LAB #2:  TISSUE WATER POTENTIAL 
STUDENT HANDOUT
BIOSC 402 / 602 JANUARY 20/21 2010
(Dr. Douglas Bielenberg)

OBJECTIVES:
Learn a method for determining tissue water potential.

Determine the water potential of a plant tissue
Learn about null techniques and an example of equilibrium
INTRODUCTION & BACKGROUND:

As we are discussing in lecture right now, relative water potential determines the net movement of water between compartments that are separated by a semi-permeable (or sometimes termed selective) membrane.  This is true not only for two cells connected by plasmodesmata, but also for the cytoplasm and the apoplast of plant cells.  If a tissue is put into a solution whose water potential is more negative (lower, remember the range starts at zero and goes down!) than that of the tissue, the tissue will lose water to the solution.  This will result in the solution gaining water and becoming more dilute (and for our purposes today, less dense).
Conversely, if the tissue is put into a solution whose water potential is less negative (higher) than that of the tissue, the tissue will gain water from the solution.  The solution will then become more concentrated because the same solutes are present but in less volume (and for our purposes, more dense).  Remember that the solutes we are using will not move into the cell because they are too large. 

By measuring the length and weight of uniform pieces of tissue before and after incubation in a series of solutions of different water potentials, we can tell which of the solution water potentials were higher than that of the tissues and which were lower.  We will then be able to determine the water potential of the tissue.  Another way we can find out if water gain or loss from the tissue has occurred is to compare the density of the solutions after incubation with the density of the solutions before incubation.  We will do both of these.  These techniques are looking for situations where no change has occurred and are called NULL TECHNIQUES.  They are used in situations where you are looking for an equilibrium state between a sample (tissue here) and the environment (a solution).  If they are at equilibrium and we know the concentration of the solution, we know the condition of the sample. 

LAB ACTIVITIES:

We practiced the Chardakov dye technique last week, and hopefully you all had a chance to get some practice with it.  We will use this as one of our techniques for finding which solution (and therefore water potential) is in equilibrium with our tissue.  This technique uses paired tubes of solutions.  One tube of the pair has the tube placed in it for incubation while the other tube is left to be used for comparison.  
As part of today’s lab we will calculate the osmotic potential of different solution strengths of mannitol, a sugar.  We are using mannitol to create solutions of different strength osmotic potential.  The osmotic potential of a solution can be calculated according to the following formula:
ΨS = - m i R T

R = 0.00831




T = temperature in Kelvin (deg C + 273)





i = ionization constant (= 1 for mannitol)



m = moles/liter of water, the concentration of mannitol

Use this formula later in the lab to perform your calculations.

BE VERY SURE ABOUT HOW YOU ARE TO SET UP THE TUBES AND THE SOLUTIONS IN THIS SECTION AND WHICH ONES GET DYE.  FOLLOW THE INSTRUCTIONS AND ASK THE TA TO VERIFY YOU ARE ON THE RIGHT TRACK.

BE VERY METHODICAL ABOUT HOW YOU DO THE STEPS IN THIS LAB AND IT WILL BE VERY SIMPLE.  SEE FIGURE 1 FOR A DIAGRAM OF THE RESPONSE.
1.  Each group should have the following:

A potato

A knife

Razors

A ruler

Paper towels

A plastic bag

A cork borer

16 test tubes (16mm x 150mm) in a rack arranged in two rows of 8.

Eight lengths of thread (read what you need it for before you cut some lengths)

2.  Label the tubes with a sharpie or grease pencil, each row should have one each of 0.05 M mannitol, 0.1 M mannitol, 0.2 M mannitol, 0.3 M mannitol, 0.4 M mannitol, 0.6 M mannitol, 0.8 M mannitol and 1.0 M mannitol.  Add 20 ml of each mannitol solution to the appropriate tubes.

