                                   3. MATERIALS AND METHODS

The present investigation entitled “Studies on molecular mechanism of salt tolerance in Clusterbean (Cyamopsis tetragonoloba L.)” was conducted at Plant Biotechnology Centre, Swami Keshwanand Rajasthan Agricultural University, Bikaner. In order to achieve the objectives of present investigation, the experiments were planned and executed as described under-
3.1 Materials

3.1.1. Plant Material
The experimental material for the present investigation consisted of five genotypes of Clusterbean (Cyamopsis tetragonoloba L.) (Table 3.1) 

Table 3.1: Genotypes of Clusterbean (Cyamopsis tetragonoloba L.) used in the study
	S. No.
	Genotype

	1
	M 83

	2
	RGC 1066

	3
	RGC 1003

	4
	RGC 936

	5
	BS 936


3.1.1.1. Chemicals
All the chemicals used were of Himedia Laboratories Pvt. Ltd., Mumbai and Sigma Chemicals Co., USA. For all the experiments, double distilled water was used. All the glassware’s used in the present study were thoroughly cleaned, rinsed and dried at 1800C overnight before use. All reagents, solutions, Ependroff tubes and tips were sterilized at 15 psi, 1210C for 20 minutes in an autoclave.
3.1.1.2 Glassware

Borosil grade glassware’s were used for all the experiments. Oven dried (2500C) flasks, pipettes, petridishes, beakers, volumetric flasks and measuring cylinders were used for media preparations.

3.1.1.3 Sterilization

For sterilization, the culture medium was poured in flasks and plugged with cotton and wrapped with aluminum foil. Autoclaving was done at 15 psi (1.06 kg/cm2), 1210C for 20 minutes and stored at 27 ( 20C. 
3.2 Methods
3.2.1 Screening of germplasm

For in vitro screening, seeds of Clusterbean (Cyamopsis tetragonoloba L.) were grown in plastic pots filled with vermiculite soil saturated with ¼ MS (Murashige and Skoog, 1962) liquid media at 30º C. Control plants were supplied with normal water (40 ml) given on alternate days. In order to develop salt stress a solution of NaCl @ 5% 10% and 15% were applied after 12 days of germination. All the observations were taken after 12 days of salt treatment. 
Visual observations were recorded as desiccation symptoms developed in the plants. Data was recorded for root length, shoot length, root fresh weight, shoot fresh weight, root dry weight, shoot dry weight, chlorophyll and carotenoid contents, cell membrane stability and activity of antioxidant enzymes APX, GPX, CAT and SOD was also measured, consequently.
Germination and Growth Parameters

3.2.1.1 Seedling length

The shoot length and root length (cm) were measured at 12 days after salt treatment with the help of a meter scale.
3.2.1.2 Fresh Weight of Root and shoot
Fresh weight of the root and shoot samples was taken with the help of weighing balance,  just after extracting them from soil and separating at juncture.

3.2.1.3 Dry weight of root and shoot

Both the root and shoot of each plant were dried to constant weight in an oven after putting them separately in a pre-weighed butter paper bag. Dry weight of the root and shoot samples was taken with the help of weighing balance along with the bag. Dry weight was then calculated.
3.2.2 Physiological Parameters

3.2.2.1 Cell Membrane Stability Index (CMSI)

 Cell Membrane Stability Index (CMSI) in all five genotypes were determined according to the method of Premchand et al., (1990) as modified by Sairam, (1994). Leaves (200 mg) of control and salinity treated plants were thoroughly washed in double distilled water and thereafter placed in 25 ml of double distilled water at 45◦C for 30 minutes.  After the end of this period their electrical conductivity was recorded by conductivity bridge (C1).  Subsequently, the same samples were placed on boiling water bath (100◦C) for 10 minutes and their electrical conductivity was recorded as above (C2). The Cell Membrane Stability Index (CMSI) was calculated as:

                               CMSI = [1- (C1/C2)] x 100

3.2.2.2 Chlorophyll and Carotenoid Contents

The total chlorophyll content (the sum of chlorophyll ‘a’ and chlorophyll ‘b’) was estimated according to the method of Hiscox and Israelstom, (1968). Sample extract was prepared from 50 mg of leaf with 5 ml of DMSO (Dimethyl sulphoxide). Thereafter this sample was placed in an oven at 60°C for 24 hrs.

