering system and lipid peroxidation to drought stress
are very complex, as they are not only dependent on plant
genotype and stress intensity, but also there are different
modes of enzyme reaction.

The main aim of this study was to understand the
responses and adaptations of maize to drought and the
physiological and biochemical

function of some

Processes.
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MATERIALS AND METHODS

Plant materials and growth conditions: This study was
conducted at biochemistry laboratory, Department of
Biology, Urmia University, Tran, during the winter of 2007.

Two genotypes of com (Zea mays 1..) were used:
var., 704 and var. 301 which was obtained from the
Agricultural Research Center of Ardebil, Iran.

Seeds were germinated in Petri dishes on two layers
of filter paper for three days at 25°C in an incubator.
After three days, the seedlings were sown in plastic pots
(15 cm diameter, 20 cm depth) filled with sand and wnigated
with half strength of Hoagland nutrient solution
(Hoagland and Arnon, 1938).

Three uprooted six-days old seedlings transferred to
hydroponic culture of aerated test tubes containing
polyethyleneglycol (PEG 6000) solutions of 10, 20, 30
and 40% strengths to achieve water deficit levels
of -0.15, -0.49, -1.03 and -1.76 Mpa, respectively
(Bulyn et al., 1973; Nicholas, 1989, Steuter, 1981) as
treatments and aerated test tubes containing half strength
Hoagland nutrient solution which served as control. Test
tubes were placed 1 greenhouse for 24 h and thereafter
MDA content, electrolyte leakage and protective enzymes
activity was determined in roots and shoots.

Measurement of MDA content: MDA content was
measured usmg a 2-thiobarbituric acid reaction
(Heath and Packer, 1968, Hong et al, 2000
Chen et al, 2004). Thus 1 g of fresh tissue was
homogenized in 5 mL of 5% (W/V) tnchloroacetic acid and
the homogenate was centrifuged at 10000 g for 15 min at
room temperature. The supernatant was mixed with an
equal volume of 2-thiobarbituric acid (0.5% in 20% [w/v]
trichloroacetic acid) and the mixture was boiled for 25 min
at 95°C, followed by centrifugation for 5 min at 7500 g to
clarify the solution.

Absorbance of the supernatant was measwed at
532 nm and comrected for non-specific turbidity by
subtracting the A600. MDA contents were calculated

using and extinction coefficient of 155 m™'em ™"

Determination of electrolyte leakage: The electrolyte
leakage was determined as described before (Huang et al.,
2005). Shoots and roots of four seedlings were immersed
in 15 mL of distilled water in a test tube overnight at room
temperature. The imitial conductivity was determined
using a conductivity meter (model kent EIL5007). The test
tubes were then placed in boiling water for 15 min and
cooled to room temperature. Conductivity was again
determined. The electrolyte leakage was calculated as the
ratio of conductivity before boiling to that after boiling.

Determination of enzyme activity: For extraction of plant
extracts, 0.5 g fresh weight of shoots and roots were
ground in a mortar with pestle in 5 mL buffer (0.05 M
tris-HCI buffer, pH = 7.5, 3 mM MgCl,, 1 mM EDTA).
Enzyme extracts used for determination of ascorbate
peroxidase (APX) activity involve 2 mM ascorbate, too.
The homogenate was centrifuged at 5000 g for 20 min. The
supematant was used for determination of GPX, APX and
CAT activities (Garratt et af., 2002).

The reaction solution of GPX contained 50 mM
phosphate buffer (pH = 7), 1 mL guaiacol 1% and 0.3 mT.
enzyme extracts. After equilibration at 30°PC for 1 min, the
reaction was started by the addition of 1 mL H,O, 1%
(wiv). GPX activity was calculated by following the
decrease 1 absorbance of tetraguaiacol (extinction
coefficient 26.6 mM 'em™") within 1 min at 420 nm by
UV-visible spectrophotometer (WPA model S2100)
(Upadhaya et al., 1985).

