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Background Concepts:

Living things ,whether they are huge and multicellular (a blue whale), or tiny and unicellular (an amoeba or bacterium) are composed of cells that are enclosed by a membrane.  Staying alive requires a flow of materials into and out of cells, and these materials must of necessity pass through the membrane.  Nutrients to build new cellular parts or to fuel cellular processes must continuously enter the cell, whereas waste materials as well as other products are continuously being expelled.  Much of the movement of molecules into and out of cells occurs by means of diffusion, which is the movement of molecules from a region of higher concentration to a region of lower concentration.  Diffusion occurs spontaneously and doesn't cost the cell anything in terms of expenditure of energy…it's basically “free.”

Purpose:

Together with other members of your lab group, you will design, conduct, and analyze the results of one or more simulations.  In these exercises, dialysis tubing will be used to simulate the outer membrane of a cell and the membrane surrounding organelles within cells.  Dialysis tubing, which is made from a kind of plastic, has one of the important characteristics of biological membranes: it will allow some kinds of molecules to move across and not others.  In this way the membrane is selectively permeable.  In addition to dialysis tubing, you will be provided with substances that you may use to represent different cellular components, together with reagents and procedures for "tracking" these substances.  

Choose one or more of the simulations described below as your task:

1.
Simulate a situation in which molecules move by diffusion across a membrane into a “cell.”

2.
Simulate a situation in which molecules move by diffusion across a membrane out of a “cell.”

3.
Simulate a situation in which molecules cannot move by diffusion across a membrane either into or out of a “cell.”

4.
Simulate a situation in which molecules move by diffusion across a membrane into or out of an “organelle.”

Supplies and Equipment:

Day 1:•
distilled H20
•
starch solution

•
iodine solution
•
glucose solution

•
test tubes (3-4/group)
•
test tube rack

•
10 ml graduated cylinder
•
marking tape 

•
Benedict's test solution or test strips
•
wax pencil

•
hot water bath (one for every 2-3 lab groups)

Day 2:•
distilled H20
•
starch solution

•
iodine solution
•
glucose solution

•
dental floss
•
beakers (1000 ml) or quart jars

•
dialysis tubing:  1 inch flat width, pre-soaked

•
dialysis tubing:  3 inch flat width, pre-soaked

Day 3:•
starch solution
•
iodine solution

•
Benedict's solution or test strips
•
10 ml graduated cylinder

•
test tubes (3-4/group)
•
test tube rack

•
marking tape or wax pencil
•
pipettes

•
hot water bath (one for every 2-3 lab groups)

Getting Started:

A.
Substances and How to Track Them:
Your lab group is provided with 4 different substances which can be used to represent cellular components : distilled water, starch, iodine, and glucose.  Each substance may or may not be diffusible through your membrane.  In order to accomplish your simulation you will need to be able to detect the presence of each substance in order to see whether they have indeed crossed a membrane.  We have provided you with reagents that you can use to detect starch, iodine, and glucose.

Try This:  Iodine is an indicator for a particular substance.  It changes color when added to this one particular substance but not when added to other substances.  Does iodine react with H2O?  With starch?  With glucose?  To answer this, do the following.

Using a marker, label three test tubes, H2O, starch, and glucose.

Add 2 ml of distilled H20 to one test tube (use a rinsed graduated cylinder) then add 2 ml of the starch solution to a second test tube (rinse the cylinder) and add 2 ml of the glucose solution to a third test tube.  Add 2 ml of the iodine solution to each tube.

Record on your Data Sheet, in the appropriate space, any changes in color which occur.

Try This Also:  

Benedict's solution is also an indicator for a particular substance.  Determine which of the four substances below changes color when added to Benedict's solution and heated in a hot water bath for three minutes.

Add the following to 4 separate test tubes: 

2 ml of water

2 ml of the starch solution

2 ml of the glucose solution

2 ml of the iodine solution

Add 2 ml of Benedict's test solution to each tube. (CAUTION: Benedict's solution is toxic if swallowed.)

Place the test tubes in a hot water bath for three minutes.

Record on your Data Sheet, in the appropriate space, any changes in color that occur.