Finally, the absorbance (A) of chlorophyll ‘a’ and ‘b’ was measured at 663 and 645 nm respectively. The total chlorophyll content in mg fresh weight was calculated as:

               Total chlorophyll (mgg-1) = 20.2 A645 + 8.02 A663

Where,

A645 and A663 are absorption maxima of chlorophyll ‘b’ and ‘a’, respectively. From this value, chlorophyll content in mg g-1 of fresh weight of the leaf sample was calculated using the expression:
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The carotenoid content was calculated by using the following formula:

Carotenoid (mg g-1) = D x V x F x 10/2500

Where, D is absorbance at 450 nm in a cuvette of 1 cm light path

 V is volume of the original extract in ml

 F is dilution factor 

 2500 is average extinction coefficient of the pigment (in DMSO solvent)

3.2.3 Antioxidants
3.2.3.1 Enzyme Extraction

Leaf sample (0.5 gm fresh wt.) was homogenized in ice-cold 50 mM potassium phosphate buffer (pH 7.0) containing 0.1 mM ethylene di-amine tetra acetic acid (EDTA) and 1% polyvinyl -pyrrolidone (PVP). The homogenate was filtered through four layers of cheese cloth and then centrifuged at 4 °C for 20 min at 15000 g. The supernatant was collected and an appropriate aliquot dilution of the crude extract was used for enzyme assays. All operations for enzyme extraction were performed at 0 to 4 °C on ice.

3.2.3.2 Enzyme Quantification (Bradford, 1976)

The concentration of extracted enzyme was determined by the following assay. 

(i.) 0, 10, 20, 30, 40 µl of standard protein (Bovine Serum Albumin 1mg/ml) was taken in separate test tubes.
(ii.) The volume was adjusted to 200 µl by adding double distilled water.
(iii.) 1800 µl of Bradford reagent was added, mixed and kept at 37◦C for 10 min.
(iv.) Absorbance was measured at 595 nm.
(v.) Similarly, 20µl of extracted enzyme was diluted in 180 µl of dd H2O and 1800 µl of Bradford reagent was added to 200 µl of above diluted samples in a test tube.
(vi.) The mixture was allowed to cool and absorbance was measured at 595 nm.
(vii.) Graph was drawn through excel sheet of Microsoft software between concentration of standard protein and absorbance. The quantities of unknown samples were measured on the basis of standard curve and dilution factor, through formula generated through excel sheet.
3.2.3.3 Catalase Activity (CAT, Chance and Maehly, 1955)

Catalase activity was measured by following the decomposition of H2O2 at 240 nm (coefficient of absorbance, ε = 39.4 mM-1 cm-1) in a reaction mixture containing 50 mM phosphate buffer (pH 7.0), and 15 mM H2O2 for 2 min. Enzyme activity was expressed as μmol of H2O2 decomposed min-1 mg-1 (protein).
Reagents

1. Phosphate Buffer (50mM): Potassium hydrogen phosphate (0.2 M) was prepared by dissolving 27.218 g of it in 1000 ml dH2O. Potassium di-hydrogen phosphate (0.2 M) was prepared by dissolving   34.836 g of it in 1000 ml dH2O. Potassium hydrogen phosphate and Potassium di-hydrogen phosphate were volumetrically mixed in the ratio of 72:28 and pH was adjusted to 7.2.

