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Abstract 
 
The effects of drought on growth, protein content, lipid peroxidation, superoxide dismutase (SOD), peroxidase (POX), 
catalase (CAT) and polyphenol oxidase (PPO) were studied in leaves and roots of Sesamum indicum L. cvs. Darab 14 
and Yekta. Four weeks after sowing, plants were grown under soil moisture corresponding to 100, 75, 50 and 25 % field 
capacity for next four weeks. Fresh and dry masses, and total protein content in leaves and roots decreased obviously 
under drought. However, several new proteins appeared and content of some proteins was affected. Measurement of 
malondialdehyde content in leaves and roots showed that lipid peroxidation was lower in Yekta than in Darab 14. 
Severe stress increased SOD, POX, CAT and PPO activities in leaves and roots, especially in Yekta. According to the 
present study Yekta is more resistant to drought than Darab 14.  
Additional key words: catalase, malondialdehyde, peroxidase, polyphenol oxidase, Sesamum indicum, superoxide dismutase. 
 
 
Introduction 
 
Water stress, induces numerous biochemical and 
physiological responses in plants (e.g. Pattangual and 
Madore 1999).  
 A common effect of drought stress, similarly as of 
other environmental stresses, is to cause oxidative 
damage (Smirnoff 1998). Generation of reactive oxygen 
species (ROS) lead to lipid peroxidation (Chen et al. 
2000, Sreenivasulu et al. 1999) protein degradation (Jiang 
and Zhang 2001) and nucleic acid damages (Hagar et al. 
1996). To prevent or alleviate injuries from ROS, plants 
have evolved an antioxidant defence system that includes 
non-enzymic compounds like ascorbate, gluthatione, 
tocopherol, carotenoids, flavonoids and enzymes such as 
superoxide dismutase (SOD), catalase (CAT), peroxidase 

(POX), ascorbate peroxidase (APX), gluthatione 
reductase (GR) and polyphenol oxidase (PPO) (Agarwal 
and Pandey 2004, Núñez et al. 2003/4, Sergi and Alegre 
2003). Co-operation among these enzymes is essential for 
the effective protection from ROS (Scebba et al. 1998). 

Sesame is considered a drought-resistant crop (Weiss 
2000), and its cultivation is extended beyond the tropic 
and subtropic zones to the temperate and sub-temperate 
zones of the world (Ali et al. 2000).  

The objective of this work was to investigate the 
effect of drought stress on biomass, protein content, lipid 
peroxidation and activities of antioxidant enzymes in 
leaves and roots of two sesame cultivars.  

 
 

Materials and methods 
 
Seeds of two sesame (Sesamum indicum L.) cultivars 
(Darab 14 and Yekta) were sown in plastic pots filled 
with 3 kg of sandy-loam soil maintained to field capacity 

(FC). Pots of each cultivar were devided into four groups 
(four replicates each) and then were watered for four 
weeks to 100, 75, 50 and 25 % FC. The water supplies  
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were maintained by weighing the pots. Plant growth was 
carried out, in a controlled condition: 16-h photoperiod, 
irradiance of 250 μmol m-2 s-1, 32/22 °C day/night 
temperature, 40 - 45 % air humidity. 

Root and third leaves of each plant were sampled and 
assayed in the experiments. Dry mass of leaves and roots 
was determined after drying the samples at 60 °C for 48 h 
to constant mass. 

Malondialdehyde (MDA) was determined according 
to Heath and Packer (1968). Fresh plant material (0.2 g) 
was homogenized with 5 cm3 0.1 % (m/v) trichloroacetic 
acid (TCA). The homogenate was centrifuged at 10 000 g 
for 5 min at 25 °C. 4 cm3 of TCA 20 % containing 0.5 % 
(m/v) thiobarbituric acid (TBA) was added to 1 cm3 of 
supernatant. The mixture was heated at 95 °C for 30 min 
and then quickly cooled on ice. The content was centri-
fuged at 10 000 g for 10 min at 25 °C. The absorbance of 
supernatant was measured at 532 nm. The value for non-
specific absorption at 600 nm was subtraced. The amount 
of MDA-TBA complex was calculated from the 
coefficient of absorbance 155 mM-1cm-1.  

