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Abstract: The changes that take place m the leaf apoplastic antioxidant enzymes system, protein and 1soenzyme
pattern in response to salts stress was studied in three onion (Allitm ceba 1..) cultivars, named Behary Red,
Giza 6 and Giza 20. The constitutive level of lipid peroxidation and glutathione content (GSH), enzymes activity
of catalase (CAT), superoxide dismutase (3OD) and peroxidase (POD) as well as the protein and isoenzymes
pattern were performed m the leaf of control (tap water, 200 ppm salts) and three concentrations of salt (2000,
4000 and 6000 ppm salts prepared from seawater (28000 ppm salts) stressed plants, 45 days after completing the
stress treatments. The salt stress increased the rates of lipid peroxidation (as indicated by increasing the
malonaldehyde (MDA) contents) and their effect was mcreased gradually by increasing salts levels. The
mcreasing values in MDA contents 1n salt stress plants treated at 2000, 4000 and 6000 ppm salts levels were
121.9, 248.6 and 290.3% in Behary Red cv. and 126.4, 260.0 and 396.2% in Giza 20 cv., respectively of the control
level (100%). Generally, salts stress induced significant increase in the activities of the antioxidative enzymes
CAT, POD and SOD m omon cvs., accompanied by increased in glutathione level. The GSH level was increased
more in Behary Red cv. and Giza 20 cv., than in Giza 6 cv., at 6000 ppm salts. Their ncreasing values were 203.7,
283.3 and 242.86%, respectively compared to the control level (100%). The leaf protein profile obtained by
SDS-PAGE was diagnostic of characteristics different onion cultivars exposed to salts stress which, three
distinct new protein bands with molecular weigh 50, 66 and 80 kDa were produced m Giza 6, Giza 20 and Behary
Red omon cultivars, respectively. Also, electrophoretic bands of POD and CAT 1soenzyme of different onion
cultiver were differ in numbers and relative concentration due to salts stress. This finding suggested that
Behary onion cultiver is better protected against lipid peroxidation process, inherently and under salts stress,
than Giza 6 and Giza 20 onien cultivers. Also, the new protein bands and the characteristic CAT and POD
1soenzymes banding patterns could be used as a biochemical marker for selection of salt tolerance onion plants
when grown under salts stress.
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INTRODUCTION

Recently, the environmental stresses such as
drought, temperature, awr pollution, heavy metals,
pesticides and soil pH (Prasad et al., 1994; Zhang and
Kirkham, 1996; Badiani et al., 1993; Gossett et al, 1996)
are major factors limiting crop production due to its
affects almost all plant functions (Hern-Ndez, et al., 2001).
Salt stress causes stomatal closure, which reduces the
CO, to O, ratio in leaves and inhibits CO, fixation, these
conditions increase the rate of reactive oxygen species
(ROS) formation, via enhanced leakage of electron to
oxygen in the chloroplasts and mitochondria. Electrons
generated by photosynthetic process react with oxygen
and generate ROS® such as superoxide (O,”) peroxide
(F,O,), hydroxyl radicals (*OH) and singlet oxygen ('02)
(Asada and Takahashi, 1987). Also, the superoxide radical

1s at the membrane level in most plant cell organelles and
hydrogen peroxide is the product of superoxide dismutase
of several oxidases of peroxisomes (Thompson et al.,
1987 Del-Rio et al., 1992; Shalata and Tal, 1998). The
hydroxyl radical can be generated through the
Fe-catalyzed Haber-Werss reaction (Halliwell and
Gutteridge 1985) and singlet oxygen is mainly formed in
photodynamic process i the chloroplast (Thompson
et al., 1987). However, during normal condition, ROS® are
efficiently scavenged by antioxidant system. While, when
ROS" production is surpasses the antioxidant system
capacity, oxidation stress occur, resulting in cytotoxic
protein damage, DNA damage and lipid peroxidation
(Elstner 1982; Shalata and Tal, 1998).

