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ABSTRACT 
 
 The effect of increasing NaCl concentration on soluble protein content, electrophoretic profile of total 
protein and enzyme activity along leaves with different ages in Aeluropus littoralis was investigated. We 
compared protein content of selected leaves in all treatments. Analysis revealed that salinity induced changes in 
protein pattern in leaf 7 and 10 in comparison with leaf 4. Salinity caused proteins induction in leaf 4 unlike two 
others. Salt also decreased total soluble protein in leaf 10 which treated by 400 mM of NaCl.  Activity of 
Peroxidase (POD), Phenylalanine ammonia-lyase (PAL) and Polyphenol oxidase (PPO) increased gradually up 
to NaCl concentrations of 400 mM. The highest enzyme activity was observed when plants were treated with 
400 mM of NaCl. Increased PAL and POD activities in leaf 10 were positively correlated with increasing NaCl 
concentrations. Polyphenol oxidase showed differential activities in response to salt and types of leaves. A 
significant increase was detected in leaves 4, 7 and 10 under salt. Leaf 4 at 400 mM of NaCl had the greatest 
activity among the three leaves. These results suggested a correlation between the activation of above enzymes, 
protein changes and leaf age during salt treatments.  
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Introduction 
 
 Salinity as a major abiotic stress adversely 
affects crop productivity and quality [29]. Salinity 
induce oxidative stress by producing reactive oxygen 
species (ROS) [30,7]. ROS-scavenging mechanisms 
have been shown to have an important role in 
protecting plants against osmotic stress [12]. As salt 
tolerance in higher plants appears to be regulated by 
a number of different physiological and biochemical 
processes, it is therefore essential to study and 
identify mechanisms involved in plant resistance 
against salinity and nutrient deficiency [25].  
   Antioxidant capacities can induce protection in 
plant cell against the cytotoxic effects of ROS. It was 
suggested that plants with a  high antioxidant activity 

under stress have a greater resistance in preventing 
oxidative injuries [19].  
 Peroxidases (POD, EC 1.11.1.7) are heme-
containing glycoproteins designated as class III 
peroxidases and belong to a ubiquitous class of 
enzymes that oxidize a wide range of organic and 
inorganic reducing compounds in the presence of 
hydrogen peroxide. An increase in peroxidase 
activity is a common response to oxidative and 
abiotic stresses [6]. Phenylalanine ammonia-lyase 
(PAL; EC 4.3.1.5) catalyzes the conversion of L-
phenylalanine to trans-cinnamic acid. PAL is one of 
the best studied enzymes in higher plants. PAL 
activity with respect to developmental stages and 
exposure to environmental stresses is regulated at the 
transcriptional level [8].  
 Polyphenol oxidases (PPO; EC 1.14.18.1) are 
involved in the oxidation of polyphenols into 
quinones. PPO has been implicated in the 
developmental stages of various plant organs. PPO 
activity increases during senescence [5].  
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 Study of protein changes to underestand stress 
effects with respect to differential expression of 
genes during stress condition can be efficient to 
identify adaptation response towards stresses [10]. 
Salinity can cause changes in protein pattern. This 
have been reported in some plant species [13,31]. 
 Aeluropus littoralis (Gouan) Parl is a C4 
perennial halophyte growing on heavy saline 
marshes and arid inland soil that can tolerate salt 
(NaCl) up to 600 mM [28]. However, little has been 
known about the changes in POD, PPO, and PAL 
activities and protein profile as related to growth 
response and the exposure period to salt. Knowledge 
on the antioxidant capacity and protein identification 
of Aeluropus littoralis under salt stress has been 
aimed to explore the biochemical and physiological 
responses during development of the plant in the 
hope for alleviating the cytotoxic effects of salt. 
Therefore, the objective of this study is to monitor 
how antioxidant enzymes and proteins respond to 
increased salt stress during the developmental stages 
in different leaves of Aeluropus littoralis.  
 