For determination of total protein content and enzyme 
activity, 1 g of plant material was homogenized in 5 cm3 

of 1 M Tris-HCl buffer (pH 6.8). The homogenate was 
centrifuged in a refrigerated centrifuge at 13 000 g for 
20 min, and the supernatant obtained was used for protein 
determination and enzyme assay. All the steps were 
carried out at 4 °C. Protein content of the extracts was 
determined according to the method of Bradford (1976), 
using bovine serum albumin as the standard. 

Total superoxide dismutase (SOD; EC 1.15.1.1) 
activity was determined by measuring its ability to inhibit 
the photochemical reduction of nitroblue tetrazolium 
(NBT) as described by Beauchamp and Fridovich (1971). 
The reaction mixture consisted of 0.1 cm3 enzyme 
extract, 50 mM potassium phosphate buffer (pH 7.8), 
13 mM methionine, 75 μM NBT, 0.1 mM EDTA, and 
2 μM riboflavin. Test tubes were shaken and placed  
30 cm from three 30 W fluorescent lamps. The reduction 
in NBT was measured by reading absorbance at 560 nm. 
Blanks and controls were run in the same manner but 
without illumination and enzyme, respectively. One unit 
of SOD was defined as the amount of enzyme that 
produced a 50 % inhibition of NBT reduction under the 
assay conditions (Giannopolitis and Ries 1977). 

Peroxidase (POX; EC 1.11.1.7) activity was assayed 
as described by Abeles and Biles (1991). The reaction 
mixture consisted of 4 cm3 of 0.2 M acetate buffer 
(pH 4.8), 0.4 cm3 H2O2 (3 %), 0.2 cm3 of 20 mM 
benzidine and 0.05 cm3 enzyme extract. The rate of 
benzidine oxidation was measured at 530 nm. 

Catalase (CAT; EC 1.11.1.6) activity was estimated 
by the decrease in absorbance of H2O2 at 240 nm as a 
consequence of H2O2 consumption (Aebi 1974). The 
reaction solution contained 2.5 cm3 of 50 mM potassium 
phosphate buffer (pH 7.0), 0.3 cm3 H2O2 (3 %), and 
0.05 cm3

 enzyme extract. 
Polyphenol oxidase (PPO; EC 1.10.3.1) activity was 

determined according to the method of Raymond et al. 
(1993). The reaction mixture containing 2.5 cm3 of 
200 mM sodium phosphate buffer (pH 6.8), 0.2 cm3 of 
20 mM pyrogallol and 0.05 cm3 enzyme extract. The 
temperature of the reaction mixture was 40 °C. 

Discontinuous sodium dodecyl-sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) was performed 
according to Laemmli (1970) with 12 % acrylamide gels 
and 50 μg of protein per lane was loaded. For detection of 
proteins, gel was stained with 0.03 % Coomassie Brilliant 
Blue G250.  

Native gel electrophoresis (non-denaturing conditions) 
for isoenzyme assay was carried out according to modified 
method of Davis (1964) with a 10 % acrylamide gel at 
4 °C and 100 μg of protein per lane was loaded. A 
vertical electrophoresis apparatus (model LKB, Bromma, 
Stockholm, Sweden) was used. The electrophoresis run 
was carried out with 120 mV (30 mA) per plate towards 
the cathode.  

