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1. Introduction

Salinity is one of the important abiotic factors in limiting plant productivity (Munns,
2002). 19.5% of the irrigated agricultural land is considered saline (Flowers & Yeo, 1995).
Although minerals are essential for plants, their excess quantity in the soil is injurious to
plants. Plants exposed to saline environment suffer from ion excess or water deficit and
oxidative stress linked to the production of reactive oxygen species (ROS), which cause
damage to lipids, proteins and nucleic acids (Hernandez, et al., 2000). Oxidative stress is
considered to be one of the major damaging factors in plant cells exposed to salinity
(Gossette, et al., 1994; Hernandez, et al., 1995; Khan & Panda, 2002; Queiros et al., 2007).
The process of salt response and tolerance has been studied at the whole plant level
(Hasegawa et al., 2000; Jogeshwar, et al., 2006). However the structural complexity of the
whole plant makes it difficult to separate systemic from cellular salinity tolerance
mechanism (Hawkins & Lips, 1997). The importance of plant tissue culture in the
improvement of salt tolerance in plants has been pointed long back (Dix, 1993; Hasegawa,
et al., 1994; Nabors et al., 1980; Tal 1994). In recent years tissue culture techniques are
being used as a useful tool to elucidate the mechanism involved in salt tolerance by using
in vitro selected salt tolerant cell lines (Davenport, et al., 2003; Gu, et al. 2004; Lutts et al.,
2004 ; Naik & Harinath, 1998; Rao & Patil. 1999; Venkataiah. et al., 2004). Besides, these
lines have been used to regenerate salt tolerant plants (Chen et al., 200; Jaiwal & Singh,
2001; Miki et al. 2001; Ochatt et al., 1999; Rao & Krupanidhi, 1996; Shankhdhar, et al., 2000).
The selection of crop varieties for greater tolerance to saline environment will allow
greater productivity from large saline lands.

2. Materials and methods
2.1 Callus induction and culture

Seeds of mung bean cultivar (cv) PS-16 were obtained from Agriculture Research Station
Gulbarga, India. Seeds were washed thoroughly and imbibed in sterile water for six hours
and then soaked in 70% (v/v) ethanol for 4 min and then surface sterilized for 1 min by 0.1%
HgCl (m/v). The seeds were germinated on sterile filter paper soaked in sterile water in
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culture tubes and allowed to germinate for 5 days at 16/8h (light/dark) photoperiod at 42 p
mol m?2 s irradiance provided by cool fluorescent tubes and incubated at 26 +1 OC.
Cotyledons from 5 days old seedlings were used as source of explants for callus induction.
The cotyledons were cut along the four side ( i.e. leaf apex, petiole region and leaf margin of
both the sides) with a sterile scalpel and cultured on Murashige and Skkog’s (MS) medium
supplemented with 9.09uM 2, 4-Dichlorophenoxy acetic acid (2,4-D) and 5.76uM kinetin(Kn)
solidified with 8% (m/v) agar, before solidifying the pH of the media was adjusted to 5.6,
the cultures were incubated under 16/8h (light/dark) photoperiod and allowed to grow for
four weeks.

2.2 Selection of salt tolerant lines

Callus tissue grown on MS medium as described above was directly exposed to different
concentrations of NaCl (50, 100, 150 and 200 mM) and the concentration at which growth
was completely inhibited was determined. Cell survival was nonexistent at 200 mM.
Consequently a concentration of 150 mM was used for selection and a portion of calli
developed at this concentration was thereafter sub- cultivated on fresh MS medium
containing same concentration (150mM) of NaCl and allowed to grow for 8 weeks. After
this, calli were then transferred on MS medium without NaCl for 4 weeks. To test the
stability of salt tolerant trait. Callus line growing healthily, on medium without NaCl were
again transferred to MS medium containing 150 mM NaCl for 4 weeks, surviving callus
lines showing good growth at this stage was considered to be NaCl tolerant. The salt
tolerant calli was picked up and were further grown for a period of 4 weeks and used for
enzyme, protein and proline estimation.

2.3 Assessment of growth

Callus tissue (~250 mg) of both selected and non-selected were grown MS medium
supplemented with 9.09 pM 2, 4-D and 5.76uM Kin containing 0-150 mM NaCl. The increase
in fresh weight of the callus was determined after four weeks. Three replicates each
consisting of 10 culture tubes were maintained per treatment, the relative growth rate of
callus was calculated as the (FM ¢_ FM ;) /FM ;, where FM ¢ and FM ; were the final and
initial fresh weight respectively. Samples of callus tissues were stored in - 80 °C for further
analysis.

2.4 Lipid peroxidation

Lipid peroxidation was determined in terms of Malondialdehyde (MDA) content using
the Thiobarbutric acid reaction (TBARS) according to Heath and Packer (1968). Frozen
callus tissue was ground to a fine powder in liquid nitrogen with a mortar and pestle.
Subsequently about 100 mg of powder was homogenized in 5 cm3 of TCA (0.1% w/v) and
centrifuged at 10,000g for 10min at 5 °C. 1 cm3 of supernatant was mixed with 4 cm? of
0.5% TBA reagent in 20% TCA. The mixture was then heated at 95 °C for 30 min, cooled
over ice and centrifuged at 10,000g for 10 min. The absorbance of the supernatant was
recorded at 532 nm and corrected for non specific absorbance at 600 nm. MDA content
was calculated using an extinction coefficient (€) of 155 mM ! cm land and expressed as
nmol g1 FW.
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2.5 Determination of ascorbate

Ascorbic acid (As A) was extracted in 5% (m/v) methophosphoric acid with sand at 4 °C.
The homogenate was then centrifuged at 3000 g for 20 min at 4 °C Ascorbate content was
quantified in the supernatant as described by Shukla, et al., (1979). An aliquot of 1cm3 of the
supernatant was mixed with 2.5 cm3 of 1% (v/v) freshly diluted Folin - Ciocalteu reagent.
The reaction mixture was allowed to stand for 40 min at room temperature, then the
absorbance was recorded at 730 nm, using ascorbic acid as standard.

