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Abstract 
 

In this study proline content and activity of catalase (CAT), and ascorbate peroxidase (APX) and level of 
lipid peroxidation in terms of malondialdehyde (MDA) content were measured in transgenic tobacco 
(Nicotiana tabacum cv. Wisconsin), over expressing a Δ-1-pyrroline-5-carboxylate synthase (P5CS) gene, and 
non transgenic plants as control. Drought stress was applied using polyethylene glycol (PEG) 6000 at 
concentrations of 217, 264, 320, 637, 1292 mmol/kg equal to (0, 5, 10, 20, 30% respectively). Proline content, 
especially in transgenic plants, was increased in leaves and roots significantly. CAT and APX activities 
increased under drought stress and the highest activity was observed in 10 and 20% of the PEG treatment. 
MDA content was increased by increasing of PEG and the highest MDA content was revealed in transgenic 
and non transgenic plants at 20% and 30%, respectively. Our results suggest that P5CS is an inducible gene 
and over production of proline and induction of CAT and APX activities are involved in drought tolerance 
mechanism. 
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Introduction ∗ 
 
One of the most important abiotic stress is 

drought, which results in the disruption of water 
potential slopes, loss of turgor and decreasing of 
pressure potential. Abiotic stresses and osmotic 
adjustment contributes to pressure potential 
maintenance and stress tolerance of plants (Cherian 
et al., 2006). In response to water stress, plants 
accumulate osmolytes and protect themselves 
against drought stress. Proline is one of the most 
common compatible osmolytes and plays an 
overriding role in osmotic pressure adjustment 
(Yamch et al., 2005). Proline allows many plant 
species to survive under stress without interfering 
with the normal biochemical reactions (Stewart, 
1981). The most important function of proline is 
turgor maintenance and scavenging the excess 
reactive oxygen species (ROS). It stabilizes protein, 
enzyme and other subcellular structures such as 
membranes. Proline also act as an antioxidant, and 
regulates cellular redox status under stress 
condition (Chinnusamy et al., 2005). The first 
response of plants to drought stress is closure of 
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stomata and a decrease in CO2 concentration in leaf 
mesophyll tissue. Due to decrease in CO2 
concentration, accumulation of NADPH and loss of 
NADP+ occur and oxygen accepts electrons and 
leads to ROS formation (Sairam et al., 1998; Asada, 
1999). ROS results in injury to vital molecules such 
as nucleic acids, proteins, structural carbohydrates, 
and lipids (Mittler, 2002; Daveis, 1987). Lipid 
peroxidation of cellular membranes is the most 
important effect of ROS that finally leads to 
disruption of plant growth and development (Chen 
et al., 2000; Sreenivasulu et al., 1999). 

Plants prevent or alleviate ROS damages by 
antioxidants protection system which provides 
protection against oxidative stress. Antioxidants are 
non enzymatic including glutathione, ascorbate and 
carotenoids, and enzymatic such as catalase (CAT), 
ascorbate peroxidase (APX), superoxide dismutase 
(SOD) and glutathione reductase (GR) (Apel and 
Hirt, 2004; Bhardwaj et al., 2007).  

Ascorbate peroxidases have been found in higher 
plants, algae and some cyanobacteria (Sano et al., 
2001; Sharma and Dubey, 2004). Ascorbate, as an 
electron donor, is utilized in reduction of hydrogen 
peroxide (Shigeoka et al., 2002). CAT and APX 
reduce H2O2 to water and O2 (Gratao et al., 2005). 
Unlike APX, CAT acts without any electron donor 
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or reducing agent (Mallick and Mohn, 2000). 
In some plants such as Vigna aconitifolia and 