To determine SOD isoforms pattern, gels were 
incubated for 30 - 45 min at room temperature in the 
dark, in 0.2 M Tris-HCl buffer (pH 8) containing 4 mg 
riboflavin, 2 mg Na-EDTA and 20 mg NBT. Then, the 
bands were apparent in 5 min at light (Wendel and 
Weeden 1989). Electrophoresis patterns of POX and PPO 
were obtained by detecting the isozymic bands as 
described by Van Loon (1971). Isoforms of POX were 
visualized by staining the gel in 0.2 M acetate buffer 
(pH 4.8) containing 3 % H2O2 and 0.04 M benzidine in 
50 % methanol in the dark at room temperature till the 
brown colour appeared. Isoforms of PPO were apparent 
after immersing the gel in 0.2 M phosphate buffer 
(pH 6.8) containing 0.5 % 3,4-dihydroxyphenylalanine 
(L-Dopa) and 73.5 % CaCl2 . 2 H2O in the dark at room 
temperature on the shaker till the detection of enzymatic 
bands. 

The experiments were carried out in randomized 
complete block design, with two cultivars, control and 
three levels of drought treatments per each cultivar, and 
four replicates. Analysis of variance (ANOVA) and the 
Duncan’s multiple range test (DMRT) at P ≤ 0.05 with 
MSTATC software were performed in order to determine 
the significance of the variations on the groups under 
different treatments. 

 
 
Results 
 
Fresh mass at 50 and 25 % FC, and dry mass at 25 % FC 
decreased significantly in leaves of Darab 14 compared to 
the control. Fresh and dry mass in leaves of Yekta 

decreased significantly at 50 and 25 % FC (Table 1). 
Protein content decreased significantly in the leaves of 
two sesame cultivars under all stress treatments (Table 1).  
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Table 1. Fresh and dry masses, contents of protein and MDA, and activities of SOD, POX, CAT and PPO in leaves of two sesame 
(Sesamum indicum L.) cultivars under drought stress. Values are mean ± SE of four replications. The means with the same letters do 
not differ statistically by Duncan’s multiple range test (P ≤ 0.05). 
 

Parameters Cultivars 100 % FC 75 % FC 50 % FC 25 % FC 

Fresh mass Darab 14 235.15 ± 12.60b 222.60 ± 28.40b 152.50 ± 14.93c 109.80 ±   7.20c 
[mg] Yekta 363.75 ± 30.17a 340.58 ± 34.91a 154.93 ± 14.98c 117.50 ± 14.93c 
Dry mass  Darab 14   29.88 ±   2.11ab   28.65 ±   4.88abc   21.27 ±   3.74bcd   15.93 ±   1.32d 
[mg] Yekta   35.58 ±   6.71a   34.35 ±   4.25a   17.75 ±   1.60cd   15.50 ±   3.14d 
Protein Darab 14     7.94 ±   0.025c     7.57 ±   0.128d     6.92 ±   0.158e     6.03 ±   0.065f 
[mg g-1(f.m.)] Yekta     9.18 ±   0.144a     8.31 ±   0.074b     7.89 ±   0.057c     7.55 ±   0.107d 
MDA Darab 14     4.46 ±   0.065de     4.62 ±   0.032d     7.04 ±   0.113b     8.23 ±   0.032a 
[nmol g-1(f.m.)] Yekta     3.13 ±   0.381g     3.84 ±   0.063f     4.07 ±   0.038ef     6.00 ±   0.035c 
SOD Darab 14   11.45 ±   0.298g   10.97 ±   0.200g   16.28 ±   0.429e   17.30 ±   0.256d 
[ΔA560 g-1(f.m.) min-1] Yekta   14.83 ±   0.305f   18.34 ±   0.221c   21.30 ±   0.401b   25.42 ±   0.510a 
POX Darab 14     7.16 ±   0.137f   10.09 ±   0.086e   12.01 ±   0.126d   11.64 ±   0.071d 
[ΔA530 g-1(f.m.) min-1] Yekta   12.84 ±   0.163c   11.77 ±   0.071d   19.92 ±   0.405b   21.41 ±   0.488a 
CAT Darab 14     4.34 ±   0.089e     4.56 ±   0.110e     5.90 ±   0.072cd     5.66 ±   0.092d 
[ΔA240 g-1(f.m.) min-1] Yekta     6.02 ±   0.058c     6.13 ±   0.079c     7.64 ±   0.114b     8.33 ±   0.060a 
PPO Darab 14     6.30 ±   0.067d     6.16 ±   0.119d   10.38 ±   0.087b   10.39 ±   0.075b 
[ΔA430 g-1(f.m.) min-1] Yekta     9.48 ±   0.271c   10.01 ±   0.156b   14.94 ±   0.139a   15.38 ±   0.162a 