2.6 Superoxide dismutase activity (SOD) (EC 1.15.11)

The activity of SOD was determined based on its ability to inhibit the auto oxidation of
pyrogallol. The measurement was based on the modified method of Markland and
Markland, (1947). The reaction mixture consisted of 0.25 M pyrogallol in 0.1 M sodium
phosphate buffer (pH 7.4) and 0.1 cm? of enzyme extract. The reaction was initiated by light
illumination and the rate of oxidation was measured spectrophotometrically at 429 nm as
per the procedure described by Nakono & Asada, (1981). SOD activity is expressed in
units/mg protein. One unit is defined as the amount of the enzyme which caused 50%
inhibition of pyrogallol oxidation.

2.7 Ascorbate peroxidase activity (APX)

The activity of APX was determined by measuring the decrease in absorbance at 290 nm and
the amount of Ascorbate oxidized to dehydroascorbate was calculated from the extinction
coefficient 2.8 (Nakano and Asada, 1981). The reaction mixture (2 cm?) consisted of 25 mM
phosphate buffer (pH 7.0), 0.1 mM EDTA, 0.25 mM ascorbic acid, 1.0 mM H>O; and 0.2 cm?
enzyme extract.

2.8 Catalase activity (CAT; EC 1.11.1.6)

Catalase activity was measured according to method of Chandlee and Scandalios (1984).
One gram of frozen callus was homogenized in a pre chilled pestle & mortar with 5 ml of ice
cold 50 mM phosphate buffer. The extract was centrifuged at 4°C for 20 Min. at 12,500 X g.
The supernatant was used for enzyme assay. The assay mixture contained 2.6 ml of 50 mM
potassium phosphate buffer (pH 7.0) 0.4 cm?2 15 mM H>O, and 0.1 cm? of enzyme extract.
The decomposition of H,O, was followed by decline in absorbance at 240 nm.

2.9 Peroxidase activity (POX; EC 1.11.1.7)

Peroxidase activity was assayed by the method of Kumar and Khanna (1982). Assay mixture
contained 2 ml of 0.1 M Phosphate buffer (pH 6.8) 1ml of 0.01M pyrogallol, 1 ml of 0.005 M
H>O, and 0.5 ml of enzyme extract. The solution was incubated for 5 min at 25 °C after
which the reaction was terminated by adding 1 ml of 2.5N H>SO4. The purpurogallin formed
was determined by measuring the absorbance at 420 nm against a blank prepared by adding
the extract after the addition of 2.5N H,SO, at zero times. The activity was expressed in unit
mg! protein. One unit (U) is defined as the change in the observance by 0.1 min! mg-
protein.
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2.10 Protein estimation

Samples of frozen callus tissue were ground in Tris-HCI (60 mM, pH 6.8) at 4°C, using
prechilled mortar and pestle. The extract was centrifuged (4000g for 15 min at 4°C) and the
supernatant was used for protein estimation according to Bradford (1976).

2.11 Proline estimation

Proline was extracted and determined calorimetrically by the method of Bates, et al., (1973).
Callus tissue (~200 mg) was homogenized with 4 cm3of 50 mM phosphate buffer (pH 7.8)
containing 1% (w/v) polyvinyl pyrrolidone (PVP) 0.01% (w/v) Triton X-100, and
centrifuged at 800 rpm for 15 min. Proline was determined in the supernatant by measuring
the absorbance of proline-ninhydrin product formed, at 520 nm in a spectrophotometer
using toluene as a solvent.

2.12 Regeneration of plantlets from NaCl tolerant calli

Plantlets were regenerated from salt tolerant and non-tolerant (control callus) callus. For
regeneration of plantlets, callus was transferred in fragments of about 300 mg directly to MS
medium supplemented with 0.5-2 mg/1 BAP, alone or in combination with 0.25 and 0.5
mg/1 NAA. After the shoots reached a height of 3-4 cm individual shoots were excised and
transferred to rooting media which consisted of MS medium supplemented with 0.5 and 1
mg/1IBA.

2.13 NaCl tolerance test of regenerated plantlets

After the regenerated shoots produced roots, they were transferred to Erlenmeyer flasks
containing the same rooting medium supplemented with 150 mM NaCl (Chen, et al., 2001).
The survival rate of plantlets regenerated from non selected callus and NaCl selected callus
was determined by using the formula

The number of surviving plantlets X 100.

Total number of tested plantlets

2.14 Statistical analysis

The results presented are an average over three independent experiments. Data were
processed with analysis of variance (ANOVA) and the means were compared using
students test at a significance level of = 0.05.

3. Results and discussion
3.1 Establishment of salt tolerant lines

The NaCl tolerant mungbean cell lines obtained in this study were selected from callus
cultures initiated from cotyledon explants. The direct recurrent selection procedures were
successful in selection of mungbean cell lines exhibiting tolerance to 150 mM NaCl.

Callus tissue cultured on medium containing 50 mM NaCl showed good cell proliferation
and appeared morphologically similar to control, where as callus tissue cultured on medium
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containing 100 mM NaCl showed moderate cell proliferation and small portions showing
brownish color indicating early stages of necrosis. When callus tissue was cultured on
medium supplemented with 150 mM NaCl, a great portion of the cells did not show any
sign of growth and turned brown within 2 weeks of culture. However, small clusters of cells
survived on 150 mM NaCl containing medium. Subsequently the cell clumps that
proliferated in the presence of the salt were picked up and sub cultivated on NaCl free
medium for 4 weeks. The salt tolerant cell lines were again transferred on to a fresh medium
supplemented with 150 mM NaCl. On this medium cell clumps proliferated in to a mass of
callus exhibiting friable nature. The selection processes resulted in establishment of NaCl-
tolerant callus lines showing good proliferation of callus.

Cell lines exhibiting tolerance to NaCl have been previously selected from a range of
legumes Gosal & Bajaj,1984) pasture legumes, (Smith & MeComb, 1981) chick pea,
(Pandey & Ganapathy,1984,1985) Alfalfa (Wincicov, 1991) red gram (Rao &
Krupanidhi, 1996) pea (Ochatt, et al., 1999) soybean (Liu & Van Staden,2000) ground nut
(Jain, et al., 2001). And in several other plant species such as, canola (Tyagi &
Rangaswamy, 1997, Jain, et al., 1991a, b) finger millet, (Pius, et al. 1993) Cotton (Gosset,t et
al., 1994) Potato (Olmos & Hellin, 1996; Queiros, et al., 2007) rice (Dang & Nuguyen, 2003;
Shankdhar et al., 2000) Sunflower (Davenport, et al., 2003) chilli (Venkataiah, et al., 2004)
sugarcane (Gandonou, et al., 2006).