Plants have evolved a battery of antioxidative
mechanisms to detoxify and eliminate these reactive
oxygen species. The antioxidant defense system mcludes
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hydrophilic (ascorbic acid and glutathione), hydrophobic
(a-tocopherol and carotenoids) antioxidants substance
and enzymes like superoxide dismutase, catalase,
peroxidase and others. Plants differ in their ability to
remove and scavenge ROS' The differences i plant
protection mechanisms determine their tolerance to stress
conditions associated with ROS toxicity. Salt stress
caused a reduction in CAT activity mn some plants, e.g.,
pea (Corpas ef al, 1993) and rice seedling (Mittal and
Dubey, 1992) while, in other plants, salt stress enhanced
CAT activity e.g., m seedling of Cicer arietinum (El-Kady
et al, 1982). Salt induced a significant increase in a SOD
activity in citrus and pea (Gueta-Dahan et al, 1997).
However, salt-induced increase of antioxidant enzymes
which is presumed to be active in elimination of
hydroperoxidants, either constitutive or induced have
been experimentally determmed to exhibit greater
tolerance to variety of environmental stress conditions
(Lechno et al., 1997; Shalata and Tal, 199%).

When onion 1s grown for bulbs it 1s classified as low
salt tolerant crop (Mangal et al., 1989). In this study the
antioxidant enzyme activity (SOD, CAT and POD) as well
as the glutathnone (GSH) and lipid peroxidation contents
were studied in the young leaves of onion cultivars (Giza
6, Giza 20 and Behary Red) when grown under salt stress
condition in order to select salt tolerant cultivar.

MATERIALS AND METHODS

Plant materials: Three onion cultivars named: Behary
Red, Giza 6 and Giza 20 were obtained from Onion
Department, Agriculture Research Center, Giza, Egypt.

Growth conditions: A pot experiment was conducted in
the greenhouse of National Research Center, Dokki, Cairo,
Egypt during 2001/2002-winter season in order to evaluate
the effect of different salt concentration (prepared by
diluting seawater) on the lipid peroxidation, antioxidant
enzyme activities, protein pattern and isoenzyme profiles
as follows:

Salt concentration: Tap waters (200 ppm salts) used as
control and diluting seawater (2000, 4000 and 6000 ppm
salts), the experiment mcluded 12 treatment and the
experimental design was split plot in 10 replicated.
Seedlings of the onion cultivars were transplanted after 40
days from sowing. Salt stress treatments were started at
60 days from sowing which plants irrigated by saline
water and in next irrigation followed by tap water
alternatively. Samples from every treatment were taken at
45 days from transplanting for chemical analysis. At the
same time the plantreceived the optimum fertilizer
(PO, K" and N)

Preparation of cytosolic fraction: Leaves tissue of onion
cultivars about (1 g) were excised and homogenized using
mortar and pestle in 4 ml of ice-cold grinding buffer
contaiming 250 mM sucrose, 25 mM Tris and the pH was
adjusted to 7.2. The homogenate was centrifuged at 12000
g for 15 min at 4°C. The resulting supernatant was used
for analyses of enzyme activities, GSH, lipid peroxidation,
protein content and 1soenzymes electrophoresis patterns.

Enzymes assays: The activity of cytosolic SOD (EC
1.151.1) was determined by photochemical method
{(Gimopolitis and Ries, 1977). Spectrophotometrically
method as described by Chance and Maehly (1855) was
used to assay the POD activity (EC 1.11.1.7). The CAT
enzyme (EC 1.11.1.6) activity was measured
spectrophotometrically by measuring the U.V absorption
at 240 nm of a 10 mM of H,O,solution in present of 25 mM
phosphate buffer, pH 7.0 (Hans- Luck 1970).

Determination of lipid peroxidation products: The lipid
peroxidation products was estimated by the formation of
thiobarbaturic acid reactive substances (TBARS) and
quantified m term of malonaldheyde (MDA) as described
by Haraguchi et al. (1997). The lipid peroxidation was
expressed as micromoles of MDA. The extinction
coefficient of TBARS was taken as 1.56 x 10 "'mM at wave
length 532 nm.

Determination of glutathione (GSH): The GSH content
was estimated by the acid—soluble sulthydryl (SH) level
in the tissue homogenates as described by Vecchia et al.
(1992).

