Wayne sp2013

Lab 2: Membrane Transport


Purpose:  This lab exercise is designed to familiarize the student with the principles of osmosis and diffusion.

Performance Objectives:  At the end of this exercise the student should be able to:

1.
Define osmosis and diffusion.

2.
Describe the function of dialysis tubing in this experiment.

3.
Understand how to use the Lugol's, Benedict's, and silver nitrate test to 

determine the presence or absence of starch, glucose, protein and sodium 
chloride.

4.
Know which molecules were able to move through the dialysis tubing and which 
molecules are restricted.

5.
Define the term crenation and how it applies to red blood cells.

6.
Define and describe isotonic, hypotonic and hypertonic solutions.

7.
Describe how Brownian motion applies to this lab exercise.

8.
Describe what physical and chemical factors effect diffusion rate.

9.
Describe how the size and molecular weight of a molecule effects the diffusion 
rate of each of the molecules.

10.
Describe why the molasses rose in the thistle tube (osmometer)

11.
Demonstrate the ability to use the portable pH meter.

12.
Upload all data to Google Docs
Activity 1
Diffusion and Osmosis across Artificial Membranes

Like the plasma membrane, dialysis tubing is a type of selectively permeable membrane. Microscopic holes, or pores, in the dialysis tubing allow substances to be separated on the basis of their size. Molecules smaller than the pores pass freely across the tubing—larger molecules are trapped inside (or outside). 
Dialysis tubing can be ordered from scientific supply companies in a variety of pore sizes. Dialysis is routinely used in biochemistry and molecular biology laboratories to separate and purify substances in complex mixtures. In people whose kidneys no longer function (kidney failure) dialysis is also used to remove toxic waste products from the blood for disposal—one of the main functions of healthy kidneys. 

In this part of the lab, you will determine which molecules in various solutions are small enough to pass through the “artificial membrane” of the dialysis tubing. In addition, you will determine how the relative concentrations of various solutes and their ability to pass through the membrane affect the process of osmosis. 

1. 
The dry tubing is flattened and stuck together. Your goal is to open it up (like a 
plastic produce bag at the grocery store). Before you can open it, it must be 
soaked in distilled water. Soak 6 cut lengths of dialysis tubing in a small beaker of 
distilled water for 2-3 minutes. (If the cut tubing has been placed in a small 
beaker on your tray, just pour enough distilled water into the beaker to cover the 
tubing.) 

2.
 Label six 250 ml beakers 1-6 with labeling tape. Fill the beakers with about 150 
ml of the solutions listed in the “beaker” column of the following table. 

Fill the beakers and bags as follows:
	
	 Beakers
	 Dialysis tubing bags 

	Beaker #1 
	distilled water 
	Bag #1 
	40% glucose solution 

	Beaker #2 
	distilled water 
	Bag #2 
	10% NaCl solution 

	Beaker #3 
	distilled water
	Bag #3 
	 1% boiled starch solution

	Beaker #4 
	10% NaCl solution
	Bag #4 
	40% glucose solution

	Beaker #5 
	distilled water
	Bag #5 
	40% sucrose

	Beaker #6
	distilled water + 2drops HCL
	Bag#6
	4.5% sodium bicarbonate



3.
 Fill the dialysis bags with the solutions listed in the “Dialysis tubing bags”
column of the table in the following way: 


a.
Remove a section of tubing from the distilled water and separate the sides 


to form a tube. Place a plastic clip across the bottom of the tubing. 


b. 
Fill each bag with about 10 ml of solution using a 10 ml graduated pipette. 

c.
Squeeze the air out of the bag and place a plastic clip across the top of the bag. When finished the clips should be at the ends of the bag.  Blot the bag carefully with a paper towel to dry it as well as you can. Place the bag on a paper towel. 


d 
Fill the remaining bags and place them on the paper towel. Write on the 


paper towel to identify the bags 1-6. 

4. 
Important!! Measure the pH of the solution in beaker 6 before putting the bag 
in the beaker.  Go the section "Testing the pH of a solution " to learn how to use 
the pH meter.