 
 

Fig. 1. SDS-PAGE pattern of proteins in leaves (A) and roots 
(B) of two sesames at different levels of drought: Darab 14
under 100, 75, 50 and 25 % FC (1 to 4), Yekta at 100, 75, 50
and 25 % FC (5 to 8) and molecular mass marker (Mr). Arrows
indicate the affected proteins. 
 
According to SDS-PAGE analysis (Fig. 1A) protein 
patterns of leaves in two cultivars were similar. The 
strongest protein band with the molecular mass between 
45 - 66 kDa was observed in all treatments. Also, a 

protein band with a molecular mass higher than 14.2 kDa 
and a protein band with a molecular mass ranging from 
24 to 29 kDa arranged at the second and third degrees of 
intensity, respectively. Two new protein bands with the 
molecular mass higher than 66 kDa were detected at 
25 % FC in Darab 14 and from 100 to 25 % FC in Yekta. 
Of two bands, upper band was not detected under 25 % 
FC in Yekta. Another protein band (Mr 66 kDa) appeared 
under 25 % FC in Darab 14 and 100 % FC in Yekta. 
Further, a strong band between 20 - 24 kDa was observed 
under 25 % FC in both cultivars (Fig. 1A).  

MDA content in leaves of Darab 14 increased 
significantly under 50 and 25 % FC. The values in Yekta 
increased significantly under all of the treatments 
compared to the control (Table 1). Overall, under all 
treatments, MDA content in Darab 14 was higher than in 
Yekta.   

SOD activity of leaves significantly increased at 50 to 
25 % FC in Darab 14 and from 75 to 25 % FC in Yekta. 
POX activity in leaves of Darab 14 increased 
significantly at 75 and 50 % FC and from 50 to 25 % FC 
in Yekta. Changes in CAT and PPO activities in leaves of 
Darab 14 at 50 and 25 % FC compared to control were 
obvious. CAT activity in leaves of Yekta under 50 and 
25 % FC increased significantly compared to control. 
PPO activity increased significantly in leaves of Yekta at 
all drought treatments. Overall, CAT and PPO activities 
in leaves of Yekta increased with increasing drought 
treatment. On the other hand, the activities of leaf SOD, 
POX, CAT, and PPO in Yekta were greater than that of 
Darab 14 (Table 1).  

According to PAGE analysis of SOD in leaves 
(Fig. 2A) drought induced similar bands under 50 and 
25 % FC in Darab 14. Under 75 % FC in Darab 14 the 
bands were weaker than that of other treatments. In Yekta 
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under all treatments the bands were stronger than that of 
control. POX in leaves (Fig. 2B), had the similar bands in 
both cultivars. Also, drought induced much stronger 
bands intensity and additional specific weak bands at 50 
and 25 % FC in Darab 14, and also in all of the 
treatments in Yekta. Drought induced similar PPO bands  
 

in both sesame cultivars. In all the cases, drought 
increased the intensity of bands. Whereas, under 75 % FC 
in Darab 14 the bands were weaker than the others  
(Fig. 2C). 

Fresh and dry mass decreased in roots of both 
cultivars at all levels of stress. Fresh mass in Darab 14  
 

Table 2. Fresh and dry masses, contents of proteins and MDA, activities of SOD, POX, CAT and PPO in roots of two sesame 
(Sesamum indicum L.) cultivars under drought stress. Values are means ± SE of four replications. The means with the same letters do 
not differ statistically by Duncan’s multiple range test (P ≤ 0.05). 
 