[image: image1.bmp]3.  Prepare potato tissue cores as follows.  Cut the ends of the potato so you have an exposed surface you can punch the corer into to remove tissue.  Make sure that the potato section you use is shorter than the corer, or you will have difficulty removing the core. Use the cork borer to make a series of 8 cores close together the long way through the tissue.  Try to make your samples as uniform as possible.  The cores should all be of uniform length.  Measure them together and cut them all to the same length, somewhere between 60 or 70 mm in length.  Record the lengths in the appropriate table below.  Again, all of the cores should be the same length when you start.  As you cut each core, but it in a plastic bag to stop it from drying out.  
4.  Weigh each potato core and record the value in the chart below.  Put a loose noose of thread of around each core so you can pull the core out of the tube later.  Make the thread long enough to hang out of the tube.
5.  Put one core into each of the 8 tubes in one of the rows.  Make sure the cores are completely submerged.  If necessary wad a little parafilm into the test tube to ensure that the core stays submerged.  Record the time that each of the cores goes into solution.  The cores MUST all incubate for the same amount of time.

6.  Incubate the cores in the solutions for 50 minutes.  Each core must incubate the same amount of time.

7.  During the incubation you can work on calculating the osmotic potential of the mannitol solutions and put them in the appropriate table below.

8.  Remove the cores at the correct time and measure the lengths as accurately as possible.  Record these values in the appropriate tables below.  Blot the cores lightly to remove any excess fluid or drops and weigh the cores.  Record these values in the appropriate table below.  Make observations on the turgidity (stiffness) of the cores as well by flexing them.

9.  Dispose of the cores after you have made all of your necessary observations.
10.  Add a small amount of the methylene blue crystals to each of the tubes that had contained the cores.  DO NOT PUT DYE IN THE OTHER TUBES.  See diagram below.
11.  Whoever has the best technique in your group should then use the Pasteur pipette to remove a drop of dyed solution from the tube that incubated the core.  Lower the pipette halfway down the solution in the undyed tube of the same concentration mannitol and slowly squeeze out a single drop of the blue solution.  Make observations on whether the drop remains steady, rises, or falls and how rapidly or slowly.  Do this for each pair of tubes.  Work from the most concentrated to the most dilute solution.

	Mannitol solution concentration (M)
	Calculated Osmotic potential of the solution
	Drop behavior (rise or drop and how fast)
	Describe the relative tissue turgidity (is it floppy, rigid, etc.)

	0.05
	
	
	

	0.1
	
	
	

	0.2
	
	
	

	0.3
	
	
	

	0.4
	
	
	

	0.6
	
	
	

	0.8
	
	
	

	1.0
	
	
	


	Mannitol concentration (M)
	Length before incubation (mm)
	∆Length
	Length after incubation (mm)
	Mass before incubation (g)
	Mass after incubation (g)
	∆Mass

	0.05
	
	
	
	
	
	

	0.1
	
	
	
	
	
	

	0.2
	
	
	
	
	
	

	0.3
	
	
	
	
	
	

	0.4
	
	
	
	
	
	

	0.6
	
	
	
	
	
	

	0.8
	
	
	
	
	
	

	1.0
	
	
	
	
	
	


ASSIGNMENT FOR LAB #2:

BIOSC 402/602
1.  Fill in the following table and use it to answer the following questions (1pt).
	Mannitol concentration (M)
	Calculated Osmotic potential of the solution
	Drop behavior (rise or drop and how fast)
	Change in length of the potato tissue
	Change in mass of the potato tissue

	0.05
	
	
	
	

	0.1
	
	
	
	

	0.2
	
	
	
	

	0.3
	
	
	
	

	0.4
	
	
	
	

	0.6
	
	
	
	

	0.8
	
	
	
	

	1.0
	
	
	
	


2a.  Graph the change in weight versus the concentration of mannitol .  Draw on the graph how you would estimate the water potential of the tissue (2.5pts).
2b.  Graph the change in length versus the concentration of mannitol.  Draw on the graph how you would estimate the water potential of the tissue (2.5pts).
3.  From your graph what do you estimate the water potential of the potato tissue to be (1pt)?

4. Does the increase in tissue weight and length resulting from gaining water in the less negative water potential solutions eventually plateau and reach a maximum?  Why?  Explain this observation based on what we know about the two potential terms that contribute to total water potential in a plants cell or plant tissue (1pt).

5.  Why would the potato tissue shrink when it loses water (explain this in terms of pressure potential—1pt)?

6.  If you were using this technique with a tissue with very rigid, inelastic cell walls (such as a woody tissue) which measurement method would be least effective?  Why (1pt)?
Figure 1.  Diagram of incubation and dye procedure.
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