5.
After you have filled all of the bags, place a plastic weighing boat on the 
electronic balance and tare the balance. Weigh each bag in the weighing boat and 
record its weight on the data table for this exercise, then place all bags in 
beakers at the same time and note the time.
6. 

After 1 hour, remove all of the bags from the beakers. Do not discard the 
solutions you 
will be testing them later.

Place them on a 1-6 labeled paper towel (as you did before). 

7.
 Blot the bags dry, weigh them, and record their weights in the data table.

* Do not discard the bags! 

8. 
Did glucose, starch, salt or bicarbonate cross the dialysis tubing membrane? 
Use the tests from the next section to find out what is present in the dialysis bags 
and corresponding beakers.  Then fill in the data table at the end of the lab.
 
Activity 2

 Learning how to use indicators to test for the presence of substances in a solution 

By means of fairly simple tests we can determine whether certain substances are present in a solution. To determine whether glucose, starch or salt (NaCl) are present, you will use chemicals that reveal the presence of certain substances by changing color. Use the following as a reference; we are not using all of the indicators listed.
Summary of indicators:

	Indicator
	Color
	Indicates 

	Lugol’s solution
	yellow
	absence of starch

	Lugol’s solution
	blue/black
	presence of starch

	Benedict’s solution
	blue
	absence of glucose or maltose

	Benedict’s solution
	green, yellow, orange, red

graduated from not much glucose (green) present to a lot present (red)
	presence of glucose or maltose

	Silver Nitrate
	Cloudy white precipitate
	Presence of  sodium chloride

	Silver Nitrate
	Clear
	Absence of sodium chloride



To learn how to use these indicators, you will perform the tests on a solution that you know contains the substance, so that you can see what a positive result looks like. You will also perform each test on distilled water, so that you can also see what a negative result looks like. The following exercise will allow you to see what positive and negative tests are for some of the substances used in this lab exercise.

Testing for the presence of glucose: 
Benedict’s reagent reveals the presence of what are called “reducing sugars.” The Monosaccharides glucose, galactose and fructose are reducing sugars, the disaccharide sucrose is not.  
* 
Label your test tubes by placing a piece of labeling tape at the top of the test tube or writing on it with a permanent marker. 


1. 
Label a test tube "glucose +" and add about 10 drops of the 




glucose solution.  Label a second test tube "glucose -" and add 10 drops of 

deionized water

2. 
Add 3-5 drops of Benedict’s reagent to each tube.


3. 
Heat the test tubes in a boiling water bath until the color changes--about 1-


3 minutes. (When you see a definite color change on the + tube, it’s done!) 


Note the color change.  Any color other than blue represents a positive 


test.  The colors may range from green to orange.


4.
The blue color in the " – " test represents and negative test, that is, no 


glucose is present.
*Use a test tube holder to place the tubes in the boiling water and to remove them. 


4. 
Fill in the appropriate boxes in the data table at the end of the lab for this 


activity. 

Testing for the presence of starch: 
Iodine reveals the presence of starch. 


Use a white spot plate for this test. Do not write on the spot plate itself to label the contents of the wells on the spot plate. Place the spot plate on a paper towel and write on the paper towel to make a "key" that shows what is in each well. Since you will only be using 2 wells for this exercise, you can write "starch +" to the left of the spot plate and "starch -" to the right of it. 
1. 
Boiled starch tends to settle in the bottom of the bottle. Make sure the top 

to the dropper bottle labeled "Starch" is tight and then shake it well.

Also squeeze the rubber dropper top a few times to make sure some of the    solution that actually contains starch is in the dropper before unscrewing the top. Place a drop of the starch solution into a well of the spot plate. Place a drop of DI water into a well next to the first.

2. 
Add a drop of Lugol’s iodine to the liquid in the two wells.  Observe the color for 
the " + " and " - " tests. 

3. 
Fill in the appropriate boxes in the data table; testing for the presence of 


starch. 
Testing for the presence of salt:
Silver nitrate (AgNO3) tests for the presence of salt. 