Determination of protein: Protein levels of cytosolic were
determined spectrophotometrically at 595 nm, using
comassie blue G 250 as a protein binding dye (Bradford,
1976). Bovine serum albumin (BSA) was used as a protein
standard.

Protein electrophoresis: In order to determine the
molecular weight of the protein subsets, sodium dodycyl
sulphate polyacrylamide gel electrophoresis (SD3-PAGE)
under denaturating conditions were used as described by
Laemmli (1970) using 12.5% acrylamide concentration.
Each sample (protein extract) was heated at 100°C for 2
min in 10 mM Tris HCI buffer, pH 7 that containing 2%
(whr) SDS, 2% 2-mercapoethanol and 5% (W/V) glycerol,
before electrophoresis. A 30 pl of the prepared sample
were applied per well after adding one drop of the loading
butfer bromophenol blue and glycerine (Gel was run at 200
volt under cooling) when the samples reach to the end of
gel, the gels were removed from the apparatus, then
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immersed in staining solution containing comasie brilliant
blue-R250. Molecular weight marker SDS-7 (Sigma) was
used to estimate the molecular weight of the sample
ranging from 14-66 KD.

Detection of isozyme by electrophoresis: Native-PAGE
Non-denaturing polyacryiomide gel electrophoreses was
done in 7.53% polyacrylamide according to Davis (1964) on
vertical slabs gel using the pharmica gel electrophoresis
model at 4°C using 200 volt for 120 min. Protein extracts
(20 pg protein equivalent) of each sample were loaded into
each well at the top of gel. Activity stain for each enzymes
was carried out as follows:

POD: Gel was stamned for POD activity as described by
Schrauwen (1966). Gel was incubated in 0.3 mM
Na-phosphate buffer, pH 6 for 10 mm. Then the gel were
treated with 0.1% hydrogen peroxide and 0.25%
O-dianisidine.

The appearance of dark brown bands was caused by
peroxidase activity and indicated the presence of a
peroxidase isozymes in the gel. Then stopped the reaction
with tap water and the gel photogeraphed immediately.

CAT: CAT was detected by method of Woodbury et al.
(1971), the gel was soaked in 5 mM hydrogen peroxide
solution. After 10 min the gel was washed with water and
stained with a reaction mixture contaming 2% (w/v)
ferricyamde and 2% ferric chloride. The enzyme appeared
as yellow bands on dark green back ground. The reaction

was stopped with tap water and the gel were
photographed immediately.
RESULTS AND DISCUSSIONS

Salt stress and lipid peroxidation: The lipid peroxidation
product (as MDA) was lower in Giza 6 than Giza 20 and
Behary Red cvs. Under control condition, which their
values were 13.1,15.2 and 17.5 pM, respectively. Their
values mereased m their cultivars when grown under salt
stress (Table 1). The increasing values of MDA in Behary
Red cv. was lower than the other two cultivars at all salt
stress treatments, the increasing level of TBARS at 2000,
4000 and 6000 ppm salts were 121.9,248.6 and 290.3% in
Behary Red ; 140.9,262 and 381.3% in Giza 6 and 126,260
and 396.2% in Giza 20, respectively compare to the
controls level (100%). However, salt stress at highest level
of 4000 and 6000 ppm salts caused a higher significant
increase in levels of MDA content in all cultivars. The
degree of accumulation of MDA in onion leaves was
arranged in follow ascending order: Behary Red, Giza 20

and Giza 6 cv. consequently, Behary Red cv. was more
salt tolerance than the Giza 20 and Giza 6 cultivars, which,
the accumulation of MDA was more in the salt
susceptible than i the salt tolerant cultivars
(Sreemivasulu ef al., 1999). Thus, the salt stress caused an
increase the rate of lipid peroxidation in the susceptible
cultivars (Giza 20 and Giza 6 cultivars).

Salt stress and antioxidant enzyme activities: Activities
of the antioxidive enzymes CAT, POD and SOD were
enhanced by salts treatment of all onion cultivars plants
(Table 1). Behary Red cultivar had the higher SOD, CAT
and POD activity than the other onion cultivars grown
under salt stress. The values were higher in Behary Red
cv. than in other two cultivars under control condition
{(200ppm salts). The mcreasing? of SOD, POD and CAT
activity in Behary Red cv. grown under 2000,4000 and
6000 ppm salts were 137.93, 166.2 and 137.77%, 155.42,
181.4 and 154.6% and 196.44, 20953 and 167.3%
respectively, of the control values (100%).