3.2 Growth of callus

Growth rate of adapted callus line in NaCl supplemented media was steady and sustainable
but it was lower than the growth of the control callus grown on stress-free medium.

Reduction in the growth is a common phenomenon in cultured cells grown on medium
supplemented with NaCl (Cushman et al., 1990; Greenway & Munns, 1980; Jain et al., 1991 a,
b; Luts et al., 2004; Rus et al. 1999; Shankdhar et al., 2000; Thomas et al., 1992; Venkataiah et
al., 2004) and it has been interpreted that a certain amount of the total energy available for
tissue metabolism is channeled to resist the stress (Cushman, ef al., 1990). However 200 mM
NaCl tolerant calli obtained either by direct or indirect selection process did not sustained a
regular growth on salt supplemented media, these calli suffered with time a decrease in
growth and all callus tissues died when the culture period was prolonged beyond one
month. A similar response was reported in salt tolerant potato calli lines (Queiros, et al.,
2007) and in Chrysanthemum sp. (Hossain, et al., 2007).

However, at a given concentration of NaCl, selected calli maintained higher growth rate
than non-selected calli when grown on NaCl supplemented medium (Table-1). Similar to
our findings, Kumar and Sharma (1989), Patil & Rao (1999) & Gulati & Jaiwal (2010)
reported that NaCl tolerant lines maintained higher growth rate when compared to non
selected calli in this species. Most of the previously published reports in legumes indicated
that selected cell lines maintained higher rate of growth on saline media when compared to
their wild type for example, Pea (Hassan & Wilkins, 1988; Olms, et al.,, 1995) red gram
(Krupanidhi & Rao,1996) and in other plants like tobacco (Hascgawa et al., 1980) colt cherry
(Ochatt & Power, 1989) rice (Basu, et al., 2002; Kishor & Reddy, 1986) finger millet (Pius, et
al., 1993) sugar cane (Gandonou, et al., 2006).
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Serial NaCl non- selected | selected callus MDA
No (um) callus (mg) (mg) (nmol g-'freshweight)
1 00 (Control) | 778.0 £ 0.67> |  780.0 + 0.45P Non-selected | Selected callus
callus (mg) (mg)
2 50 806.6 + 0.34a 865.3 £0.83a 84.0£0.75¢ 82.6+0.13¢
3 100 647.6x 0.97¢ 740.0 £0.56¢ 90.0 £ 0.86¢ 82.3+0.21¢
4 150 449.3 + 0.534 614.6+0.364 140.6 £0.54P 88.0+0.43Pb

Data represents average of three replicates; each replicate consists of 10 cultures.
Mean + Standard error.

Mean followed by the same superscript in a column is not significantly different at
P =0.05 levels.

Table 1. Effect of NaCl on fresh weight and MDA content of selected and non-selected callus
of Vigna radiata L.

3.3 Analysis of proline and protein contents

Proline and protein content in the selected and non-selected callus line is presented in table-
2. Both protein and proline contents were significantly (p= < 0.05) affected with an increase
in the concentration of NaCl. NaCl tolerant callus line maintained increased protein levels
than control callus when exposed to 150 mM NaCl. Increased protein content in NaCl
tolerant callus has been reported earlier (Chen, et al., 2001; Queiros, et al., 2007). Extra
protein bands in In Vitro raised NaCl tolerant V. radiata plants have been reported by
(Hassan, et al., 2004). Similarly a gradual increase in the Proline content of tolerant callus line
was noticed with an increase in the concentration of NaCl from 100 to 150 mM, maximum
being at 150 mM NaCl level. (Kumar & Sharma, 1989; Patil & Rao, 1999) reported higher
proline in selected calli when compared to non selected calli in this species. Accumulation of
proline has been widely advocated for use as parameter of selection of cell lines for salt
tolerance and it has been shown that proline over producing lines are more tolerant than
their parent cultivars (Kavi Kishor et al., 1995). Increased proline levels in NaCl tolerant
callus has been earlier reported in many legumes like, soybean (Liu, & Van Staden, 2000)
ground nut (Jain, et al., 2001) and in other plants like tobacco (Wattad, et al., 1983) canola
(Jain, et al., 1991 a,b; SashiMadan, et al., 1995) tobacco (Gangopadhyay, et al., 1997b) barley
(Chaudhuri, et al., 1997) Citrus (Piqueras, et al., 1996) alfalfa (Petrusa, et al., 1997) basmati rice
(Basu, et al., 2002) bamboo (Singh, et al., 2003) chili (Venkataiah, et al., 2004) sugarcane
(Gandonou,, et al., 2006). On the contrary some workers did not observe any appreciable
increase in free proline content (Dix & Pearce, 1981, Errabii, et al., 2006; Jain, et al., 1987).
Higher proline levels in salt tolerant callus may be due to an increased rate of synthesis or a
decreased rate of oxidation of this compound as suggested by Wyn-Jones & Gorham (1984).
Patnaik & Dabata (1997) suggested that salinity induced proline accumulation could be due
to putrescence oxidation. There are divergent reports concerning the role of proline in salt
tolerance. High levels of proline in NaCl selected cells have been suggested as a factor
conferring salt tolerance (Kumar & Sharma, 1989; Pandey & Ganapathy, 1985; Wattad et al.,
1983). In contrast proline accumulation has also been excluded as the mechanism of
tolerance in some cases (Dix & Pearce, 1981; Errabii et al., 2007; Tal et al. 1979). The
significant levels of proline observed in our study supports the former. It is well known fact
that proline stabilizes the structure and function of various macromolecules (Kavi Kishor, et
al., 2005; Rhodes, 1987;Smirnoff & Cumbes, 1989).
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Seria : . Ascorbic acid mg &1
_1 -1
I No. Protein mg &1 FW Proline mg 81 FW W
NaCl Non- Selected Non- Selected Non- Selected
m selected us (m selected 1lus (m selected 1lus (m
(wm) callus callus (mg) callus callus (mg) callus callus (mg)
1 00 22.6+0.43c|27.2+0.76c| 7.6+0.53c | 8.8 +0.54d |8.4 +0.44a(22.9 + 0.45¢
(Control)
2 50 28.2 £0.87v | 42,0+0.56> | 10.5 +£0.19 | 18.2 +0.76b | 8.6+0.352 |26.5 + 0.45b
3 100 322+ 0562 47.0+0.232| 16.2+0.652 | 28.2+0.552 | 6.4+0.87> | 42.7+0.50a
4 150 16.4+0.32d | 19.2 £0.654 | 5.9 £0.25d | 12.24+0.22¢ |5.5 + 0.43¢< | 27.1+0.25b

Data represents average of three experiments; Meant standard error

Mean followed by the same super script in a column is not significantly different at
P=0.05 level.