1. 
Label a test tube "salt +" and add 10 drops of the 0.9% salt solution. Label 


another test tube "salt -" and add about the same amount of 
DI water. 


2.
 Add 3-5 drops of silver nitrate solution to each tube and swirl the tubes a 


little to mix. Note the  color changes for a " + " and " - " tests. 


3. 
Fill in the appropriate boxes in the data table.
Testing the pH of a solution:

pH
Record the pH using a pH meter and follow procedures that your instructor will provide for sample testing. Clean the probe each time you take a reading. To clean the probe, hold the probe over one of the beakers labeled "Waste" and using the squeeze bottle filled with distilled water, squeeze gently and produce a light stream of water to clean the probe. Blot (Do Not Rub) the probe dry with a Kimwipe. The Kimwipes should be discarded in the trash.

[image: image1.emf]
Activity 3 

 Observing osmosis in cells (using animal blood)
1. Make a wet mount of a drop of animal blood by placing a drop of blood and two  
drops of isotonic (0.9%) saline in the center of a clean microscope slide and 
covering it with a cover slip. 

2. Observe the blood with the microscope to see the normal appearance of the 
blood cells.

3. 
Obtain a new slide and place one drop of animal blood in the center of the slide.  Add two drops of 10% saline to the blood and cover it with a cover slip. 
4.
Observe the cells with the microscope. Compare the cells appearance in the 10% salt to the cells that were in the 0.9% salt solution.  Describe their appearance below.


__________________________________________________________________


__________________________________________________________________

5.
Now repeat the procedure adding two drops of distilled water to the blood and cover with a cover slip.
6.
Observe the cells under the microscope again. Compare the cells appearance when they are in the distilled water to the cells in the 0.9% and 10% salt solutions.


__________________________________________________________________


__________________________________________________________________

Activity 4

Observing the effects of molecular motion

1.
 
Make a wet mount using a drop of whole milk. Observe the milk with the 
microscope using the 40X objective. 

Additional notes about this exercise: 

It is not easy to see the motion that you are supposed to observe. Adjust the microscope for maximum contrast (experiment with reducing the light levels with the iris diaphragm lever) and make sure that the microscope focus is as sharp as possible. 
You should be able to see small transparent droplets. These are tiny droplets of “milk fat” that have been made very small by the homogenization process (so the fat will remain suspended in the milk rather than float to the top.) Be patient. Continue to observe the slide and you will probably suddenly see a subtle vibrating motion.
2. 
Make notes of what you observe for your lab report.
Activity 5  
Osmometer Demonstration
A simple osmometer has been set up before lab.  Note the starting position of the column of liquid and measure the starting time and measure the height of the column from its original position at 15 minute intervals and record the results in data sheet under the proper time interval.
Activity 6
Diffusion in Agar Gel

1.
Obtain a Petri dish with agar gel.

2.
On the surface of the agar approximately 2cm apart from the edge of the agar plate place one drop of methylene blue.   Next place one drop of potassium permanganate in a second location opposite the methylene blue approximately 2 cm from the edge of the agar plate.  If available, use an automatic pipette and set it deliver 20ul.  

3.
Measure the diameter of the spot when you first place it on the agar and at 
20 
minute intervals.  Divide by two to determine the radius.

4.
Record your data in the data sheet.

Disposal & Clean Up 
At the end of each exercise be sure to properly dispose of your materials


glass slides for Brownian motion  
( 
glass disposal box

test tubes

blood slide and cover slips
(
 bleach container

Petri dish with agar


( 
general trash receptacle


clips for dialysis bag

non-disposable glassware

(
 clean and return to tray at your 







table filter and ring stand

Dispose of all solutions except blood in the sink; dispose of blood as directed. 