The increasing % of SOD, POD and CAT activities
which were lower in the Giza 20 cv. than Behary Red and
Giza 6 cv. under salt stress condition. For instance, the
increasing % of CAT activity grown in 2000, 4000 and
6000 ppm salts was 122,128,136% while, in Behary Red
was 137,154 and 167% respectively, of the control level
100%. However, salt stress was enhancement the activity
of CAT m all omon cv. were over than other enzymes
SOD and POD. The means increase values of thewr
enzymes 1 Behary Red cv. and Giza 6 in parenthesis
grown under salt stress were 350.8, (26.7), 210.3 (149.6)
and 81.3 (57.14) respectively. Where, mean values activity
of POD, SOD and CAT m Giza 6 cv. was 290.4,164.6 and
68.44, respectively.

The qualitative and quantitative changes in the
activity of several enzyme including SOD, CAT, POD and
glutathione reductase (GR) and peroxidase (GPX) isclated
from plants subjected to salimty stress were reported by
Sreemvasulu ef al. (1999).

Antioxidant content of glutathione (GSH) in different
onion cv. treated with salts stress was shown m Table 1.
Glutathione content was higher in leaves of different
onion cv. grown under salt stress. The increased of GSH
content was gradually increased by increasing of salts
levels. At 6000 ppm salts, the level of GSH was increased
by 303.7 283.3 and 242 .8% of the control 100% in Behary
Red c¢v., Giza 6 and Giza-20 onion cvs., respectively.
However, GSH may play a protective role in scavenging
of single oxygen, peroxides and hydroxyl radicals and is
involved in recyeling reduced of ascorbic acid (ASC)
the ascorbate-glutathione pathway m chloroplasts
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Table 1: Effect of salt stress on lipid peroxidation (TBARS) ,Glutathione (GSH) , superoxid dimutase (30D), peroxidase ( POD) and catalase (CAT.) of
different onion cultivars
Antioxidant enzymes
TBARS GSH 50D POD CAT
Rel. Rel Sp. Rel. Sp. Rel. Sp. Rel.
Cultivars Treatments MDA content Level content  activity activity activity activity _ activity activity
Behary red  Tap water 17.5041.09 100.00 3.23£0.29 100.00 142.54+233 100.00 49.51£1.22  100.00  250.70£3.21  100.00
(200 ppm salts)
2000 ppm salts  21.33+0.25 121.90 5.95£0.13 18420 196.614+3.5 137.93 8231£1.52 16620 34540+295 13777
4000 ppm salts  43.50+0.28 248.60 7.52+0.09 23282 221.54+2.91 15542 89.82+2.41 181.40  387.60+2.54 154.60
6000 ppm salts  50.80+0.39 29030 9.81+£0.19 30370 280.50=4.12 196.44 103.74£2.33  209.53 41950432 167.30
Giza 6 Tap water 13.1441.28 100.00 2.34+0.12 100.00 113.71+241 100.00 42.23+0.96  100.00 227324295 100.00
(200 ppm salts)
2000 ppm salts  18.52+1.38 140.90 3.61+£0.16 15430 163.4243.5 143.80 66.86+1.52 15830 296.40+2.05  130.40
4000 pprm salts 34.44+1.27 262,00 579024 24743 175.90+.3.13 154.70 79.54+1.55 18830  31230+£1.99 13740
6000 ppm salts  50.1141.48 381.30 6.63£0.14 28330 204.50+.1.99 179.40 85.1241.96  201.60 32570+2.54 143.30
Giza 20 Tap water 15.20+£0.38 100.00 2.87+£0.21 100.00 107.53t2.54 100.00 3532254 100.00  214.40+2.54 100.00
(200 ppm salts)
2000 ppm salts  19.21£1.28 12640 4722024 16445 142.11£3.61 13216 58.43+1.55 16540 262.31+£1.95 12230
4000 ppm salts  39.52+1.30 260.00 5.25+0.15 18290 163.27£3.74 154.80 64.33+0.96 18213  274.50+249  128.00
6000 ppm salts  60.2241.24 396.20 6.97£0.17 24286 185.51+.2.11 172.14 TO.58£0.96  199.80 291.40+295  136.00