Material and Methods 
 
2.1 Plant growth and treatments: 
 
 Seeds of A. littoralis were surface sterilized for 
20 min in 1% (v/v) sodium hypochlorite, and washed 
for several times with distilled water. Sterilized seeds 
were planted in plastic pots in acid-washed sand and 
grown in a growth chamber (60%-70% relative 
humidity, 14h photoperiod at 800-1000 μmol 
photons m-2 s-1 of photosynthetically active 
radiation). The pots were irrigated daily with 
Hoagland basal-medium. After 45 days, they were 
treated with complete Hoagland medium containing 
three different concentrations (0, 200 and 400 mM) 
of NaCl for 14 days. On the 14th day, plants were 
harvested and washed with distilled water. Selected 
leaf 4, leaf 7 and leaf 10 were frozen in liquid 
nitrogen and stored at -80ºC. 
 
2.2 Protein Measurement: 
 
 For protein extraction, the method of Laemmli 
(1970) was used. After powdering 1g fresh material 
in liquid nitrogen, 1 ml extraction buffer (100m M 
Tris-HCl (pH 8), 10 mM DTT, 50 mM EDTA, 5.5 
mM MgCl2, 20 mM KCl, 0.1 % (V/V) Triton X-100 
and 10% (W/W) PVP plus 1 mM PMSF) were added 
and centrifuged at 14000 ×g at 4 °C for 30 min. Total 
protein content was determined using BSA as a 
standard. The concentration of protein was measured 
by the Bradford method (1976). Absorbance was 
read at 529 nm using a UV-visible recording 
spectrophotometer (WPA, BioWave). 
 
 
 

SDS PAGE: 
 
 Proteins separated on polyacrylamide gel (12% 
resolving gel) in the presence of SDS-PAGE 
following the method of Laemmli [15] and stained 
with caomassie Brilliant BlueR-250. Molecular 
weight of bands was identified based on Ladder 
SMO433 (Fermentase). 
 
2.3 Peroxidase assay: 
 
 Leaves were homogenized in 50 mM Tris-
maleate buffer (pH 6) and centrifuged at 12000 ×g 
for 20 min. The supernatant was used to measure the 
activity of soluble peroxidase. A 1 ml reaction 
mixture consisted of 28 mM guiacol buffer, 5 mM 
H2O2 buffer, 20 mM Tris-maleate buffer and the 
enzyme extract. Activity of soluble peroxidase was 
calculated  by reading the absorbance at 470 nm in 1 
min using the extinction coefficient of 26.6 mM -1 
Cm-1 [16]. 
 
2.4 Phenylalanine ammonia- lyase (PAL) assay: 
 
 PAL was extracted from 300 mg freshly 
powdered leaf tissue in Tris-HCL buffer (pH 8.8) 
with 15 mM mercaptoethanol. PAL activity was 
assayed using a modified version of D’Cunha et al. 
[3]. The reaction mixture contained 50 mM Tris-HCl 
buffer (pH 8.5), 10 mM L-phenylalanine, and 100 µl 
of the enzyme extract. The reaction mixture was 
incubated at 30 ºC for 15 min, and the reaction was 
terminated by adding 6 N HCl. The mixture was then 
extracted three times with ethyl acetate. Ethyl acetate 
extract was air dried, redissolved in 3 ml of 0.05 mM 
NaOH, and subjected to OD reading at 290 nm. 
Enzyme activity was expressed as µmol cinnamic 
acid g-1 FW-1.     
 
2.5 Polyphenol oxidase assay: 
 
 Polyphenol oxidase was extracted from 
homogenized leaves in freshly prepared 100 mM Na-
Phosphate buffer (pH 6.8) followed by centrifugation 
at 15,000 ×g for 20 min [1]. Aliquots of supernatant 
were added to 60 mM Na-Phosphate buffer (pH 6.5). 
Each sample was aerated for 2 min in a small test 
tube followed by the addition of freshly prepared 
Catechol (Sigma) as substrate at a final concentration 
of 0.02 M. Enzyme activity was expressed as the 
increase in the absorbance at 410 nm per min per mg 
protein content of the homogenate.  
 