Dispose of paper towels, plastic transfer pipettes, etc in the trash receptacle

Lab 2 Lab Report

Your lab manual should have:


1.
Completed data tables and graphs.

2.
All questions should be answered in the spaces provided.
Activity 1 
1.
Fill in your data in the chart below:  (Post all data to Google Docs)
	
	Beginning

Weight of bag

(gm)
	Weight of bag after one hour 
(gm)
	Change in

weight 

(+/- gm)
	Required  Indicator

Tests
	Test Results Fluid in Beaker (+ or -)
	Test Results For fluid in bag
(+ or -)

	Set 1


	
	
	
	Benedicts
	
	

	Set 2


	
	
	
	Silver Nitrate
	
	

	Set 3
	
	
	
	Iodine
	
	

	Set 4


	
	
	
	Silver Nitrate 

Benedicts
	
	

	Set 5
	
	
	
	None
	
	


	
	pH  of solution in bag at start of experiment
	pH  of solution in bag at end of experiment
	pH  of solution around bag at start of experiment
	pH  of solution around bag at end of experiment

	Set 6
	
	
	
	


2. 

Calculate the weight change for each bag and make a bar graph illustrating the 
results of your calculations. Paste your graph below.

	


3. 
Study your bar graph and answer the following:

Did this bags gain weight, lose weight, or stay exactly/nearly the same? Explain!  
There should be a separate answer for each bag. 

______________________________________________________________​______
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
4.
 What happens to cells when they are placed in hypotonic, hypertonic, or 


isotonic solutions? Did your experimental results reflect what you would 


expect to see in cells in hypotonic, hypertonic, or isotonic solutions? 


________________________________________________________



________________________________________________________



_________________________________________________________


5. 
Which solutes could move through the pores in the dialysis tubing 



and which could not? How do you know? What determines whether 


or not the solute could move through the tubing? 


__________________________________________________________



___________________________________________________________



___________________________________________________________


6. 
What made the greatest difference in the weight change in the 



bags—the movement of solute molecules/ions through the tubing, 



or the movement of water molecules?



_________________________________________________________



_________________________________________________________



_________________________________________________________

Activity 2: Learning to use indicators to test for the presence of substances in a solution.  Fill in the table.
	Test for 
	Indicator used 
	Positive result looks like 
	Negative result looks like 

	Starch
	
	
	

	Glucose
	
	
	

	NaCl
	
	
	


Activity 3 

As the blood cells changed size when placed in hypertonic or hypotonic saline, what was moving through their plasma membranes that caused the size change? When the cells were in isotonic saline, was this substance moving through the membrane? 
_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

Activity 4 

How do you explain what you observed? Remember, individual molecules are much too small to be seen through a light microscope—you were not seeing individual molecules, you were seeing tiny lipid droplets—each containing millions of lipid molecules. Why were the droplets vibrating? Hint; look up Brownian motion.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
Activity 5

Osmometer Demonstration   (Post all data to Google Docs)
	Time from Start
	Height of Column (mm)

	0 min


	

	15 min


	

	30 min


	

	45 min


	

	60 min


	

	75 min


	

	90 min


	


Is the increase in height constant for each time period?  What factors might explain this?
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

Make a graph of the osmometer results plotting time on the “x” axis and height of column on the “y” axis.  After plotting the data points connect the points with a line.  Paste the graph below.
	


Observing Diffusion of Dye Through Agar Gel  (Post all data to Google Docs)
	Time

(min)
	Diffusion of

Methylene Blue
	
	Diffusion of

Potassium Permanganate

	
	radius of dye (mm)
	
	radius of dye (mm)

	0
	
	
	

	20
	
	
	

	40
	
	
	

	60
	
	
	

	80
	
	
	

	100
	
	
	

	120
	
	
	


Was the diffusion rate constant for each time interval, for each dye?
________________________________________________________________________

________________________________________________________________________
Which substance had the fastest diffusion rate?  Explain.
______________________________________________________________________

______________________________________________________________________

Using Excel or any other computer graph generating program, make a graph of your results; plotting the radius on the y-axis and the elapsed time on the x-axis.  Make two lines on the same graph, one for Potassium Permanganate and another for the Methylene Blue.  Paste your graph below.
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