The 3 mL reaction solution of APX contamed 50 mM
phosphate buffer (pH = 7), 0.2 mL H,O, 1% (w/v), 0.5 mM
ascorbate, 0.1 mM EDTA and 0.1 mL enzyme extracts.
APX  activity was calculated by following the
decrease in absorbance of ascorbate (extinction
coefficient 2.8 mM ™ cm™) within 1 min at 240 nm by UV
-visible  spectrophotometer (WPA model S2100)
(Asada and Chen, 1989).

The 3 mL reaction solution of CAT contamed 50 mM
phosphate buffer (pH = 7), 0.2 mL H,0,1% (w/v)and
50 pl of enzyme extracts. The reaction was imtiated by
adding enzyme extracts. The decrease of absorbance of
H,O, {(extinction coefficient 0.036 mM ' om ™) within 1 min
at 240 nm was recorded by UV -visible spectrophotometer
(WPA model S2100). One umt of CAT activity was
defined as the amount of enzyme required to oxidize 1 M
of H,O, per minute (Maehly and Chance, 1959).

Statistical analyses: Mean values were calculated from
measurements of four replicates and the SE of the means
were determined. One-way ANOVA and Tukey HSD s
multiple range test (p<0.05) was applied to determine the
signmficance of the result between different treatments.
All statistical analyses were done using the Statistical
Package for Social Sciences (SPSS) for
(version 13.0.0).

Windows

RESULTS

Effect of water stress on lipid peroxidation (MDA
content): MDA 1s one of the end products which 1s
produced as a result of lipid peroxidation damage by
free radicals.
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Fig. 1. Effects of different PEG 6000 treatments on lipid

peroxidation (MDA content) in roots (a) and
shoots (b) of two maize cultivars. Results are
shown as meantstandard error (p<<0.05), obtained
from four replicates
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Fig. 2. Effects of different PEG 6000 treatments on
electrolyte leakage in roots (a) and shoots (b) of
two maize cultivars Results are shown as
meantstandard error (p<0.05), obtained from
four replicates
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Fig. 3. Effects of different PEG 6000 treatments on
guaiacol peroxidase (GPX) activity in roots (a) and
shoots (b) of two maize cultivars Results are
shown as meantstandard error (p<0.05), obtamned
from four replicates

Under drought stress the MDA content in roots and
shoots both mcreased depending on drought intensity
and plant organ.

Increase of MDA content in 704 var. was higher than
in 301 var. and in roots it was higher than m shoots
because of high drought stress (Fig. 1).

Increases of MDA content in roots in PEG 10% and
in shoots in PEG 20% were enormous.

Effect of water stress on electrolyte leakage: Electrolyte
leakage reflected the damage of stresses to the
plasmalemma. It showed minor vanations in var. 301.
Electrolyte leakage in var. 704 increased greatly, which
indicated that 301 plants were less damaged under
drought stress than 704 plants (Fig. 2).

Electrolyte leakage in roots was increased greater
than in shoots. Therefore, the damage of plasmalemma in
roots was greater than in shoots, because drought stress
in roots was higher than in shoots.

Effects of water stress on protective enzymes activities:
Under water stress, protective enzymes (GPX, APX and
CAT) in maize roots and shoots increased in both
varieties.
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Fig. 4 Effects of different PEG 6000 treatments on
ascorbate peroxidase (APX) activity in roots (a)
and shoots (b) of two maize cultivars Results are
shown as meantstandard error (p<<0.05), obtained
from four replicates

Under PEG treatments, the activities of APX and CAT
mshoots and roots imtially increased drastically. This
increase was obvious at PEG 10%. In PEG 10% the activity
of APX mn roots ncreased 1.8 fold for 704 var. and 1.6 fold
for 301 var. as compared to the control and in shoots
mncreased 1.5 fold as compared to the control in both
varieties (Fig. 4).

In PEG 10%, the activity of CAT in roots increased
2.6 fold in both varieties and in shoots increased 1.8 fold
for 704 var. and 1.5 fold for 301 var. (Fig. 5).

The activity of GPX increased gradually in different
treatments (Fig. 3).