Table 2. Effect of NaCl on protein, proline, and Ascorbic acid content in non-selected and
selected callus on Vigna radiate L.

3.4 Lipid peroxidation

Oxidative damage to lipids was determined as lipid peroxidation in terms of amount of
malondialdehyde (MDA). MDA content of tolerant callus was less when compared to that
of sensitive callus line (Table-1). Sumithra, et al.,2006) reported low levels of lipid
peroxidation in salt tolerant V. radiata cv Pusa bold than in salt sensitive cv CO 4. Jain, et
al., (2001) reported 4 fold increases in MDA content of sensitive callus of ground nut when
grown on saline medium where as in the tolerant callus line the increase was only 1.1
fold. The results indicate that NaCl tolerant callus maintained membrane integrity when
growing in saline environment however sensitive calls line were unable to maintain
membrane integrity under salinity stress resulting in decreased growth and metabolic
imbalance. Changes in the cell wall have been shown to be important for salt adaptation
(Binzel, et al., 1985; Curz, et al., 1992). Salt stress is known to result in extensive lipid per
oxidation (Davenport, et al., 2003; Hernandez, et al., 2000; Khan & Panda, 200;, Kholova et
al., 2009; Queiros et al., 2007). In the present investigations it was noticed that the extent of
lipid peroxidation was higher in NaCl sensitive cell lines than NaCl adopted cell lines,
such observations were also made in ground nut (Jain et al., 2001) wheat (Sarin, et al.,
2005) eggplant (Yaser, et al., 2006). It seems that due to low peroxidation in NaCl tolerant
callus line, membrane integrity might have been maintained, thus preventing protein
denaturation which is supported by the fact that NaCl tolerant callus lines had higher
protein content. Lipid membranes are vulnerable targets for stress induced cellular

damage and the extent of damage is commonly used as a measure of stress (Gadallah,
1999; Zhou, et al., 1992).

3.5 Ascorbic acid content

Ascorbic acid content increased gradually in NaCl tolerant calli line than in the control line.
An increase of about 18% was found in callus tissue grown at 50 mM NaCl, while in callus
grown on medium supplemented with 100 and 150 mM NaCl ascorbic acid content
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significantly increased to 30% and 59% respectively (Table-2). It was previously reported
that the response of many plants cells to salinity is the increased synthesis of ascorbic acid.
A positive correlation between ascorbic acid content and salinity was also reported in NaCl
tolerant cell lines in several species (Gosset, et al., 1996; Sarin, et al., 2005; Qlmos & Hellin,
1996; Queiros, et al., 2007). This antioxidant compound is one of the most effective free
radical scavengers implicated in the adaptations of plants to stress (Shigeoka, et al,. 2002;
Smirnoff, et al., 2000; Queiros, et al., 2007).1t is reported that, high .levels of endogenous
ascorbate is essential to effectively maintain the anti-oxidant system that protects plants
from oxidative damage due to abiotic stress (Shigeoka, et al., 2002).

3.6 Antioxidant enzymes

NaCl stress affect plant processes that lead to the formation of reactive oxygen species (ROS)
super oxide radical (O,) Hydrogen peroxide (H20O,) and hydroxide radicals (OH). The ROS
cause oxidative damage to membrane lipids, proteins and nucleic acid. Accelerated
detoxification is fundamental in development of tolerance to NaCl. To control the levels of
ROS and protect the cells from injury under stress conditions, it is important that ROS
should be scavenged.

Plants protect cells and sub cellular systems from the effects of reactive oxygen species
(ROS) by enzymes such as Super oxide dismutase (SOD) Ascorbate peroxidase (APX) and
Catalase (CAT). In the present investigation it was noticed that NaCl significantly altered
the activities of SOD, APX & CAT with an increase in the levels of NaCl from 50 to 150 mM
NaCl level. Maximum activity of these enzymes (Table-3) was noticed in callus tissue
tolerant to 150 mM NaCl, where as in sensitive callus the activity of these enzymes was
highly inhibited.

S;r(l)al 1(\5;1(1:)1 SOD (EU mg! protein) | APX (EU mg protein [ CAT (EU mg-! protein)
Non-
Non- Selected Non- Selected | selected | Selected
selected selected
callus (mg) callus (mg)| callus | callus (mg)
callus (mg) callus (mg)
(mg)
1 X 40.0 £ 0.76b| 40.6£0.34< | 0.95 £0.23P (0.88 £ 0.67d ot 22.9+0.41.6¢
(Control) | " \" T\ yAVAN 0.562 1T
2 50 42.8 +0.452(50.5 £ 0.56b | 1.40+0.12a | 2.10 +£0.56P 2007955 26.5 + 0.45p
16.4 +
3 100  [38.2+0.36¢|75.8 £0.652 | 0.71 £0.34< |2.94 + 0.672 0.67¢ 42.7+ 0.502
12.6 £
4 150 32.6+0.654 |50. 6 + 0.48P| 0.58 + 0.56 | 1.80 + 0.56 0.454 27.1+0.25b

Data represents average of three experiments. Mean * standard error.
Mean followed by the same superscript in a column is not significantly different at
P=0.05 levels.

Table 3. Effect of NaCl on antioxidant enzymes in non-selected and selected callus in Vigna
radiata L.
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Serial | Growth regulators | Frequency of shoot| Number of shoot Average length
No. (mg/1) induction (%) buds per explants. | of plant let (cm)
1 BAP 0.5 0.0 00 00
2 BAP 1.0 21.66+1.6a 290+0.16 a 3.840.25a
3 BAP 2.0 26.00+14b 820+0.16 b 58+0.34b
4 BAP 2+NAAO0.25 30.10+1.8 ¢ 12.80+0.34 c 72+055¢
5 BAP 2 +NAA 0.5 40.13+1.8d 14.80+ 0.64 d 8.6 £0.68 c

Data represents average of three experiments. Mean + standard error.

Mean followed by the same superscript in a column is not significantly different at

P=0.05 levels.