Arabidopsis thaliana reduction of glutamate to its 
semialdehyde intermediate is catalyzed by a single 
bifunctional enzyme, Δ-1-pyrroline-5-carboxylate 
synthase (P5CS), whose transcription is induced in 
plants subjected to salt and drought stress (Yoshiba 
et al., 1995). Furthermore, data indicated that, over 
expression of V. aconitifolia P5CS (VaP5CS) in 
transgenic tobacco plants increased proline level 
and rendered plants less sensitive to the osmotic 
stress (Kishor et al., 1995). However, there is a 
controversy discussion in balance activity of P5CS 
and P5CR enzyme (Verbruggen, 1995). It has been 
documented that transgenic plants, over expressing 
the P5CS gene, increases concentration of proline 
and resulted in more resistance to both drought and 
salt stress (Kishore et al., 1995). The objective of 
this work was to understand better the relationship 
between drought tolerance and proline content, the 
CAT and APX activity and lipid peroxidation in 
transgenic tobacco plants over expressing P5CS 
gene. 

      
Materials and Methods 
  
Plant materials and treatment 

Transgenic tobacco plants (Nicotiana tabacum 
cv. Wisconsin) (T1 seeds) carrying P5CS gene 
were surface sterilized in 70% ethanol and then 
grown on MS medium (Murashige and Skoog, 
1962) and kept in the growth chamber (16/8 h light 
and dark respectively, with approximately 40 μm 
photon m-2s-1 light density) at 25°C. After 18-20 
days, seedlings were transferred to MS medium 
supplemented with PEG (217, 264, 320, 637, 1292 
mmol/kg). After 4 weeks proline content, CAT and 
APX activities and lipid peroxidation were 
measured in leaves and roots. 

  
Proline measurement 

Free proline accumulation was estimated using 
ninhydrin reaction based on method described by 
Bates (1973). A small portion (0.04 g) of leaves or 
roots was homogenized with 1.7 ml of 3% (w/v) 
sulphosalicylic acid (Merk). The homogenate was 
centrifuged at 13000 rpm for 20 min. Then 
ninhydrin reagent (1 ml) (Sigma) and glacial acetic 
acid (1 ml) were added to 1 ml of the centrifuged 
extract. The mixture was boiled for 1 h in a water 
bath and then cooled on ice. Then 2 ml toluene was 
added to each tube, and tubes were placed in the 
dark for 1 h. Absorption of chromophore was 
determined at 520 nm by spectrophotometer 
(Shimadzu UV-160, Japan). Toluene was used as 

blank. Proline content was calculated using L-
proline (Sigma) as a standard curve. 

  
Enzyme assays 

For enzyme extraction, fresh samples of leaves 
from control and stressed seedlings (0.1 g) were 
homogenized in an ice bath in 1 mL of phosphate 
buffer saline (PBS, pH:7.4) containing NaCl (8 g/l), 
KCl (0.2 g/l), Na2HPO (41.44 g/l), KH2PO4 (24 g/l) 
and polyvinylpyrrolidone (PVP, 1%). The 
homogenate was centrifuged at 14000 rpm at 4 °C 
for 20 min. The supernatant was collected and used 
for enzyme (CAT and APX) activity analysis. 
 
Catalase (EC 1.11.1.6) 

The CAT activity was determined by measuring 
the decomposition of H2O2. The reaction mixture 
contained 50 mM potassium phosphate buffer (pH 
7.4), 10 mM H2O2, and 0.05 ml of the enzyme 
extract (Aebi, 1984). Then the absorbance at 240 
nm was recorded every 10 sec. up to 1 min. The 
CAT activity was calculated and expressed as U/g 
FW-1 min -1 (One unit of CAT activity is defined as 
the amount of enzyme required to consume 1 
µmole H2O2 min–1). CAT activity was calculated 
using the coefficient of absorbance of 0.0394 mM-1 
cm-1 by spectrophotometer (Shimadzu).  
 