2.6 Statistical analysis: 
 
 All experiments were performed thrice with 
three replicates. SPSS version 19 was used for 
ANOVA, and comparisons were made by Duncan 
method. 
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Results and Discussion 
 
 Protein changes determined in Aeluropus 
littoralis leaves under 0, 200, and 400mM of NaCl. 
Variance analysis showed that total soluble protein 
was significantly affected only in leaf 10 by salt (See 
Table).  Increasing soil salinity led to a significant 
decrease in leaf 10 toward leaf 7 at 200 mM and 400 

mM.  According to this study, a reduction in soluble 
protein content can be an outcome of protein 
degradation or reduction in protein synthesis. It has 
been demonstrated that oxidative changes are closely 
related to proteolysis. Proteolysis with specific 
proteases is associated with an increase in the 
oxidative reaction that is activate by stresses and 
ageing [23,27].  

 
Table 1: Effect of different NaCl concentrations on protein content of A. littoralis leaves. Values represent mean ± S.E.  

[NaCl] (mM) Total protein content mg / g FW 
0 40.7±0.017 46.6±1.72 40.1±1.87 

200 43.1±2.3 41.6±1.56 42.6±1.67 
400 40.6±1.72 36±1.84 32.9±1.9 

 

 
(A) 

 
(B) 

 

 
(C) 

 
Fig. 1: Effect of NaCl stress on antioxidant enzyme activity in three different leaves of Aeluropus littoralis. A: 

Peroxidase (POD) activity. B: Phenylalanine ammonia-lyase and (PAL) C: Polyphenol Oxidase (PPO). 
The values and standard errors (vertical bars) of three replicates are shown. 
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 Electrophoretic profile of proteins was also 
determined qualitative and quantitative differences 
under control and salt treatment for three leaves (Fig 
2). NaCl stress caused both induction and 
disappearance of protein bands in all leaves. 
Polypeptide detected in leaves categorized into four 
groups based on molecular weight; 65- 176 KD, 35- 
45KD, 18- 35KD and   14KD. The high molecular 
weight was most intensive in leaf 7 under both 
control and salt treatment followed by decreasing 
intensity by salt treatment. An additional novel 
protein was induced by 200 mM of NaCl in range of 
45 KD- 65 KD in leaf 7. Role of stress induced 
proteins is not yet clearly understood. However, it 
was suggested that these proteins cause biochemical 
and structural modifications to adapt with the stress 
conditions [24]. Group 2 were detected in three 
leaves with most intensity of polypeptide with 35 KD 
of molecular weight under all treatments, but was 
week in leaf 4. The most significant changes in range 

of 18KD- 35KD were yield in leaf 10 in untreated 
plants. The intensity of bands was increased in leaf 7 
under 400 mM and leaf 10 in control condition. 
There were disappearance of some protein bands in 
leaf 7 and leaf 10 at both 200mM and 400mM. This 
issue may be due to a programmed genetic 
machinery as the turning off protein synthesis or 
protein hydrolysis process in response to salt [20]. 
Significant changes in intensity of bands were 
observed in leaf 4 having molecular weight ranging 
from 18KD- 35KD and 14 KD. The most of proteins 
were found to express at lower level in leaf 4 in 
comparison with others at all treatments and belong 
to light weight proteins. NaCl had a significant 
increase on bands appearance in leaf 4 unlike two 
other leaves. It appears that interaction of age and 
salt stress caused changes on protein in all leaves. 
Leaf 7 showed better protection towards 400 mM of 
NaCl among other leaves.  

 
11

14 KD

18 KD

Leaf 4 Leaf 7 Leaf 10

0 200 400NaCl
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35 KD

45 KD

65 KD

176 KD0 200 400
0 200 400

 
 
Fig. 2: Protein expression under 0, 200mM and 400 mM of NaCl in Aeluropus littoralis. 
 