Table 4. Effect of growth regulators on Frequency, Number of shoots, and mean shoot

length from cotyledon derived callus in Vigna radiata.

SgSozZ >

Callus on NaCl-free medium.

Surviving callus on 150mM NaCl.

NaCl-tolerant callus growing on 150mM NaCl.

NaCl sensitive callus on 150mM NaCl supplemented medium (Note complete darkening and

death of Callus.

Bar ——3 =1 cm

Fig. 1. Photographs showing effect of NaCl on callus cultures of Vigna radiata
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SOD, APX and CAT are considered as useful enzymes to help plants defend salt stress
(Koca, et al. 2006,Shen, et al., 2002). Sumithra et al., (2006) have reported increased SOD and
CAT activity in NaCl tolerant cultivars in this species. There are previous reports indicating
increased activity of SOD in pea (Hernandez, et al., 1993) wheat (Sairam, et al., 2003) cotton
(Gossett, et al., 2004) potato (Queiros, et al., 2007) sweet potato (He, et al., 2008). Apart from
SOD activity considerable increase in the activity of the enzymes APX and CAT was noticed
in tolerant callus line than in sensitive callus when grown on different concentrations of
NaCl. increase in the activities of SOD, CAT, APX in callus tissue raised from NaCl tolerant
callus in cotton than in plants obtained from sensitive callus was reported by Gossett, et al.,
(2004). Elkahoui, et al., (2004) reported increased APX activities in NaCl adopted cell lines in
periwinkle and Mittova, et al., (2002) in salt tolerant wild tomatoes.

A) Initiation of multiple leafy shoot buds on MS +2 mg/1 BAP + 0.5 mg/ NAA
B) Further elongation of shoot after 25 days of culture

C) Rooting of the shoot on MS + 1 mg/1 IBA.

D) A potted plant in a polycup containing 3 : 1 garden soil and sand.

Fig. 2. Photographs showing organogenesis from NaCl tolerant callus

Catalase is a common enzyme found in all living organisms which are exposed to oxygen,
where it functions to catalyze the decomposition of H>O, to water and oxygen (Chelikani, et
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al., 2004). H>O; is a harmful by product formed as a result of stress conditions to prevent
damage it must be quickly converted into less dangerous substance like gaseous oxygen and
water molecules. Hence the role of catalase is important in reducing stress related damages.
Willekens, et al., (1997) suggested that the function of catalase in the cell is lo remove the
bulk of H,O; where as peroxidase would be involved mainly in scavenging H>O, that is not
taken by catalase. In the present investigations it was noticed that both catalase and
peroxidase activity increased in NaCl tolerant callus. From this observation it can be
inferred that catalase/peroxidase might have acted co-operatively to remove H>O, at a
minimum expense of reducing power.

3.7 Regeneration of plant lets from NaCl selected and non selected callus

For regeneration of plant lets calli pieces approximately 25010 mg were transferred to MS
medium supplemented with 0.5-2 mg/1 BAP alone or in combination with 0.25 and 0.5 mg/1
NAA. On MS medium without growth regulators and 0.5 mg/1 shoot bud initiation was not
observed; however on MS medium supplemented with 1 & 2 mg/1 BAP shoots were
initiated and the frequency of shoot formation was 21.66 and 26.00% respectively.
Supplementing NAA at0.25-0.5 mg/1 further enhanced the frequency of shoot formation
increased to 30.10 & 40.13 %respectively.

Regeneration from various seedling explants viz shoot tip, cotyledons, cotyledonary node of
mung on BAP supplemented medium has been reported earlier (Mathews, 1987; Gulati &
Jaiwal, 1992; Kaviraj & Rao, 2009; Mendoza, et al.,, 1999).there is only one report of
regeneration from callus cultures in mungbean (Rao, et al., 2005), similarly plantlets have
been regenerated from NaCl tolerant callus in many species like Citrus sinensis(Ben-Hyyim
& Goffer,1989) Brassica juncea (Jain, et al., 1991,Kerthi, et al., 1989; Sashimadan, et el., 1995)
Triticum durum(Zair, et al., 2003) Ipomea batats(He, et al., 2009) In the present study however,
it was noticed that the formation of shoots from NaCl tolerant callai was lower (14.00% than
that from NaCl-non selected calli (40.13%) and the number of multiple shoots per callai
piece was reduced to 3.33 from 14.80, a phenomenon reported earlier by few workers(Basu,
et al., 1997;Chen et al., 2001; Ochatt, et al.,1999; Queiros, et al., 2007; Zair et al., 2003).

4. Conclusions

In conclusion NaCl stress induces sever oxidative stress in mungbean callus where the
antioxidant defense system seemingly fails to combat with the stress induced oxidative
damage. However it is possible to select callus line tolerant to elevated levels of NaCl stress
by sudden exposure to high concentration of NaCl, accordingly a NaCl tolerant cell line was
selected from cotyledon derived callus of mung bean which proved to be a true cell line
variant. It can also be concluded that, the salt tolerant cell line could overcome the adverse
effect of NaCl and maintained better growth on NaCl supplemented medium when
compared to salt sensitive cell lines (controls). This conclusion is based on the following
observations (a) cells which have been removed from the selection pressure for at least four
passages retained tolerance to NaCl after transferring to NaCl (150 mM) medium (b) High
accumulation of proline was noticed in salt tolerant cell lines compared to salt sensitive cell
lines. (c)The activity of anti-oxidant enzymes was high. The results presented in this paper
suggest that the mechanism of enhanced tolerance in mungbean callus is via improved
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synergistic and protective effects of antioxidant enzyme like SOD, APX and CAT. It is also
concluded that the callus lines were able to grow in elevated concentration (150mM NaCl)
by maintaining membrane integrity, high levels of protein and proline ,which supports the
hypothesis that proline plays a significant role in protecting the cells from oxidative stress as
reported in other grain legumes like chickpea and pigeonpea.

5. References

Al-Naggar, AMM. Saker, MM. Shabana, R. Ghanem, SA. Reda, AH. & Eid, S. 2008 In vitro
selection and molecular characterization of salt tolerant canola plantlets Arab.]
Biotech 11(2): 207-218,

Basu, S., Gangopadhyay, G., Gupta, S. & Mukherjee, BB. 1996. Screening for cross tolerance
against related osmotic stress in adapted calli of salt sensitive and tolerance
varieties of rice. Phytomorphology. 46(4): 357-364

Basu, S.,gangopadhyay, G.,Mukherjee, BB. & Gupta, S. Plant regeneration of salt adapted
callus of indica rice (var.Basmati370) in saline conditions. Plant Tissue & Organ
Culture 50: 153-159.