Specific activity of SOD:pmol / mg protein /min
Specific activity of POD 1/mg protein /min
Specific activity of CAT:p mol /mg protein /min

MDA :p mol /mg protein
Rel. activity : relative activity
* . All values are means of 3 replicates

GSH level: pmol g tissue (F.wt)
Rel. content : relative content
+: 8D

(Foyer, 1993). The mcreasing content of GSH may be
driven by enhanced of H,0, formation in the salt stress
(Lechno et al,, 1997). The increasing of H,O, level has
been shown to enhance antioxidant content and
antioxidative enzyme in many plants (Mitler and Tel-Or,
1991 and Lechno et al., 1997).

These results revealed that Behary Red cv. had much
lower of lipid peroxidation product (MDA) and higher
antioxidant (GSH) content and antioxidant enzymes
activity, than the other onion cvs.. GSH content and
antioxidant enzyme activities were reporting to play a key
role mn salt tolerance (Shalata and Tal, 1998). A regulated
balance radical production and
destruction required, if metabolic efficiency and function
are to be maintained ether in normal or stress condition. A
constitutively high antioxidant capacity under stress
conditions with plant resistance to that particular stress.
Consequently, the mechanisms that reduce ROS* species
and increase antioxidant enzyme system in plant are an
important role in imparting tolerance in plant under
environmental stress (Sreenivaslu et al, 1999 and
Lechno et al., 1997).

In the present study, a sigmficant elevation in
antioxidant enzymes activities (SOD, POD, CAT) and
antioxidant content (GSH) were recorded in three onion
cvs. under salts stress condition. Further the degree
increases were found to be correlate with salts levels
(Fig. 1). Furthermore, the degree of elevation in
antioxidant enzymes activity and antioxidant content were
relative high in Behary Red cv. than that m Giza 20 and
Giza 6 cvs., therefore, Behary Red cv. can be considered
as better tolerant cultivars when compared to other both
cultivars.

between oxygen

The proportional contribution of various companions
of the antioxidative system in plant under salt stress may
vary in different species. In cotton the results suggest
that protection for oxidation damage by higher level of
antioxidant enzyme like CAT and POD more active
ASC-GSH care involved i development of salt stress
(Gossett et al., 1996). While, the activity of SOD, inherited
or induced was fond to be higher in salt-tolerant cultivars
of pea or citrus than the sensitive cultivars (Gueta-Dahan,
1997). An increase i POD activity 1s common response to
various oxidative stress factors. The tolerant cultivar (cv
Prasad) of fox-tail millet had low MDA content and high
POD activity than the susceptible cultivars during salinity
stress.

In conclusion, salts stress onion plants exhibited
specific responses of enhanced CAT, POD and SOD
activities, accompanied by mcrease in GSH content and
decrease lipid peroxidation process and their responses
vary between cultivars.

Protein SDS-PAGE patterns: The protemn pattems of
three omion cultivars which grown at different salt
treatments were analyzed. The separated bands of protein
subunits were photographed and presented in Fig. 2. In
general, all cultivars under all treatments contained one
major distinet band with high molecular weight 66 KD.
The pattern of high molecular weight band indicated that,
there was a particular strong induction of biosynthesis of
66 KD protein m all cultivars under different salt
treatments. In addition, n case of the first cultivar
(Behary Red) which presented in lanes 1, 2, 3 and 4
respectively, produced similar number of bands except in
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Fig. 1: Effect of salt stress on superoxid dimutase (SOD), peroxidase ( POD), catalase (CAT), Glutathione (GSH) and lipid