2. H2O2 (6.66mM): 13.6 µl of 30% H2O2 was diluted to 20 ml with dH2O.

3.2.3.4 Ascorbate Peroxidase Activity (APX, Nakano and Asada, 1980)
APX activity was measured by following the decrease in absorbance at 290 nm due to ascorbate oxidation (ε = 2.8 mM-1 cm-1) in a reaction mixture containing 50 mM phosphate buffer (pH 7.0), 0.5 mM ascorbic acid, 0.1 mM H2O2 and 0.1 mM EDTA for 1 min. Enzyme activity was expressed as mmol (ascorbate oxidised) min-1 mg-1 (protein).
Reagents

1. Phosphate Buffer (50 mM): as described under catalase. 
2. H2O2 (6.66mM): as described under catalase. 
3. Ascorbic Acid (0.5M): 4.4 mg dissolved in dH2O and volume was made up to 100 ml.
4. EDTA (2mM): 0.0358 g dissolved in dH2O and volume was made up to 100 ml.
3.2.3.5 Guaiacol Peroxidase Activity (GPX, Chance and Maehly, 1955)

For GPX, the oxidation of guaiacol was measured by following the increase in absorbance at 470 nm (ε = 26.6 mM-1 cm-1) for 1 min. The assay mixture contained 50 mM phosphate buffer (pH 7.0), 0.1 mM EDTA, 10 mM guaiacol and 10 mM H2O2. GPX activity was expressed as µmol (tetra guaiacol formed) min-1 mg-1(protein).
Reagents
1. Phosphate Buffer (50 mM): as described under catalase.
2. H2O2 (50 mM): 102.04µl of 30% H2O2 was diluted to 20 ml with dH2O.
3. EDTA (2mM): 0.0358 g dissolved in dH2O and volume was made up to 100 ml.
4. Guaiacol (50 mM): 55 µl of guaiacol was diluted to 10 ml with dH2O.
3.2.3.6 Superoxide Dismutase Activity (SOD) (Dhindhsa et al., 1981)

Enzyme extract for SOD was prepared by grinding 0.5 g leaf material with 10 ml of chilled 0.1M potassium phosphate buffer (pH 7.5) containing 0.5mM EDTA. The extract was filtered through cheese cloth and the filtrate was centrifuged in a refrigerated centrifuge for 15 min at 20,000 g. The supernatant was taken as crude enzyme extract. All operations were carried out at 4°C. The 3.0 ml reaction mixture contained 13mM methionine, 25 mM nitrobluetetrazolium chloride (NBT), 0.1 mM EDTA, 50 mM phosphate buffer (pH 7.8), 50 mM sodium bicarbonate and an aliquot of the enzyme extract. 

Reaction was initiated by adding 2 µM riboflavin and placing the tube below 2 x 15 W fluorescent lamp for 15 minutes. Reaction was stopped by switching off the light and covering the tube with black cloth. Tubes without enzymes developed maximum colour. A non-irradiated complete reaction mixture did not develop any colour and served as control. Absorbance was recorded at 560 nm and one unit of enzyme was taken as that quantity of enzyme, which reduced the absorbance reading by 50% in comparison to the tubes lacking enzyme.
Reagents

1. 200 mM L-Methionine: 0.298 g of L-Methionine dissolved in dH2O and volume was made upto 10 ml.

2. 2.25 mM NBT: 0.0184 g of NBT (nitrobluetetrazolium) was dissolved in dH2O and volume was made upto 10 ml and kept air tight.
3. 60 µM Riboflavin: 0.0023 g of riboflavin was dissolved in dH2O and volume was made upto 100 ml and stored in amber coloured bottles.

4. 1.5 M Na2Co3: 1.59 g of Na2Co3 was dissolved in dH2O and volume was made up to 10 ml.

5. EDTA (3 mM): 87.675 mg dissolved in dH2O and volume was adjusted to 100 ml.
3.3 Protein profiling
Protein was extracted from normal and salt stressed leaves of cluster bean plant. 

Table 3.2:  Composition of protein extraction buffer
	0.5 M Tris-HCl
	        2.5 ml

	Urea
	        9.6 gm

	SDS
	        1.0 gm

	Glycerol
	        4.0 ml

	BME
	         500 (l


           Total volume was made to 20 ml by adding dd H2O

Procedure for protein extraction 
1. 500 mg of leaves were grounded in 800 (l of buffer using chilled mortal and pastel.