Ben-Hayyim, G. &. Kochba, J. 1983 Aspects of salts Tolerance in a NaCl-Selected Stable Cell
Line of Citrus sinensis. Plant Physiol. 72: 685-690

Bhaskaran, S., Smith, RH. & Schertz, K. 1983 Sodium chloride tolerant callus of Sorghum
bicolor (L.). Z Pflanzenphysiol. 112: 459-463

Binzel, ML. Hasegawa, PM. Rhodes, RH. Handa, D. Handa, AK. & Raym, AB. 1987 Solute
Accumulation in Tobacco Cells adapted to NaCl. Plant Physiol. 84: 1408-1415

Binzel, MC. Hasegawa, PM. Handa, AK. & Bressan, RA. 1985 Adaptation of tobacco cells to
NaCl. Plant Physiol. 79: 118-125

Borochov, NH. & Borochov, A. 1991. Response of melon plants to salt 1: Growth.
Morphology and root membrane properties”, |. Plant Physiol. Vol. 139: Pp. 100-105

Bradford, M.M.: A rapid and sensitive method for quantification of microgram quantities of
protein utilizing the principle of protein dye binding. Anal Biochem 72: 248-254
1976

Chaudhuri P Sengupta RK Ghosh P 1997 In Vitro assessment of salinity tolerance in
Hordeum vulgare. Indian | Plant Physiol 2 (2): 123-126

Chen, R., Gyokusen, K. & Saito, A. 2001. Selection, regeneration and protein profile
characteristics of NaCl-Tolerant callus of Robinia pseudoacaia L. | For Res 6: 43-48

Croughan, TP., Stavarek, SJ., Rains, DW. 1978. Selection of a NaCl tolerant line of cultured
alfalfa cells. Crop Sci 18: 959-963

Dix, PJ. 1993. The role of mutant cell lines in studies on environmental stress tolerance an
assessment. Plant J 3: 309-313

Dix, PJ. & Pearce, RS. 1981 Proline accumulation in NaCl-resistent and sensitive lines of
Nicotiana sylvestris. Zeitschrift fur Planzen-schuts Physiologie 102: 243-248

Datta, KS., Kumar, A., Varma, SK. & Angrish, R. 1996 Effects of salinity on water relations
and ion uptake in three tropical forage crops. Indian | Plant Physiol 1: 102-108

Errabii, T., Gandonou, CB., Eassalmani, H. Abrini, J. Idaomar, M. & Skali-Senhaji, N. 2007.
Effect of NaCl and mannitol induced stress on sugarcane (Saccharum Sp.) callus
cultures. Acta Physiol Plant 29: 95-102

www.intechopen.com



In Vitro Selection of Salt Tolerant Calli Lines and Regeneration
of Salt Tolerant Plantlets in Mung Bean (Vigna radiata L. Wilczek) 209

Gadallah MAA 1999 Effect of proline and glycine-betaine on Visia faba responses tosalt
stress. Biol Plant 42: 247-249,

Gandonou CB Errabii T Abrani ] Idamora M Skali-senhaji 2006 N Selection of callus
cultures of sugarcane (Saccharum Sp.) tolerant to NaCl and their response to salt
stress. Plant Cell Tissue Organ Cult. 87: 9-16

Gangopadhyay G Basu S Mukherjee BB and Gupta S 1997 Effects of Salt and osmotic
Shocks on unadapted and adapted callus lines of tobacco. Plant Cell, Tissue Organ
Cult. 49: 45-52

Gosal SS and Bajaj YPS 1984. Isolation of sodium chloride resistant cell lines in some grain
legumes. Indian Journal of Experimental Biology 22: 209-214

Gosset DR Millhollon EP Cranlucs M Banks SW and Marney M 1994 The effects of NaCl on
antioxidant enzyme activities in callus tissue of salt tolerant and salt sensitive
cotton cultivars. Plant Cell Rep. 13: 498-503

Gossett DR Millhollon EP Lucas MC 1994 Antioxidant response to NaCl stress in salt-
tolerant and salt-sensitive cultivars of cotton. Crop Sci 34: 706-714

Greenway H Munns R 1980 Mechanism of salt tolerance in non- halophytes. Ibid. 31: 149-
190

Gu, R, Liu,Q., Pie, D. & Jiang, X. 2004 Understanding saline and osmotic tolerance of
Populus euphratica suspended cells. Plant Cell Tissue & Organ Culture 78: 261-265

Gulati, A. & Jaiwal,PK. 1992 In Vitro induction of multiple shoots and regeneration from
shoot tips of mung bean (  Vigna radiata L. Wilczke). Plant Cell Tissue & Organ
Culture 29: 199-205

Hasegawa, PM., Bressan. RA., Nelson, DE., Samaras, Y & Rhodes D. 1994. Tissue culture in
the improvement of salt tolerance in plants. In: Monographs on Theoretical and
Applied Genetics: Breeding plants with resistance to problem soils

Hasegawa, PM., Bressan, RA. & Handa, AK. 1980 Growth characteristics of NaCl selected
and non-selected cells of Nicotiana tabacum L. Plant and Cell Physiol. 21 (8): 1347-1355

Hassan NS and Willkins DA 1988 In vitro selection for salt tolerant lines in Lycopersicon
peruvianum. Plant Cell Reports. 7: 463-466

Hassan NM Serag MS El-Feky FM2004 Changes in nitrogen content and protein profiles
following In vitro selection of NaCl resistant mung bean and tomato. Acta
Physiologiae Plantarum. 26(2): 165-175

Hawkins HJ Lips SH1997 Cell suspension cultures of Solanum tuberosum L. as a model
system for N and salinity response. Effect of salinity on NOs- uptake and PM-
ATPase activity. | Plant Physiol 150: 103-109

Heath RL Packer L1968 Photo peroxidation in isolated chloroplasts 1. Kinetics and
stoichiometry of fatty acid peroxidation. Arch Biochem Bio Phys 125: 189-198

Hernandez, J.A., Olmos, E., Corpas,F.]., Sevilla,F.,Del Rio,LA Salt induced oxidative stress in
chloroplasts of pea plants Plant Sci. 105: 151-167,1995.