Ascorbate peroxidase (EC 1.11.1.11, APX) 

APX was estimated by slightly modified 
procedure of Nakano and Asada (1981). APX 
activity was determined by measuring the 
consumption of ascorbate. Reaction mixture 
containing 25 mM potassium phosphate buffer (pH 
7.0), 0.5 mM ascorbic acid, 0.2 mM EDTA, 0.1 
mM H2O2, 50 μl of BSA, and 0.05 ml of the 
enzyme extract. The absorbance at 290 nm was 
recorded every 10 sec up to 1 min. One unit of 
APX activity was defined as the amount of enzyme 
required to consume 1 µmole ascorbate min–1. 
Ascorbate peroxidase activity was calculated using 
the coefficient of absorbance of 2.8 mM-1 cm-1. 
 
Lipid peroxidation 

Fresh plant material (0.1 g) was homogenized in 
2.5 ml 0.1% (w/v) trichloroacetic acid (TCA). The 
level of lipid peroxidation was measured using the 
malondialdehyde (MDA), thiobarbituric acid 
(TBA) reaction based on method of Heath and 
Packer (1968). Lipid hydroperoxides resulting from 
peroxidation of the cell membrane react with 
thiobarbituric acid (TBA) to form MDA, which is a 
crystalline pink pigment with absorption from 525 
to 535 nm (Persky et al. 2000). The absorbance of 
extract was measured at 532 and 600 nm. The 
amount of MDA-TBA complex was calculated 
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from the coefficient of absorbance 155 mM-1cm-1. 
  

Statistical analysis 
All experiments were carried out in a completely 

randomized design. The mean values of proline, 
CAT and APX activity and lipid peroxidation level 
were taken from the measurements of four 
replicates and the "Standard Error" of the means 
was calculated. Two-way ANOVA was applied to 
determine the mean between different treatments 
and then Tukey test was performed and significance 
was determined at P < 0.05. All statistical analyses 
were carried out using SPSS Software program 
version 10. 
 

Results 
 
Proline content     

As the PEG concentration increased, proline 
level of shoot in transgenic and non transgenic 
plants, was increased significantly. In transgenic 
plants, either in leaf or root the proline content was 
significantly higher than non transgenic (figures 1A 
and 1B). In both plant types, 20 and 30% PEG 
showed the highest level of proline content. In the 
root, proline content was increased (1.3 and 1.2 
fold) by increasing of PEG particularly in the 
highest level at 20 and 30% PEG compared to non 
transgenic plants. 
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Figure 1. Proline content in shoot (A) and roots (B) of transgenic and non transgenic tobacco seedlings. Values are 
means ± Sd. Uncommon letters are significant based on Tukey test (P < 0.05). 0, 5, 10, 20 30% of PEG are equal to 217, 
264, 320, 637, 1292 mmol/kg respectively. 

A 

B 
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APX activity 
The APX, showed a high significant activity by 

increasing of PEG up to 20% either in transgenic or 
non transgenic plants. Transgenic plants showed 
higher APX activity than non transgenic plants in 
all PEG concentrations. In transgenic plants, both 
plant types, the APX activity decreased at 30% 
PEG. (figure 2). 
 
CAT activity 

Results indicated that the CAT activity was 
increased by increasing of PEG concentration. In 
transgenic plants, CAT activity at 5, 10 and 20% 

PEG while in non transgenic plants at 10 and 20% 
PEG increased significantly however, at 30% the 
activity of CAT decreased compared to the control 
plants (figure 3). 

  
Lipid peroxidation 

Lipid peroxidation data (measured as MDA 
content), showed a significant increase in both plant 
types in 10, 20 and 30% of PEG. MDA was 
increased significantly in comparison to control 
plants. In non transgenic plants at 10 and 20% PEG 
it was significantly higher than transgenic ones 
(figure 4).  

 
 

 
 
Figure 2.  Ascorbat peroxidase (APX) activity of leaves of tobacco seedlings in response to drought stress. Values are 
means ± SE. Uncommon letters are significant based on Tukey test (P < 0.05). 0, 5, 10, 20 30% of PEG are equal to 
217, 264, 320, 637, 1292 mmol/kg respectively. 
 