2. Ground material was collected in eppendorf tube using clean spatula.

3. Samples were then centrifuged at 15000 rpm for 10 min.

4. Supernatant was collected in fresh tube.

5. Samples were kept in boiling water for 5 min to denature the protein.

6. These protein samples were stored at -20 0C.

7. This supernatant was used as a sample for polyacrylamide gel electrophoresis.

3.3.1 Sample preparation for SDS-PAGE

Electrophoresis of equal volume of protein extracted from equal quantity (0.5 gm) of leaf was carried out on 12 percent polyacryamide gel. Since amount of leaves and buffer were same in all samples, it was assumed that quantity of protein in mg/ml is as per expression level of proteins.

In order to load protein samples properly for SDS-PAGE, the extracted protein samples were mixed with 10 x bromophenol blue dye.

The sample so prepared contained, 34 (l of extracted protein and 2(l of 10 x bromophenol blue dye.

3.3.2 Preparation of polyacrylamide gel (Sambrook et al., 1989)

In order to resolve various leaf polypeptides, SDS-PAGE was conducted using 12 percent resolving gel prepared as under –

1.  Glass plates and spacers were properly cleaned with dd H2O followed by spirit.

2. Whole cassette of glass plate and spacers were assembled properly using vaseline or tape at the bottom of cassette to prevent leakage of gel solution.
3. Separating gel solution for 12 per cent gel (Table 3.3) was prepared in conical flask.                                                                                                                                                                                                                                                                                                                                                                                                                                      4. Separating gel solution was then poured in the chamber between the glass plates leaving the space for stacking gel. Distilled water was overlaid to form about a 2-5 mm layer and allowed set for 30 minutes. 

Table 3.3 Solution components for resolving and stacking gel
	Gel Components
	12 percent (25) ml resolving gel
	5 percent (5) ml stacking gel

	dd H2O
	8.2
	3.4

	30% polyacrylamide (29 : 1)
	10.0
	0.83

	1.5 M Tris - HCl pH 8.8 
	6.3
	-

	1 M Tris- HCl pH 6.8
	-
	0.63

	10% SDS
	0.25
	0.05

	10% APS
	0.25
	0.05

	TEMED
	0.01
	0.005


5. Stacking gel (5 percent) solution (Table 3.3) was prepared without APS and TEMED before the above step. 

6. On polymerization of the separating gel, the water overlay was carefully removed by filter paper suction with pipette.

7. Immediately, after removing the overlaying water from cassette, APS and TEMED was added in stacking gel and poured on the surface of the separating gel.

8. Teflon comb was placed in stacking gel.

9. The comb was removed carefully after 10 minutes and washed the wells with dd H2O to remove air bubbles.

10. Gel was allowed to polymerize for 2 hr at room temperature.

11. The gel assembly was removed from the casting stand and snapped into the cooling core.

12. Cooling core with clamped gel plates and one dummy plate was placed in vertical electrophoresis tank. 

13. Prepared samples were then loaded in the wells with protein molecular weight marker at one end.

14. Upper and lower tanks were then filled with Tris-glycine buffer (1X) to complete the circuit.

15. The power supply was turned to 100 V, till the samples were in stacking gel then turned to 200 V, until the bromophenol blue reached the bottom of the resolving gel.

16. After completion, the power supply was turned off and the cooling core unit was pulled out from electrophoresis tank and gel was detached from glass plates.

3.3.3. Staining of the gel
Gels were stained by Coomassie brilliant blue staining as-

1. The gel was placed in Coomassie Brilliant Blue stain for overnight.

2. After complete staining gel was destaned in destaining solution on a slowly rocking platform and change the destaining solution 3 to 4 times, till the background became quite clear.

3.3.4   Gel Analysis of SDS-PAGE

The clearly visible polypeptide bands were recorded against corresponding proteins/polypeptides of known molecular weight markers. Photographs of bands were taken for all samples.
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