Parameters Cultivars 100 % FC 75 % FC 50 % FC 25 % FC 

Fresh mass Darab 14 149.40 ± 10.27b 137.75 ± 13.12bc 107.95 ± 12.81bc   94.20 ±   7.88c 
[mg] Yekta 233.23 ± 13.94a 202.88 ± 22.45a 147.10 ± 19.82b 128.93 ± 15.21bc   
Dry mass  Darab 14   31.70 ±   3.13abc   29.48 ±   3.22abc   23.57 ±   2.50bcd   22.25 ±   1.04cd 
[mg] Yekta   35.42 ±   2.04a   32.25 ±   3.17ab   23.88 ±   3.33bcd   21.50 ±   3.29d 
Protein Darab 14     4.14 ±   0.318bc     3.76 ±   0.134cd     3.45 ±   0.042d     2.47 ±   0.118e 
[mg g-1(f.m.)] Yekta     4.91 ±   0.118a     4.43 ±   0.195b     3.92 ±   0.135cd     3.68 ±   0.136cd 
MDA Darab 14     3.95 ±   0.069c     4.21 ±   0.132c     4.69 ±   0.181b     5.05 ±   0.181a 
[nmol g-1(f.m.)] Yekta     2.14 ±   0.090e     2.76 ±   0.059d     2.94 ±   0.038d     4.10 ±   0.124c 
SOD Darab 14     7.85 ±   0.166d     8.62 ±   0.213c     8.97 ±   0.173c     9.15 ±   0.175c 
[ΔA560 g-1(f.m.) min-1] Yekta     7.22 ±   0.159e   12.91 ±   0.303b   13.16 ±   0.299b   14.52 ±   0.276a 
POX Darab 14     5.25 ±   0.034d     5.56 ±   0.083c     5.69 ±   0.048c     5.77 ±   0.048c 
[ΔA530 g-1(f.m.) min-1] Yekta     5.00 ±   0.090d   10.85 ±   0.068b   10.96 ±   0.084ab   11.19 ±   0.173a 
CAT Darab 14     1.25 ±   0.090b     1.27 ±   0.38ab     1.31 ±   0.034b     0.99 ±   0.027c   
[ΔA240 g-1(f.m.) min-1] Yekta     1.37 ±   0.039b     1.82 ±   0.038a     1.68 ±   0.038a     1.70 ±   0.032a 
PPO Darab 14     2.14 ±   0.048d     2.33 ±   0.039c     2.43 ±   0.060c     2.45 ±   0.047c 
[ΔA430 g-1(f.m.) min-1] Yekta     1.92 ±   0.037e     4.72 ±   0.052b     4.81 ±   0.057b     4.96 ±   0.059a 

 

 
Fig. 2. Activity staining for SOD (A), POX (B) and PPO (C) in 
leaves of two sesame cultivars at different levels of drought:
Darab 14 subjected to 100, 75, 50 and 25 % FC (1 to 4),
Yekta subjected to 100, 75, 50, and 25 % FC (5 to 8). 

 
under 25 % FC and dry mass in Yekta under 50 to 25 % 
FC decreased significantly (Table 2). The protein content  

 

 
Fig. 3. Activity staining for SOD (A), POX (B) and PPO (C) in 
roots of two sesame cultivars at different levels of drought: 
Darab 14 subjected to 100, 75, 50 and 25 % FC (1 to 4), Yekta 
subjected to 100, 75, 50 and 25 % FC (5 to 8). 
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of roots decreased significantly under 50 and 25 % FC in 
the case of Darab 14 and in the case of Yekta, when the 
plants were grown from 75 to 25 % FC (Table 2). 

According to SDS-PAGE analysis (Fig. 1B) protein 
banding of the two cultivars in roots was same. However, 
under 50 and 25 % FC in Darab 14 and under all of 
treatments in Yekta a protein band with molecular mass 
of 29 kDa appeared.  

Drought increased MDA content in roots of both 
cultivars (Table 2). Lipid peroxidation increased signifi-
cantly at 50 and 25 % FC in Darab 14 and at all 
treatments in Yekta. MDA content in roots of Darab 14 
was greater than that of Yekta at the same treatments. 

