
Diffusion
It is important to remember that cell membranes are differentially permeable NOT semi-permeable. That is, while the membrane is permeable to water and impermeable to mannitol or sorbitol, other solutes must be permeant (able to cross the membrane). Were this not so, cells could not obtain minerals, photosynthate, or amino acids needed for metabolism and growth. Membrane proteins must assist in acquiring and retaining essential solutes.
Unfortunately most metabolic solutes are invisible and difficult to detect with the simple means available to us. We will turn to the betacyanin pigment of beet roots for assistance. This is normally sequestered in the vacuole and, by virtue of the properties of the tonoplast and cell membrane, does not leak into the cytosol or the extra-cellular sap of the beet root. Of course when we cut the beet root, we slice surface cells open and the pigment spills out. After rinsing that off, can we alter the membranes (phospholipid bilayer and membrane transport proteins) of intact cells more subtly to chemically induce leakage (diffusion) of betacyanin?
1. The instructor will use a French-fry cutter to cut 8x8 mm uniform sticks of tissue from the beet root. Use a razor blade to slice the ends from the sticks to discard any peel. Then cut pieces of the sticks a close to 8 mm as you can. Use a metric ruler; do not guess! The resulting tissue pieces should be nearly perfect cubes.
2. Place the cubes into a plastic cup of 0.3 M sucrose. Swirl gently to rinse the cubes. Pour off the now-red solution. Repeat this step until the rinse water comes off colorless. The goal is to wash all betacyanin released from injured cells. We are using 0.3 M sucrose to avoid any osmotic shock to the cells; 0.3 M sucrose is close to isotonic.
3. Put 2.5 mL of the rinse water into a cuvette for the SpectroVis to determine the spectrum of betacyanin and to figure out what wavelength you should be using:
[bookmark: _GoBack]Use distilled water as the blank.       ____________ nm.
4. Prepare two 4 x 6 cell well trays to conduct your project. In one tray, you will test the effect of mono- and di-valent cations on membrane stability. In the other tray, you will test the effect of different sizes of alcohols on membrane stability. You will be provided with 2.5 M stock solutions of NaCl (58.5 g/mol), KCl (75 g/mol), CaCl2 (147 g/mol) and MgCl2 (203 g/mol); note: FW includes hydration. You will also be provided with 50% stock solutions of methanol, ethanol, 1-propanol, and n-butanol.
5. Using these stock solutions and a transfer pipette, you will prepare six wells for dilutions of each one. Each column represents the “recipe” for one well. The total volume is 2.5 mL per well.
	Stock mL
	0
	0.5
	1
	1.5
	2
	2.5

	dH2O mL
	2.5
	2.0
	1.5
	1.0
	0.5
	0

	M if cation
	
	
	
	
	
	

	% if alcohol
	
	
	
	
	
	


At home: calculate the concentration of the cations (M) and the alcohols (%) to fill in the two bottom rows of this chart.
6. Carefully using a pair of forceps, gently remove a beet cube from the sucrose solution, blot on paper towel, and place it in one of the wells. Avoid damaging the cube. Repeat making sure each well has a cube. Please note that only ONE cube will fit into each well…and it will be full! So you should not be picking up or moving around the cell-well tray.
7. Incubate the trays at room temperature for one full hour. During this hour, you should use a toothpick to push around the cube in each well about every 15 minutes. You want to be sure it is exposed to fresh solution, not sitting stagnant in its own juices. Work from the lowest concentration well to the highest concentration well for each treatment row in the tray. Be careful not to slop solutions from one well to another, particularly between rows (different stock treatments) across the cell-well tray.
8. At the end of the incubation hour, use a pair of fine forceps to remove the beet cube from each well of both trays. You can collect these in the disposable cup and discard them.
9. Observe each row in the cell well trays and notice any progression of betacyanin release across the concentration gradients. Use a 3 mL transfer pipette to move all of the solution of each well into a cuvette and measure its absorbance in the SpectroVis spectrophotometer. You should work from the lowest red color to the brightest red color along the gradient. You may rinse the six cuvettes and the pipette between rows of the trays (between different tests) with the distilled water in the wash bottle.
10. Record below the absorbance of the solution from each well in the two trays:
	conc. M:
	0.0 M
	
	
	
	
	

	NaCl
	
	
	
	
	
	

	KCl
	
	
	
	
	
	

	MgCl2
	
	
	
	
	
	

	MgCl2
	
	
	
	
	
	



	conc. %:
	0 %
	
	
	
	
	

	Methanol
	
	
	
	
	
	

	Ethanol
	
	
	
	
	
	

	Propanol
	
	
	
	
	
	

	Butanol
	
	
	
	
	
	




11. Write an abstract to document your work today. You might want to think about whether the size of a monovalent cation matters in determining how well it “salts out” betacyanin. Does the same thinking apply as well to divalent cations? Do mono- or di-valent cations “salt out” betacyanin better? Why do you think the charge on the ion might matter? How might alcohol disrupt the ability of a membrane (phospholipid + protein) to retain betacyanin? Does the size of the alcohol molecule impact the level of disruption? Why do you think this might be so? Why is this project called “Diffusion” and what should the proper title of your project be instead? Why did you use the wavelength you chose for analysis, given that the pigment is red (red light is 650-700 nm)? Lots of things to think about and distill in your mind before you submit your final draft.
12. Prepare two line (scatter) graphs of publishable quality and with proper captions. The y-axis should properly be absorbance at the wavelength you chose. The x-axis should be the concentration of the cations or the alcohols used in the particular graph. The two figures should be numbered, titled, briefly explained, and any statistical analysis mentioned in the captions.
13. Staple your abstract (Title, Your Name, Body), the two figures in sequence, and this worksheet together, in that order. Be sure your staple is in the upper left corner of your paper and is NEAR the corner so that the pages can be opened and read. Use the staple position of this handout as your guide to placement. This assignment should have 5 sheets, right?!
14. Hand in your paper on-time before the deadline.
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