130 - ______ = ______ / 130 = ______._____
Osmosis In Plant Cells
There are no well-documented cases of active transport of water into plant cells. Instead, water appears only to cross the differentially-permeable cell membrane by a process analogous to diffusion (the passive movement of chemicals from an area of greater concentration to an area of less concentration). This movement of water is called osmosis.
Since osmosis does not require expenditure of energy, it must be an energetically "downhill" process. The measure of the energy involved in osmosis is called water potential () expressed in a variety of units (atm, bar, MPa). In this exercise we will use MPa as the proper SI unit for pressure. Since the water must lose energy as it moves by osmosis, water must move from an area of greater potential to an area of less water potential:
•	If the water potential is greater inside the cell than outside the cell, then there will be a net movement of water out of the cell.
•	If the water potential is greater outside the cell than inside the cell, then osmosis will be a spontaneous net movement of water into the cell.
•	If the water potential on each side of a cell membrane is the same, there is no net movement of water across the membrane.
This last condition is known as equilibrium. While individual molecules may migrate across the membrane at equilibrium, movements into the cell are balanced by movements out of the cell. Again, there is no net movement of water at equilibrium.
Two major parameters influence water potential: solute concentration (s solute potential) and hydrostatic pressure (p pressure potential). They essentially have an additive effect:
 = s + p
The Effect Of Solutes
The presence of solutes dissolved in water lowers the water potential. Obviously then, water moves from an area where the solute concentration is lower to an area where the solute concentration is higher. Distilled water is the purest water (highest possible s = 0 MPa) and water with dissolved salts has lower water potential (s < 0, that is negative).
The exact solute potential of a solution is determined by the van't Hoff equation: s = ‑CiRT. Here C is the molar concentration of the solutes, i is the osmotic coefficient, R is the gas constant, and T is the absolute temperature. RT has the value of 2.27 liter MPa mol-1 at 0 C and is 2.48 liter MPa mol-1 at 25 C. The value of i is 1 for molecules that do not dissociate in solution and can be 2 or more for molecules that completely dissociate (such as salts). Recall that C is in units of moles liter-1. The term Ci is the osmolar concentration or osmolarity of the solution. The osmolarity of a complex solution is the sum of the osmolarity of each of the solute components. As an exercise for homework, you will be calculating the osmolarity of the solutes in the complete nutrient solution in the Mineral Nutrition project.
The Effect Of Pressure
Water tends to move away from pressure. That is, pressure increases the water potential. At sea level, the pressure of the atmosphere is defined as 0 MPa. Negative pressures (p < 0) indicate that a partial vacuum (tension) is present; this is seldom observed in living plant tissues or cells, but may be common in dead cells of the xylem. When a vacuum is present, water will rush into it from an area of normal (0 MPa) pressure. Since a living plant cell has a cell wall, the movement of water into an already-filled cell can produce positive pressure (p > 0). This is frequently called turgor pressure. Since cells are normally completely filled with cytoplasm (cell volume  1.0), most adjustments needed to come to equilibrium with an external water potential influence pressure potential prior to significant changes in cell solute concentration (see Höfler diagram at http://plantphys.info/plant_physiology/images/hofler.gif).