SOD and POX activities in roots of both cultivars 

increased significantly under stress. CAT activity in roots 
of Darab 14 increased from 100 to 50 % FC. CAT 
activity in Yekta increased significantly. PPO activity 
enhanced obviously in roots of both cultivars (Table 2). 

According to PAGE analysis of SOD in roots, similar 
bands appeared in both cultivars. But, the bands under  
25 % FC were stronger than that of other treatments in 
both cultivars. POX in roots of Darab 14 had the similar 
bands at all levels. Drought induced similar POX bands 
in roots of Yekta from 75 to 25 % FC. PPO enzymic 
pattern exhibited similar bands in all levels of drought in 
Darab 14. In Yekta the bands at 75 to 25 % FC were 
similar. 

 
 
Discussion 
 
It has been reported that the restriction of water supply 
from the soil in relation to genotype reduced plant 
biomass (Ogbonnaya et al. 2003). Our results showed 
that drought decreased fresh and dry mass in leaves and 
roots of Darab 14 more than that of Yekta. 

Reduction of protein content in both of cultivars in 
leaves and roots suggests that water stress may cause 
generation of ROS. ROS brings about inhibition of 
protein synthesis or causes protein denaturation (Schwanz 
et al. 1996, Sgherri and Navari-Izzo 1995) which may be 
related to a decrease in the number of polysomes 
(Creelman et al. 1990). However, protein content in 
leaves and roots of Yekta was higher than that of 
Darab 14. Changes in proteins can results from a variety 
of environmental stresses such as water stress 
(Yordanova et al. 2004). According to SDS-PAGE of 
protein in leaves the appearance of new and colorful 
protein bands under some of the stress levels suggests 
that these proteins may be the cause of resistance to 
drought in sesame. SDS-PAGE of root proteins did not 
show any important differences among the treatments. 

ROS are responsible for stress-dependent peroxi-
dation of membrane lipids (Ratnayaka et al. 2003, 
Upadhyaya and Panda 2004). Lipid peroxidation is often 
used as an indicator of increased oxidative damage 
(Jagtap and Bhargava 1995). The lower level of lipid 
peroxidation in leaves and roots of Yekta suggests that, 
this cultivar are better protected from oxidative damage 
under drought stress than Darab 14. This result is in 
agreement with the results of Shalata and Tal (1998) on 
tomatoes under salt stress and Sairam et al. (2005) on salt 
tolerant genotype of wheat under drought resistance. 

Increased SOD, POX and CAT activities in response 
to water stress have been reported (Srivalli et al. 2003, 
Kukreja et al. 2005). Our results showed that drought 
caused changes in antioxidant enzymes activity in leaves 
and roots of both cultivars. These results are similar in 
part to results obtained by Ghorbanli et al. (2004). 
Overall, the higher SOD, POX, CAT and PPO activities 
in leaves and roots of Yekta than in Darab 14 may 
suggest the higher efficiency of Yekta under drought. 
Shalata and Tal (1998) reported that in salt-tolerant 
tomato SOD and CAT were effective antioxidant 
enzymes. Also, Sreenivasulu et al. (1999) reported that in 
salt tolerant Setaria italica, POX activity was found to be 
higher to protect plants against the stress. According to 
PAGE analysis of leaves and roots, similarities and 
differences in antioxidant enzymes pattern were observed 
in both cultivars under drought. Moreovere, drought often 
induced stronger bands in Yekta than in Darab 14. This 
observation is similar in part to results obtained by 
Scebba et al. (1998) and Srivalli et al. (2003). 

In conclusion, exposure of sesame cultivars to 
drought resulted in decreases in fresh mass, dry mass and 
protein content, increases in lipid peroxidation and 
changes in the SOD, POX, CAT and PPO activities of 
leaves and roots. Moreover, drought induced new protein 
bands in leaves and almost similar SOD, POX and PPO 
bands in leaves and roots of both sesame cultivars. 
However, in view of considerable variations in the 
protective mechanisms against ROS in different plant 
cultivars, further work is required to establish the general 
validity of this phenomenon in drought resistance.   
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