 
 
Figure 3.  Catalase (CAT) activity of leaves of tobacco seedlings. Values are means ± SE. Uncommon letters are 
significant based on Tukey test (P < 0.05). 0, 5, 10, 20 30% of PEG are equal to 217, 264, 320, 637, 1292 mmol/kg 
respectively. 
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Figure 4.  Effect of PEG on MDA content in transgenic and non transgenic tobacco plants. Values are means ± SE. 
Similar letters indicate not significant based on Tukey test (P < 0.05). 0, 5, 10, 20 30% of PEG are equal to 217, 264, 
320, 637, 1292 mmol/kg respectively. 
 
Discussion 
 
Results of this study showed that proline was 
accumulated in shoot and roots of transgenic and 
non transgenic plants when subjected to drought 
stress. Accumulation of proline in shoots and roots 
of the transgenic plants was much higher than that 
in non transgenic plants. It seems that over 
expression of P5CS gene in transgenic plants, have 
a remarkable role in proline synthesis and 
accumulation. As P5CS gene is a rate-limiting 
enzyme in the proline biosynthetic pathway in 
plants and has an important role in transgenic plants 
over expressing P5CS gene, it is expected to be 
responsible for more proline accumulation in the 
transgenic plants. As proline plays an important 
role in osmotic adjustment as well as membrane 
protection, free radical scavenging, and redox 
buffering (Verbruggen and Hermans, 2008; Kishor 
et al., 2005), high level of proline, accumulation by 
over expression of P5CS, can tolerate plants against 
osmotic stress (Hank and Hwang, 2003). Similar 
data was obtained when our transgenic and non 
transgenic tobacco plants exposed to osmotic 
(PEG) stress. These results are in agreement with 
the report from Kishore et al. (2005). Transgenic 
tobacco in the present study, plants of the over 
expressing P5CS gene, produced a high level of the 
antioxidant enzymes and synthesized more proline 
than the controls.  
Our results showed that drought stress changed 
antioxidant enzymes, activity in leaves of both 

plant types. APX and CAT activities were induced 
in leaves of the transgenic plants compared to the 
control ones. These finding are in accordance to the 
results obtained by Khedr et al. (2003) and 
Ghorbanli et al.  (2004). On the other hand, it has 
been known that abiotic stresses, including drought 
stress, induce ROS accumulation, resulting 
oxidative damage to the membrane lipids, proteins, 
and nucleic acids (Smirnoff, 1993). Plants increase 
activity of detoxifying enzymes such as superoxide 
dismutase, catalase, and ascorbat peroxidase to 
combat oxidative stress. Proline has a role in 
scavenging ROS and protect proteins against 
denaturation (Alia et al., 1991), increasing of CAT 
and APX activities may cooperates with the other 
antioxidant enzymes for giving more tolerance to 
drought stress in our tobacco plants. 
It is well known that ROS induce lipid peroxidation 
of the membranes. The change in MDA content is 
often used as an indicator of oxidative damage 
(Sung, 1996; Goel and Sheoran, 2003). Our data 
showed that MDA content enhanced by increasing 
of drought stress intensity. It has been reported that 
MDA content, as lipid peroxidation criteria, in the 
transgenic plants was lower than non transgenic 
plants (Smirnoff and Cumbes, 1989; Matysik et al., 
2002). It has been shown that proline can reduce 
lipid peroxidation in alga cells, exposed to heavy 
metals (Mehta and Gaur, 1999). Therefore it can be 
speculating that similar role might be responssible 
for proline accumulation due to P5CS over 
expression in tobacco plants too. The lower level of 
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lipid peroxidation in leaves of the transgenic plants 
suggests that, these plants are better protected from 
the oxidative damage under drought stress than non 
transgenic ones. It can be concluded that over 
expression of the P5CS gene in tobacco plants and 
consequent proline accumulation along with 
alleviation of with CAT and APX activities 
increase drought tolerance in tobacco plants. 
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