 Along protein evaluation, three different 
antioxidant enzymes were measured in above leaves 
under control and salt treatment.  
 POD activity is considered as a general response 
to oxidative stress such as salinity stress in the 
examined plant species [11]. POXs are involved in 
hydrogen peroxide (H2O2) scavenging, so their 
activity could decrease the oxidative stress caused by 
NaCl treatment. Peroxidase activity measured by 
guaiacol as substrate is shown in Figure 1A. The 
level of peroxidase activity was positively correlated 
with the increase in salt concentration in all leaves. 
The highest activity was observed at the highest salt 
concentration. A salt concentration of 400 mM 
resulted in a significant increase (p ≤ 0.001) in 
enzyme activity in all examined leaves.  

 Comparison of leaves at 400 mM indicated a 
significant difference. Moreover, peroxidase activity 
in non-stressed plants was higher in older leaves. 
This result suggested that peroxidase activity appears 
to be related to the length of exposure to salt.     
 Developmental and environmental signals such 
as abiotic stresses have been shown to be associated 
with the regulation of multiple isoforms of 
peroxidase in higher plants [21].  
 PAL, a key enzyme in the phenylpropanoid 
pathway, is associated with plant resistance against 
stress. Thus, PAL has been generally considered as a 
marker for environmental stress in different plant 
species [18]. Effects of NaCl on PAL activity in 
Aeluropus leaves are shown in Figure 1B. These 
results showed that PAL activity increased 
remarkably under salt stress. Maximum PAL activity 
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was observed when plants were treated with 400 mM 
of NaCl in leaf 4 and leaf 10 (p≤0.001). Comparisons 
between leaves at each stress level revealed a 
positive relationship between leaf age and salt 
concentration. A high enhancement in activity was 
detected in leaf 10.  
 The enzyme phenylalanine ammonia lyase 
(PAL) catalyzes the deamination of the amino acid 
phenylalanine at the entry of secondary 
phenylpropanoid / phenolic metabolism in plants [8]. 
In the absence of stress, significant differences were 
observed in peroxidase and phenylalanine ammonia-
lyase activities throughout the experiment between 
old and young leaves. It appears that many NaCl-
induced changes in Aeluropus littoralis leaves are 
due to the naturally-occurring senescence process 
and the changes in protein synthesis [26]. 
 Polyphenol oxidase (PPO) is located in the 
chloroplast. This enzyme catalyzes the oxidation of 
O-diphenols to O-quinones. The activity of 
polyphenol oxidase increased at 400 mM in leaf 4 
and leaf 7. Elevation of PPO activity was salt-
dependent in leaf 7 and leaf 10, nevertheless, a 
greater activity was recorded in leaf 10 in 
comparison with other leaves at 200 mM (Fig. 1C). 
The activity pattern of Polyphenol oxidase in leaves 
at different developmental stages may have been 
interpreted as an effect of the developmental stage on 
the activity of this enzyme. There is evidence for a 
developmental regulation of PPO activity [22]. It 
appears that older tissues, because of senescence and 
changes in compartmentalization of related enzymes, 
have a higher PPO activity than the younger ones, 
which maintain   membrane integrity [17]. 
 The substrates for Peroxidase and Polyphenol 
oxidase are mainly polyphenolic compounds. 
Polyphenols such as phenolic acids with a high redox 
potential as reducing agents, hydrogen donors and 
singlet oxygen quenchers, play an important role in 
scavenging free radicals produced during salt stress 
in plants [14,9]. The mechanisms that reduce 
oxidative stress are expected to play an important 
role in plant tolerance under saline conditions. 
Antioxidants expressed during different 
developmental stages in comparison with others have 
more important roles in resistance to stress [4]. 
 The present study demonstrates a differential 
effect of salt stress with respect to the duration of salt 
treatment (leaf age). 
 Our findings indicate significant differences in 
antioxidant defense responses in different Aeluropus 
littoralis leaves exposed to increasing NaCl 
concentrations. This study demonstrates that 
increased POD and PAL activities in Aeluropus 
littoralis leaves are suggestive of a resistance 
response towards NaCl in plants at different 
developmental stages. The data presented here also 
revealed that salinity influenced on changes in de 
novo protein synthesis against salt and decreasing of 
total soluble proteins following leaf scenecense in 

Aeluropus littoralis as halophyte species under salt 
stress. 
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