Hernandez JA Jimenez A Mullineaux P Sevilla F 2000 Tolerance of pea (Pisumsativum L.) to
long term salt stress is associated with induction of antioxidant defenses. Plant Cell
Environ. 23: 853-862

He, S., Han, Y. Zhai, H. & Liu, Q. 2007 In vitro selection and identification of sweetpotato
(Ipomoea batatas (L.) Lam.) Plants tolerant to NaCl. Plant Cell Tissue Orga Cult. 96:69-
74

www.intechopen.com



210 Biotechnology - Molecular Studies and Novel Applications for Improved Quality of Human Life

Hossain, Z., Azad, AK., Datta, M SK. & Biswas, AK. 2009 Development of NaCl-tolerant line
in Chrysanthemum morifolium Ramat. Through shoot organogenesis of selected
callus line. Biotechnology. 129(4): 658-667

Jain, RK., Dhawan, RS., Sharma, DR. & Chowdhury, JB. 1987 salt tolerance and proline
accumulation: a comparative study in salt tolerant and wild type cultured cells of
egg plant. Plant Cell Reports 6: 382-384

Jain, M., Mathur, G., Koul, S. & Sarin,NB. 2001 Ameliorative effects of proline on salt stress-
induced lipid peroxidation in cell lines of groundnut (Arachis hypogaea L.) Plant Cell
Rep 20: 463-468

Jaiswal R Singh NP 2001 Plant Regeneration from NaCl Tolerant Callus/Cell Lines of
Chickpea. ICPN 8: 21-23

Karadimova M Djambova G 1993 Increased NaCl - tolerance in wheat (Triticum aestivm L.
and T. durum desf.) through in vitro selection. In vitro Cell Dev Biol 29: 180-182.

Kavi Kishor, PB & Reddy, GM. 1985. Resistance of rice Callus Tissues to Sodium Chloride
and Polyethylene Glycol. 59:1129-1131

Kavi Kishor, PB. ; Sangam. S.; Amrutha, RN.; Sri Laxmi, P. ; Naidu, KR.; Rao, KRSS., Rao,S.
Reddy, KJ., Theriappan & Sreenivasulu, N. 2005 Regulation of proline biosynthesis,
degradation, uptake and transport in higher plants: Its implications in plant growth
and abiotic stress tolerance. 88(3): 424-43.

Kaviraj, CP. & Rao, S. 2009. High frequency of plant regeneration from cotyledonary node
explants of green gram (Vigna radiata L.)-A recalcitrant grain legume. The Bioscan
4(2): 267-271.

Kumar V Sharma DR Isolation and characterization of sodium chloride resistant callus
cultures of Vigna radiata (L.) Wilczek. var. radiata. | Expt Botany 40: 143-147

Kumar KB Khan PA Peroxidase and Polyphenol oxidase in excised ragi (Elaucine coracona
cv. 2020 leaves during senescence Indian | Expt Botany. 20: 412-416 1982

Liu, T & Vanstadn, J. 2000 Selection and characterization of sodium chloride-tolerant callus
of Glycine max (L.) Merr cv. Acme. Plant Growth Regulation 31: 195-207

Lutts, S., Majerus, V. & Kinet, JM. 1999. NaCl effects on proline metabolism in rice (Oryza
sativa) seedlings. Physiol. Plant. 105: 450-458.

Miki Y Hashiba M Hisajima S 2001 Establishment of salt stress tolerant rice plants through
step-up NaCl treatment in vitro. Biol. Plant. 44: 391-395

Mathews, H., 1987 Morphogenetic responses from In Vitro cultured seedling explants of
mungbean (Vigna radiata L. Wilczek) plant cell Tissue & organ Culture. 11, 233-240.

Murashige, T. & Skoog, F. 1962 A revised medium for rapid growth and bio assays with
tobacco tissue cultures. Plant Physiol. 15: 473-497,

Nabors, MW., Gibbs, SE., Bernstein, CS. & Meis ME. 1980. NaCl tolerant plants from
cultured cells. Z. Pflanzenphysiol. 97: 13-17.

Naik, GR. & Harinath Babu, K. 1987 In vitro response of sugarcane to salinity tolerance. 37th
convention D.S.T.A. 187-194.

Nakona, Y., Asada, K.: Hydrogen peroxide is scavenged by ascorbic specific peroxidase in
spinach chloroplasts. Plant Cell Physiol. 22: 867-880, 1981.

Ochatt, SJ ; Marconi, P.L., Radice, S., Arnozis, P.A., Caso, O.H.: In vitro recurrent selection of
potato: production and characterization of salt tolerant cell lines and plants. Plant
Cell, Tissue and Organ Culture. 55: 1-8, 1999.

www.intechopen.com



In Vitro Selection of Salt Tolerant Calli Lines and Regeneration
of Salt Tolerant Plantlets in Mung Bean (Vigna radiata L. Wilczek) 211

Pandey, R., Ganapathy, P.S.: Effect of Sodium Chloride stress on callus cultures of Cicer
arietinum L. Cv. BG. 203: Growth and Ion accumulation. Journal. Exp. Botany. 157
(35): 1194-1197, 1984

Patil, P. & Rao S. 1999 Selection and characterization of NaCl tolerant callus cultures of
Vigna radiate (L.) Wilczek. Plant Tissue Culture and Biotechnology Emerging Trends.

Petrusa, LM. & Winicov, 1. 1997 Proline status in salt tolerant and salt sensitive alfalfa cell
line and adapted plants in response to NaCl. Plant Physiol Biochem 35: 303-310.

Pius, ]J., Eapen, S., George, L. & Rao, P.S. Isolation of sodium chloride tolerant cell lines and
plants in finger millet. Biologia Plantarum. 35(2): 267-271 1993.

Queiros, F., Fidalgo, F., Santos, 1., Salema, R. In vitro selection of salt tolerant cell lines in
Solanum tuberosum L. Biologia Plantarum. 51(4): 728-734, 2007.

Rao Srinath, Patil, P. 1998 Effect of sodium chloride on callus culture of Cicer arietinum L.
Bulletin of pure and Applied Sciences. 17B (2): 81-87.

Rao, Srinath, Patil, P. & Kaviraj, CP. 2005 Callus induction and organogenesis from various
explants in Vigna radiata (L.) Wilczek. Indian Journal of Biotechnology. 4: 556-560.