In this exercise, you will observe osmotic events in potato slices by 1) determining how much cells swell or shrink when they come to equilibrium with different concentrations of an impermeant solute, sorbitol; 2) measuring the rate of water movement as cells approach equilibrium with different concentrations of sorbitol; and 3) determining the solute concentration of potato sap.
I. Equilibrium Osmotic Effects
Since a cell membrane is largely impermeable to sorbitol compared to its permeability to water, cells placed in hyperosmotic (solute concentration greater in the solution than inside the cell) sorbitol solutions will lose water to the solution. Cells placed in hyposmotic (solute concentration less in the solution than inside the cell) sorbitol solutions gain water from the solution. Cells placed in isosmotic (solute concentration of the solution equal to that inside the cell) sorbitol solutions will neither gain nor lose water. The gain or loss of water, measured here by weight, will be an indicator of net osmosis in potato slices.
1. Use the 1 M sorbitol stock solution and distilled water to make 50 mL each of 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 M sorbitol solutions in seven separate 3 oz plastic cups. Label each cup. Keep the cups covered with half of a Petri dish.
2. The instructor will use a French-fry cutter to cut uniform sticks of potato tuber tissue. You will be provided with 21 uniform sticks from this one potato. The remainder of the potato will be wrapped in plastic film for further use (Part III).
3. Cut the sticks to a uniform length (approx. 3 cm), blot dry, and weigh each group of three sticks to 0.01 g. The group should be in the range of 5-10 grams. Record the weight in the laboratory record in a table according to their respective solutions. Be careful to keep track of which sticks are to go into each solution!  Record the data with equal caution!
4. Place the sticks into their assigned solutions for 20 minutes. Occasionally and regularly swirl the covered cups during this incubation period.
5. At the end of the incubation period, remove each group of tissue sticks, blot them between clean, dry, paper towels, and weigh them to 0.01 g. Work quickly and carefully. Record the weight in the proper place on the table in the laboratory record. Immediately return the sticks to their respective solution.
6. Repeat steps 4 and 5 until there is no net change in ANY group of sticks.
7. At equilibrium, note which of the tissue sticks seem "crispy" and which seem "limp" and record your general observations in the laboratory record.
8. At home, make the calculations and plots described in the laboratory record. Do not do this now!
9. Keep the tissue sticks in their 0.0 M and 0.5 M sorbitol solutions. Discard the other sticks, their solutions, and the five empty cups. You may then proceed with Part II.

II. Osmotic Potential Determination
The Osmette™ osmometer measures the osmolarity of a solution by determining the freezing point depression of a sample. A small amount of liquid in an Eppendorff centrifuge tube is cooled rapidly in the instrument while its temperature is recorded. When the temperature drops well below freezing (supercooling) a small rod in the sample is vibrated to allow ice crystals to form. The temperature of the liquid stabilizes at the freezing point. The freezing point measured is electronically converted to osmolarity which appears as a series of digits on the instrument’s readout. The conversion factor used by the instrument is 0.54 mol °C-1. We could have determined this manually by similar manipulation in an ice-salt bath and observation of an ASTM 52C BUTA BPR thermometer (range: -10 to +5 C).
The Wescor™ vapor pressure osmometer measures the osmolarity of a solution by determining the vapor pressure depression by thermocouple hygrometry. The sample chamber is cooled rapidly to a temperature below the dew point of the sample. As water condenses on the thermocouple, the temperature of the thermocouple stabilizes at the dew point. The depression of this dew point is used to determine the osmolality of the sample. A sample of 1 millimole kg-1 would have a depression of 0.00031 °C. The instrument must be very accurate in measuring temperature!
1. Chop an undamaged part of the remainder of the potato into small pieces. Squeeze the small pieces and any juice formed through the garlic press. Grind the mash into a pulp in a mortar, and squeeze out a small volume of sap into an Eppendorff centrifuge tube. If necessary this can be capped and frozen for thawing and later use. Do not add any water to this liquid at any time!
2. The liquid should be centrifuged for 2 minutes in the microcentrifuge.
3. As directed by Dr. Koning, use the micropipette to transfer the 10µL of sap onto the paper disc in the sample chamber of the osmometer. Close the door and wait for the tone. Record the resulting osmolarity in the laboratory record.
III. Osmotic Kinetics
The time course (kinetics) of water movement will now be followed more carefully. You will use the sticks and solutions kept from section I (previous page). These should have reached equilibrium with their respective solutions. At the initial time, you will purposely move the sticks equilibrated in the 0.5 M solution to the 0.0 M solution and vice versa. You will then repeat the data collection at five-minute intervals.
1. Quickly but carefully blot and weigh the sticks from each equilibrium solution. Record this initial weight in the laboratory record under the heading for the other solution.
2. Put the sticks in their new solution (the one under which their initial weight is recorded). Incubate with swirling for five minutes.
3. Remove the sticks, blot, and reweigh. Return the sticks to the new solution for another five minutes. Note: do not count the time when the sticks are out of their solutions as incubation time.
4. Repeat step 3 until there is no further weight change in either of the two groups of sticks.
5. At home, make the calculations and plots in Excel.