peroxidation(MDA) of different onion cultivars

lane 1(control treatment) which had bands differ in their
intensities. In contrast, in case of the second cultivar
(Giza 6) different patterns of protein profile were observed,
for example in lane 8 with 6000 ppm salts treatment there
are two distinet new bands with MW 50 KD and 14 KD
which not exhibited in any other culivars. In general, these
patterns may give remarkable marker to relay the
discrimination on between treated and untreated cultivar
since one could considered the presence of new bands as
an adaptive band for stress treatment.. Also the third
cultivar (Giza 20) exhibited a new famt band with
MW=80 KD (lane 10) under 2000 ppm salt stress

treatment. Consequently these newly synthesized bands
indicated that salt stress induced related gene(s) to
produces these salt inducible proteins (Abdel-Tawab and
Allam 2002). These results are in agreement with the
findings of Ericson and Alfito (1984) who stated
that, two different protein bands with MW of 32 and
20 KD were extubited with high mtensity in the salt
stressed tobacco plants. El-Farash et al. (1993) studied
the expression of 12 different proteins bands, which were
induced in salt stressed tomato plants. They reported that
the expression of these proteins bands was genetically
regulated, depending on the salt concentration.
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3 4 5 6 7 8 9 10 11 1213 MW

Fig. 2: SDS-PAGE pattern of 3 different omon cultivars
123 45 6 78 9101112

Fig. 3: Zymogram of POD Isceyme of 3 different onion
cultivars

Lanes 1 to 12 where:

Behary Red

1-Control (tap water 200 ppm salts)
2-2000 ppm salts

3-4000 ppm salts

4- 6000 ppm salts

Giza 6

5-Control (tap water 200 ppm salts)
6-2000 ppm salts

7-4000 ppm salts

8- 6000 ppm salts

Giza 20

9-Control (tap water 200 ppm salts)
10-2000 ppm salts

11-4000 ppm salts

12- 6000 ppm salts

Peroxidase (POD) isozyme expression under salt stress:
Expression of the POD isoenzyme was detected in leaf

Fig. 4. Zymogram of CAT Isoeyme of 3 different onion
cultivars

water soluble proteins extracted from three onion cultivars
treated with 200, 2000, 4000, 6000 ppm salts using 7.5%
native-PAGE system (Fig. 3). The results showed that one
band were exhibited in salt untreated and treated plants of
all cultivars. This band was manifested higher densities
and intensities in the salt treated cultivars than in
cultivars grown under control conditions (200 ppm
salts).In the salt treated Giza 20 cultivras, the density and
intensity of this band was higher under 2000, 4000, 6000
ppm salts treatments (lanes 10, 11 and 12 respectively
compared to the control (200 ppm salts). These results
indicated that salt stress mcreased the accumulation of
the POD enzyme and that encoding gene(s) which may
accelerated in response to salt stress in both treated and
untreated treatments, but the rate of acceleration was
markedly higher in the former than in the latter case.
These results are in harmony with the findings of
Sreeruvasulu ef al. (1999) who stated that high peroxidase
isozyme activity was detected in salt tolerant cultivar
compared to salt susceptible cultivar of Fox-tail millet
which related to the salt adaptation process.

Catalase (CAT) isozyme expression under salt stress:
The electrophoretic patterns of catalase isozymes was
photographed and illustrated in Fig. 4. Looking at all
cultivars when grown under control and salt stress
treatments, each cultivar exhibited one band as a total
number with different mtensity. The first cultivar extubited
one band with high intensities when grow under control
treatment (Lane 1) and the intensity was decreased with
increasing salt treatment but still lugher than any other
treatment. In this concem El-Baz er al. (2003) used
peroxidase isozyme and protein pattern as a marker for
salts stress tolerance in cucumber plants, the authors
found that, the profile of 1soperoxidase was modified
during salt stress conditions also a new subset of

1225



Asian J. Plant Sci., 2 (17-24): 1220-1227, 2003

proteins induced by salt stress compared to control plant
was observed. This behavior may be due to its ability to
tolerate salt stress or due to the effect of salt stress which
may cause some shift in gene expression. It 15 also
interesting to note that the last cultivar showed
differences in the mobility of bands and its intensity
under salt treatment when compared with control.

In conclusion the present study demonstrated that,
the biochemical and molecular markers associated well
with salimty stress in omon cultivars. It offers a simple
and fast technique could be used to select the salt
tolerant culivars of onion plant.
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