Rout, G.R., Senapatil, S.K., Panda, ].J.: Selection of Salt tolerant Plants of Nicotiana tabacum L.
Through In vitro and its biochemical characterization. Acta Biologica Hungarica.
59(1): 77-92, 2008.

Rhodes, D., Verslues, P.E., Sharp, R.E.: Role of amino acids in abiotic stress resistance. In:
Singh, B.K. (Ed.) Plant amino acids: Biochemistry and Biotechnology. Arcel Dekker,
N.Y. pp 319-356.

Rus, A.M., Panoff, M., Perez-Alfocea, F., Bolarin, M.C.: NaCl response in tomato calli and
whole plants. ]. Plant Physiol. 155: 727-733, 1999.

Sairam, R.K.,, Srivastava, G.C., Agarawal, S., Meena, R.C. Differences in antioxidant activity
in response to salinity stress in tolerant and susceptible wheat genotypes. Biologia
Plantarum 49 (1): 85-91, 2005.

Shigeoka, S., Ishikawa, T., Tamoi, M., Miagawa, Y., Takeda,T., Yabuta, Y., Yoshimora, K.:
Regulation and function of ascorbate peroxidase isoenzymes. J. Exp.Bot. 53: 1305-
1319, 2000.

Shashi Madan, Nainawatee, HS., Jain, RK. & Chowdhury, JB. 1995. Proline and Proline
metabolizing enzymes in-vitro Selected NaCl-tolerant Brassica juncea L. under Salt
Stress. Annals of Botany. 76:51-57

Singh, M., Jaiswal, U., Jaiswal, V.S.: In Vitro selection of NaCl-Tolerant callus lines and
regeneration of plantlets in a bamboo (Dendrocalamus strictus Ness.) Biol-Plant. 39:
229-233, 2003.

Subhashini, K. & Reddy, GM. In vitro selection for salinity and regeneration of plants in rice.
Current Science. 58: 584-586.

Sumithra, K., Jutur, K., Dalton-Caramel, B. & Reddy, A.R. 2006. Salinity induced changes in
two cultivars of Vigna radiata: response of antioxidative and proline metabolism.
Plant Growth Regul. 50: 11-22.

Tal, M., Katz, A., Heikin, M. & Dechan, K. 1979 Salt tolerance in the wild relatives of the
cultivated tomato: Proline accumulation in Lycopersicon esculentum Mill.
L.peruvianum Mill., and Solanum pennelli Cor. Treated with NaCl and polyethylene
glycol. New Phytol. 82: 349-355

Tal, M. 1994. In vitro selection for salt tolerance in crop plants: Theoretical and practical
considerations. In vitro Cell Dev. Biol. 30: 175-180.

www.intechopen.com



212 Biotechnology - Molecular Studies and Novel Applications for Improved Quality of Human Life

Thomas, JC., Armond, RL. and Bonnert, HJ. 1992. Influence of NaCl on growth, proline and
phosphenol pyruvate carboxylase levels in Mesembryanthemem crytalinum
suspension cultures. Plant Physiol 98: 626-631.

Tyagi, RK. & Rangaswamy, NS.1997 In vitro induction and selection for salt tolerance in
oilseed brassicas and regeneration of the salt tolerant soma clones. Phytomorphology.
47(2): 209-220

Venkataiah, P., Christopher, T. & Subhash K. 2004 Selection and characterization of sodium
chloride and mannitol tolerant callus lines of red pepper (Capsicum annuum L.)
Plant Physiol. 9(2): 158-163

Watad, AA., Reinhold, L., Lerner, HR. 1983 Comparison between a Stable NaCl-Selected
Nicotiana Cell Line and the Wild Type. Plant Physiol 73: 624-629

Winicov, I. 1991. Characterization of salt tolerant alfalfa (Medicago sativa L.) plants
regenerated from salt tolerant cell lines. Plant Cell Reports 10: 561-564

Winicov, I. & Bastola, DR. 1997 Salt tolerance in crop plants: new approaches through tissue
culture and gene regulation. Acta Physiol Plant 19(4): 435-449

Yasar, Ellialyioglu, S. and Kusvuran,S. 2006 Ion and lipid peroxide content in sensitive and
tolerant eggplant callus cultured under salt stress. Europ | Hort Sci 71(4): 169-172

Zair,I., Chlyah, A., Sabounji K., Tittahsen,M & Chlyah, H. 2003 Salt tolerance improvement
in some wheat cultivars after application of in vitro selection pressure. Plant Cell
Tissue & Organ Culture 73: 237-244
Zhao, Y., Aspinall, D. & Palge, LG. 1992 Protection of membrane integrity in
Medicago sativa (L.) by glycinebetaine against the effects of freezing. | Plant Physiol
140: 541-543

www.intechopen.com



Biotechnology - Molecular Studies and Novel Applications for
Improved Quality of Human Life
Edited by Prof. Reda Sammour

ISBN 978-953-51-0151-2

Hard cover, 250 pages

Publisher InTech

Published online 14, March, 2012
Published in print edition March, 2012

This book deals with the importance of application of molecular biology as an approach of biotechnology for
improvement of the quality of human life. One of the interesting topics in this field, is the identification of the
organisms that produce bioactive secondary metabolites. It also discusses how to structure a plan for use and
preservation of those species that represent a potential source for new drug development, especially those
obtained from bacteria. The book also introduces some novel applications of biotechnology, such as
therapeutic applications of electroporation, improving quality and microbial safety of fresh-cut vegetables,
producing synthetic PEG hydro gels to be used as an extra cellular matrix mimics for tissue engineering
applications, and other interesting applications.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Srinath Rao and Prabhavathi Patil (2012). In Vitro Selection of Salt Tolerant Calli Lines and Regeneration of
Salt Tolerant Plantlets in Mung Bean (Vigna radiata L. Wilczek), Biotechnology - Molecular Studies and Novel
Applications for Improved Quality of Human Life, Prof. Reda Sammour (Ed.), ISBN: 978-953-51-0151-2,
InTech, Available from: http://www.intechopen.com/books/biotechnology-molecular-studies-and-novel-
applications-for-improved-quality-of-human-life/in-vitro-selection-of-salt-tolerant-calli-lines-and-regeneration-
of-salt-tolerant-plantlets-in-mung-

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