IV. Calculations and Plots in Excel 2011 {curly brackets are comments not to be typed!}
Table 1. Prepare cells to hold your Equilibrium Osmotic Conditions data.
In A1 type: Table 1.
In B1 type: Weight of
In C1 type {the variety of potato you are using: Red or Russet or Yukon Gold} Sticks at
In A2 type: [Sorbitol] (M) Hit return. Double-click the divider between A | B column headers.
In A3 to A9 type the sorbitol concentrations used: 0.6, 0.5, 0.4, 0.3, 0.2, 0.1, 0
In B2 to F2 type: 0, 20, 40, 60, min
In B3 to E9 type in the weight values you recorded in Table 1 of the laboratory record
In A11 to C11 type: Osmolality, Adjusted, Initial Tissue Sol Pot
In A12 enter the Wescor osmometer result you recorded in Part II of the laboratory record
In B12 type: =A12/0.85 {corrects for extra-cytosolic liquids; round to 3 places}
In C12 type: =B12*-2.48 {applies van't Hoff equation; round to 3 places}
In D12 type: MPa
Table 2. Prepare a table of calculated data
In A14 to E14 type: Table 2., Relative, Sorbitol, Tissue, Tissue
In A15 to E15 type: [Sorbitol] (M), Cell Vol., Water MPa, Solute MPa, Pressure MPa
In A16 to A22 type the sorbitol concentrations used: 0.6, 0.5, 0.4, 0.3, 0.2, 0.1, 0
In B16 type: =E3/B3 {determines relative weight change; round cell to 3 places}
In C16 type: =-2.48*A16 {applies van't Hoff equation; round cell to 3 places}
In D16 type: =C16-E16 {calculates s by  - p note: ignore error for now; round 3 places}
In E16 type: =IF(C16-$C$12/B16<0,0,C16-$C$12/B16) {calculates p and corrects for -p}
Select B16 to E16. Copy. Then select B17 to B22. Paste. Round all calculated cells to 3 places
Figure 1. Relative cell volume vs sorbitol concentration
Select A15 to B22. Do menubar Insert Chart... Scatter icon: smooth marked scatter.
Fix the plot to convert it from Excel-cute to Biology-standard.
A legend/key is not needed.
Stretch the figure to fit from A23 to F40.
Figure 2. Tissue potential components (MPa) vs relative cell volume
Select B15 to E22 the do menubar Insert Chart...Scatter icon: smooth marked scatter.
Fix the plot to convert it from Excel-cute to Biology-standard.
A legend/key IS needed for this figure, drag it INSIDE to a clear area in the plot area.
Format the vertical axis numbers: unlink from source and set to 1 decimal place.
Format the horizontal axis numbers: unlink from source and set to 2 decimal places.
It might be intuitive if pressure is triangle, solute is open circle, water potential is square.
For this plot, the axis lines should be 3pt as usual, but the plot area lines should be 1pt.
Stretch the figure to fit from A41 to G69
Table 3. Weight of Tissue Sticks Data
In A70 to B70 type: Table 3., Weight of Tissue Sticks at
In A71 to I71 type: Treatment, 0, 5, 10, 15, 20, 25, 30, min
In A72 to A73 type: 0.0 to 0.5 M, 0.5 to 0.0 M
From B72 to H73 type your weight data, from Part III of the lab record; use both decimal places!

