Electrolyte leakage


Protocol IV: Electrolyte leakage test

The first part of this protocol describes the use of electrolyte leakage test to determine freezing induced damage in leaves of cold treated plants.  The second part describes the use of electrolyte leakage measurements with the PEG-infused plate system (Protocol I) to determine low water potential-induced damage of Arabidopsis seedlings.  Both of these procedures can be adapted to measure the damage caused by other abiotic stress treatments.

Procedure 1:  Determination of freezing damage by electrolyte leakage

 This protocol has the basic elements of the protocol described by Sukumaran and Weiser (1972) and later modified by Ristic and Ashworth (1993). This protocol has been further modified and used effectively to determine tolerance of many mutants in our lab (Ishitani et al, 1998; Guo et al, 2002).  Many mutations or transgenic modifications may affect the ability of the plant to cold acclimate instead of, or in addition to, any effect on the basal level of cold tolerance.  Therefore, it is often of use to compare both cold-acclimated (see Protocol III for cold acclimation procedure) and non-acclimated plants of each genotype under study. 

1. Excise fully developed leaves of acclimated or non-acclimated plants at the base of the petiole and place in 13x100 mm glass tubes containing 100 (l of deionized water.

Note: 
It is important to have leaves at the same leaf number and stage from different plants as the tolerance is dependent on leaf order and developmental stage (Takagi et al, 2003). 

2. Place the tubes in a circulating water bath at 0 oC and incubate for 30 min to allow temperature equilibration.

Note: The water bath should be capable of programmed temperature control .

3. Decrease the temperature of the water bath to -12 oC at a rate of 2 oC per hour.  When the temperature reaches -1 oC, add tiny pieces of ice to each tube for ice nucleation.

4. Remove the tubes from the water bath at intervals of 1 or 2 oC.  Typically, this is done over the range from -3 oC to -10 or -12 oC. For each genotype and temperature treatment there should be at least three tubes as replicates.

5. Place the tubes immediately on ice for gradual thawing. This normally takes place over 12-16 h and can be done overnight.

6. Transfer the contents of each tube to a larger tube containing 25 ml of deionized water.  This transfer should be done carefully to avoid mechanical damage to the leaf that would increase the amount of ion leakage.  Transfer can typically be done by first adding 5 ml of water to the original tube containing the leaf and then pouring the entire contents into a larger tube containing 20 ml of water.

7. Shake the tube containing the solution and the leaflet overnight at 22 oC.

8. Measure the conductivity of the solution in each tube

9. Cap the tubes (to minimize evaporation), autoclave and cool.

10. Measure the conductivity of the solution in each tube.

11. Calculate the percentage of electrolyte leakage as the ratio of the conductivity before autoclaving to that after autoclaving.  It is assumed that the conductivity after autoclaving represents complete (100%) electrolyte leakage.

Procedure 2: Determination of low water potential-induced damage by electrolyte leakage

The following procedure is for the determination of ion leakage of seedlings that have been subjected to low water potential treatment using the PEG-infused plates described in Protocol 1.  It has been used to demonstrate that the recently isolated lwr2 mutant has increased ion leakage compared to wild type after low water potential treatment (P.E. Verslues and E.A. Bray, unpublished data)

Procedure:

1. Seedlings of each genotype of interest are plated on half strength MS plates overlaid with mesh and transferred to PEG-infused plates after 5 to 7 days of growth following Protocol I.  Each genotype should be on a separate plate (60 mm diameter plates work well) and at least 3 plates per genotype per treatment should be used.

2. Prepare mannitol rinse solutions of the same water potential as the PEG-infused plates by dissolving the appropriate amount of mannitol indicated by chart below in deionized water.

	Water Potential
	g/liter Mannitol
	use with PEG plates prepared using this amount of PEG (g PEG/liter overlay solution; Protocol I)

	-0.25
	  18.2
	0

	-0.50
	  36.4
	250

	-0.75
	  54.7
	400

	-1.20
	  87.5
	550

	-1.70
	120.4
	700


3. Label an appropriate number of test tubes (18 x 150 mm glass tubes) and add 10 ml of deionized water to each tube.

4. Lift the mesh and seedlings off of the plate using forceps and transfer to a shallow tray (the lid of a larger Petri dish works well).  

5. Pour a small volume ( 5 to 10 ml) of mannitol rinse solution over the seedlings (use the rinse solution of the same water potential as the plate the seedlings were growing on).  Make sure that all seedlings are submerged and quickly (less than or ~ 5 seconds) pour off the rinse solution.  Repeat rinse one time more in the same manner. 

6. Use forceps to fold the mesh over on itself with the seedlings inside.  Pick up the mesh, drain off as much liquid as possible.  The mesh and seedlings can also be very gently blotted on Kimwipe or similar tissue to remove liquid adhering to the mesh but care should be taken to avoid damage to the seedlings.

7. Transfer mesh and seedlings to a tube containing deionized water and incubate at room temperature for 30 to 60 minutes.

8. Measure conductivity of the solution in each tube.

9. Cap the tubes and autoclave taking care to avoid evaporation.

10. Measure conductivity of the solution in each tube.

11.  Calculate the relative electrolyte leakage by dividing the initial conductivity reading by the reading after autoclaving. 

Notes:

(Greater than 50 mg of seedling tissue should be used for each measurement.  The exact amount is not critical but if smaller amounts of tissue are used, the data will be more variable.

(Rinsing is required to remove electrolytes from the surface of the seedlings.  Use of a nonelectrolyte solution of the same water potential as the media prevents damage from rapid rehydration or dehydration of the seedlings by the rinsing procedure and minimizes the amount of water and electrolytes lost from the seedlings during the rinsing procedure.

(The mesh used is a coarse nylon netting (with openings of about 1 mm between the strands of mesh).  Use of other mesh is possible but a coarse mesh is recommended to minimize retention of solution on the mesh.  The mesh and blotting of the seedlings are similar to that used in the ABA and relative water content measurements described in Verslues and Bray (2004).

(Electrolyte leakage measurements can be performed at early times (8 to 24 h) after transfer of seedlings to PEG-infused plates to determine the initial degree of damage caused by transfer to low water potential.  Measurements can also be done at later times (96 h or longer) after transfer to measure the ability of the seedlings to recover from any initial damage caused by the low water potential treatment.
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