In 301 var., protective enzyme activity decreased in
PEG 40%. Decrease in APX activity was lower than GPX
and CAT. Therefore, 301 plants at PEG 30% showed
greater protective enzyme activity than others, but 704
plants at PEG 40% showed high enzymes activity.

In 704 plants enzyme activity and their ncrease was
higher than 301 plants, but in 301 plants APX activity in
roots and shoots at PEG 30% was higher than 704 plants.

The protective enzymes activities 1 roots were lower
than those in shoots, but increase in enzyme activity in
roots were ligher than mn shoots. Because, drought was
higher in the roots than in the shoots.
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Fig. 5: Effects of different PWG 6000 treatments on
catalase (CAT) activity in roots (a) and shoots (b)
of two maize cultivators. Results are shown as
meantstandard error (p<0.05), obtained from
four replicates

DISCUSSION

Numerous investigations have demonstrated that the
cellular injury to plants by abiotic stresses is oxidative
damage (Asada, 1999; Bowler et al., 1992).

Active oxygen was accumulated in plants under
water stress. There 13 a defensive system in plants, that 1s
to say, plants have an iternal protective enzyme-
catalyzed cleanup system, which 1s fine and elaborate
enough to avoid mjures of active oxygen, thus
guaranteeing normal cellular function (Wang et al., 2002).

When the plants suffered from water stress, the
whole defensive system needs to be activated in order to
resist the active oxygen injuy (Ti-da et aof, 2006).
Protective enzymes and antioxidants have important roles
in protection of plants from oxidative damage.

In the present study was aimed to investigate the
responses of Zea mays 1. var. 704 and var. 301 to drought
stress.

Under PEG treatinents, GPX, APX and CAT activities
of 704 plants in roots and shoots were not only higher
than the control, but were also higher than their activities
i 301. Only 301 plants GPX activity in PEG 30% were
higher than 704 plants and highest in 301 plants. We have
a decrease in enzyme activity of 301 plants in PEG 40%.
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There was a linear and significant increase in GPX,
APX and CAT activities m both varieties n response to
increased water stress, only we have a decrease in PEG
40% m 301 plants. Therefore, there were positive and
strong correlation between antioxidant enzymes and
drought stress.

Protective enzyme activities in roots were lower and
also more sensitive than those in shoots. Drought
probably acted directly on roots, whereas leaves could
reduce water transpiraton by curling and stoma
regulation.

In 704 plants MDA production in roots and shoots
increased higher than 301 plants. Lower MDA induction
was observed in 301 var. suggesting a better protection
from oxidative damage as compared with 704 var. The
higher level of protection in 301 var seems to be a result
of the more efficient antioxidative system, while
significant increases n MDA levels m roots and shoots
of 704 var. appeared to be derived from low level of
protection.

The increased electrolyte leakage was positively
correlated with accumulation of MDA, | indicating that the
plasmalemma injury caused by drought stress is resulted
from oxidative damage. In 704 plants, increase in
electrolyte leakage in roots and shoots is higher than
301 plants. Therefore in water stress 704 plants were
damaged higher than 301 plants and this damage in
PEG 40% (-1.76 MPa) 1s lugher than others.

Based on the present results, it appears that plants of
the 301 variety have a better tolerance to water stress as
compared to 704 variety.

CONCLUSIONS

The results clearly suggest that m maize, under
drought stress, i different concentrations of PEG, the
activities of GP2{, APX and CAT in roots and shoots were
mcreased. Membrane lipid peroxidation and electrolyte
leakage increased, too. This increase in 704 plants is
higher than 301 plants.

Direct mjury to cell membrane system maybe
indicating one of the physiological response mechanisms
to drought condition. The change of activities of the
protective enzymes and MDA and electrolyte leakage are
different at different PEG concentrations because of
mntensity of drought stress.

The increase of protective enzymes activities in roots
was higher than shoots in both varieties. Increase of
MDA content and particularly increase of electrolyte
leakage in roots were higher than shoots mn both varieties.
These show that intensity of drought stress in roots was
higher than shoots and the roots were damaged greater
than shoots in both varieties.
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