Preparation of PEG-infused plates


Protocol I: Preparation of PEG-infused plates for low water potential treatment.

Because PEG cannot be dissolved in agar before pouring plates (the PEG prevents polymerization of the agar) the following method of pouring an agar plate without PEG and then putting a PEG-containing overlay solution on top of the solidified agar can be used to prepare PEG-infused plates.  MES buffer is added to stabilize the pH of the media and to avoid having to readjust the pH after adding PEG.  This protocol is modified from that of van der Weele et al. (2000) and is also described by Verslues and Bray (2004).

PEG-infused plates must be allowed to sit at least overnight (12 to 15 hours) before they are to be used.  This is to allow time for the PEG to diffuse into the agar.  The plates can be prepared earlier but then must be stored in such a way (inside a container with wet paper towels or wrapped in plastic) that water loss from the plates is prevented.  This is especially important if the small (60 mm diameter) plates are used.  

Step 1: Prepare solution, agar plates and solution for PEG overlay:

	
	Per liter of media

	MS salts (half-strength)
	2.2 g

	MES buffer (6 mM)
	4.2 g


(Prepare an appropriate volume of ½ MS for both the agar media and PEG overlay for the number of plates needed (see below for volume of agar media and PEG solution to use per plate) and adjust to pH 5.7.  To the solution used to prepare the agar plates, add 15 g per liter agar.  To the solution used for the PEG overlay, do not add agar but instead autoclave directly (include stir bar and preferably use a wide-mouth container covered with foil to facilitate adding the PEG; PEG will be added after autoclaving. 

(Autoclave the media 

(Pipette (in sterile hood) an exact volume of agar into each plate.  Measuring the volume of agar media here is essential as this will determine the final water potential of the plates.  

Volumes to use:


Small plate (60 mm diameter x 20 mm depth)

10 ml


Regular plate (100 mm x 20 mm round, or 100 mm square)
20 ml


Large plate (150 mm diameter)



40 ml

(Allow agar to solidify.

Step 2:  Prepare low water potential overlay solution:

( Weigh out an appropriate amount of solid PEG according to the following chart and add to the overlay solution after autoclaving.  This is best done while the solution is still hot; briefly uncover the solution, add PEG, replace cover and stir until PEG is dissolved and solution cools.  In our hands, this does not introduce significant microbial contamination to the media.

	Final water potential of the PEG-infused plate (MPa)1
	PEG added per liter of media to make the overlay solution (g)2,3

	-0.25
	0

	-0.5
	250

	-0.7
	400

	-1.2
	550

	-1.7
	700


1: It is advisable to check the water potential values of the plates periodically using a vapor pressure osmometer or psychrometer.  PEG does not behave as an ideal solute, therefore water potential values must be measured empirically and cannot be calculated from the van’t Hoff equation.  The water potential values are for the plates, not for the overlay solutions themselves which are of lower water potential and are diluted by the high water potential media of the plate.  

2: Amounts of PEG listed are for 1 l of media before adding PEG.  Significant volume expansion of the solution will occur in the -0.7, -1.2 and -1.7 MPa solutions but no adjustment of the final solution volume is needed.  After these solutions are added to the agar plate, they are diluted by equilibration with the agar; therefore, the final concentration of PEG in the PEG-infused plates will be less than the values shown here.

3: These values are for PEG-8000 (Sigma Catalog number P-2139 or the same molecular weight from other suppliers). 

Step 3:  Add PEG overlay solution to the agar plates

(Pipette the appropriate volume (following the chart below) of PEG overlay solution onto the top of each solidified agar plate.  To achieve the water potentials listed in the table above, the volume ratio of agar to PEG overlay solution volume is always 2:3.

	Plate size
	Volume of agar

(mL)
	Volume of PEG solution (mL)

	Small (60 mm diameter)
	10
	15

	Regular (100 mm diamter)
	20
	30

	Large (150 mm diameter)
	40
	60


Step 4:  Equilibrate and use
(Allow the plates to equilibrate at least overnight (or longer if kept in proper storage).  If storing plates longer than overnight, put plates in an airtight container or wrap in plastic to prevent drying.  

(Just before use, pour off the solution being careful not to lose the agar which may be floating on top of the solution.  If transferring individual seedlings, pour the solution off completely.  If transferring mesh (see below) to the plate, leave about 1/3 of the solution on the plate as having a liquid layer on top of the agar will make it easier to lay the mesh flat on the agar.  Pour off the remaining liquid after the mesh is laid flat on the agar.

Notes:

(PEG solutions should not be autoclaved because this causes the PEG to break down and changes the water potential.  If contamination is a problem, PEG solutions can be sterile filtered, although we note that this is tedious, especially for the more concentrated PEG solutions.

(Sucrose or other solutes can be added to the media.  However, this will change the water potential of the plates.  For low molecular weight solutes, the contribution of the additional solute to the osmotic potential of the solution can be estimated using the van’t Hoff equation:

s = -RTC     where:  s = osmotic potential (MPa)





R = the gas constant  (0.0083143 MPa ∙ l ∙  mol-1∙ K-1)





T = absolute temperature (°C + 273)





C = molar solute concentration

(We routinely use PEG-infused plates in conjunction with a mesh transfer system where seeds are plated onto plates without PEG but where the agar has been overlaid with a nylon mesh.  The seedlings are then grown vertically and at an appropriate time (usually after 5-7 days of growth) the mesh is used to lift the seedlings and transfer to a PEG-infused plate or fresh plate of control media.  This procedure has been described by Verslues and Bray (2004) and is similar to procedures used in van der Weele et al. (2000).
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