Table 4. Relative Cell Volume Calculations
In A75 to B75 type: Table 4., Relative Cell Volume at
In A76 to I76 type: Treatment, 0, 5, 10, 15, 20, 25, 30, min
In A77 to A78 type: 0.0 to 0.5 M, 0.5 to 0.0 M
In B77 type: =B72/$B$9 {divides current weight by initial relative cell volume in 0 M}
In B78 type: =B73/$B$4 {divides current weight by initial relative cell volume in 0.5 M}
Copy B77 to B78. Select C77 to H78. Paste. Round all calculated cells to 3 places
Figure 3. Relative cell volume vs time (min)
Select A76 to H78 do Insert Chart... XY-Scatter icon: smooth marked scatter.
Fix the plot to convert it from Excel-cute to Biology-standard.
Stretch the figure to fit from A79 to H104. A legend/key is needed inside the plot area.
Table 5. Calculations for Gross Permeability
In A105 to C105 type: Table 5., Q=Rate of, Delta
In A106 to D106 type: Treatment, Water Trans, Water MPa, Gross Perm
In A107 to A108 type: 0.0 to 0.5 M, 0.5 to 0.0 M
In B107 type: =LINEST(B77:D77,B76:D76) {gets initial slope of regression line in Fig. 3; round cell to 5 places}
In B108 type: =LINEST(B78:D78,B76:D76) {gets initial slope of regression line in Fig. 3; round cell to 5 places}
In both C107 and C108 type: =ABS(C17-C22) {calculates initial difference in water potentials}
In D107 type: =ABS(B107/C107) {calculates gross permeability}
Copy D107. Select D108. Paste. Round both cells to 5 places.
Tweaking the Spreadsheet
It is helpful to select the data/calc cells only in each Table and set all borders to 1 point black.
It is critical in calculated values to round the digits to appropriate levels. In general, measurements have 3 or 4 significant digits (whether decimals or not) and calculated values are usually rounded to one more decimal place than you have precision in the measured data (see comments in instructions for exceptions).
Check your plots to be sure that you have eliminated
· chart area lines
· plot area gridlines
· shading, shadows, and any 3-D effects
· colors other than black or white
Check your plots to be sure you have made
· lines bold including the plot area border, axis lines, plotted lines
· fonts Arial and at least 12 pt
· title fonts at least 14 pt and bold
· both axis titles with correct units (when appropriate)
· both axis scales’ minimum value to a value to avoid large empty areas in graphs
For this assignment, the plots CAN have chart titles and CAN lack formal captions!
This non-standard allowance is for THIS PROJECT ONLY!
What to submit for this Project
Insert page breaks in appropriate rows in Column A (A41 and A70) to give natural breaks!
Set spreadsheet to Arial 10 pt. Print out your Excel spreadsheet pages with its included graphs.
Staple the printed spreadsheet pages in order after the Laboratory Record single sheet.







Laboratory Record for Osmosis in Plant Cells
Name 	
Potato Type________________	Partner(s)	
I. Equilibrium Osmotic Conditions
Table 1. Effect of various sorbitol concentrations on water uptake of potato sticks.
	
	
	
	Weight of Sticks at

	Volume of 1 M Sorbitol
(mL)
	
Volume of Water
(mL)
	Final Concen-tration
(M)
	

0 minutes
(g)
	

20 minutes
(g)
	

40 minutes
(g)
	

60 minutes
(g)

	30=31.50g
	20=20g
	0.6
	
	
	
	

	25=26.25g
	25=25g
	0.5
	
	
	
	

	20=21.00g
	30=30g
	0.4
	
	
	
	

	15=15.75g
	35=35g
	0.3
	
	
	
	

	10=10.50g
	40=40g
	0.2
	
	
	
	

	5=5.25g
	45=45g
	0.1
	
	
	
	

	0=0g
	50=50g
	0.0
	
	
	
	


Note: 1 M Sorbitol has a density of 1.05 g mL-1
Figure 2 is what kind of plot?      A 	 plot.
II. Solute Potential Determination
	Osmette/Wescor Vapor Pressure Osmometer result: ____.________ M
2010:
Yukon Gold 0.392,
Russet 0.369
White 0.280
Red 0.369
Dark Red 0.348
III. Rate Of Osmosis To Equilibrium
Table 3. Data summary for weight changes after moving potato sticks from an 
equilibrium medium to a different medium.	
	
	Weight of Sticks at

	Treatment
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min

	0.0 to 0.5 M
	
	
	
	
	
	
	

	0.5 to 0.0 M
	
	
	
	
	
	
	


Why do you think the value of gross permeability is different in the two directions?
	The direction, water flowing   in    out  , was more permeable because	
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