B.  Membrane Simulations:
Sections of dialysis tubing are used here to simulate cell membranes.  Dialysis tubing is semi-permeable; that is, it is permeable to some molecules and impermeable to others, depending on the size of the molecules.  Think about the relative sizes of the molecules you are testing.  An iodine molecule is composed of two iodine atoms.  The molecular formula for glucose is C6H12O6 and a  molecular formula for starch is C300H520O260.  Water has the molecular formula H2O.  

Predict whether the molecules you are given are too large to pass through dialysis tubing or small enough to pass through?  Circle your answer on the Data Sheet.
Observe the demonstration given by your lab instructor at this time. 

Note that a section of 3 inch wide dialysis tubing can act nicely as a cell membrane, whereas a section of the 1 inch size tubing can be used as an organelle.

Procedure:

Day 1: Now that you are more familiar with dialysis tubing, and how to track starch, glucose, and iodine, you are ready to design your “Cell Simulation.”  Go back and read the “Purpose” section.  Also look over the information you generated while completing the section “Getting Started.”  Discuss with the other members of your group how you will design your “Cell simulation.”  You have four solutions with which to work and two different sizes of dialysis tubing with which you can simulate cell and organelle membranes.  You can place any of the four solutions wherever you think best.  Once your lab group has chosen a design, complete the “Cell Simulation Design Sheet” by drawing an illustration showing which solutions will be placed where.  Write down the predictions your group feels comfortable making with regard to the behavior of the substances in your “Cell Simulation.”  Hand your Design Sheet in to your teacher for approval.

Day 2: Using the design you developed last period and any feedback from your instructor, you can now build your “cell.”  Watch as your teacher demonstrates the use of dialysis tubing.  Be extremely careful to firmly secure each end of the tubing with dental floss.

NOTE:  When setting up your lab be sure to rinse the outside of each “bag” after it is filled and tied off.  This will ensure that the material placed inside is only present within the membrane.

With these precautions in mind, build your “cell” and set it aside for 1-2 days.

Record your chosen location of the solutions on the chart provided on your Data Sheet.

Day 3: Your substances have now had approximately 24 hours for diffusion to occur.  Today you will determine whether these substances have in fact diffused across the membranes in your simulation.  For instance, you will need to test the solution you originally placed in the organelle to see whether any of the substances from other compartments in your simulation have moved across the membrane.  Use the indicators available to determine the current location of each substance.  You may want to review the use of indicators under the section entitled “Getting Started.”  Remove only a small amount (about 2 ml) of solution from each compartment of your simulation for a given test.  Add this to an equal amount of indicator solution and record your findings in the chart provided on your Data Sheet in section 6 .
Putting the Information Together:

Now go back to the section labeled "Purpose."  Which of the four tasks in that section relates to your simulation?  Summarize the design and results of your simulation(s).  For those tasks that you did not address, how would you design simulations for those situations?

Related Material / Extending the Concepts:
After completion of the lab and class discussion, please answer the following questions in complete sentences.

1.
What molecules (found outside of a cell, but used inside a cell) might enter a living cell by passing through its cell membrane by diffusion?

2.
What molecules (generated inside a cell, but dangerous to the cell in high concentrations) might leave a living cell by passing through its cell membrane by diffusion?

3.
What molecules (inside or outside of a cell) might the cellular membrane prove impermeable to?  How might this impermeability help or hinder the living cell?

4.
Choose one of the following and explain how it was simulated in these exercises:
•
O2 continuously being provided to mitochondria within a cell.
•
CO2 continuously being provided to chloroplasts within a cell.
•
Amino acids continuously being provided to the cytoplasm within cells.

DIFFUSION ACROSS BIOLOGICAL MEMBRANES: A SIMULATION

“CELL SIMULATION”

DESIGN SHEET

Draw the design of your  “Cell Simulation.”  Include in your drawing the cell membrane, organelle membrane, and the location of each substance.

DATA SHEET

Predictions:

Fill in the following chart showing where each substance was originally placed and whether diffusion across the membrane will occur:

	Substance
	Original Location
	Where the Substance Has Moved

	Starch
	
	

	Glucose
	
	

	Iodine
	
	


A.  Substances and How to Track Them:

	Original Solution
	Added
	Observed Results

	Distilled H2O
	Iodine
	

	
	Benedict's
	

	Starch
	Iodine
	

	
	Benedict's
	

	Glucose
	Iodine
	

	
	Benedict's
	

	Iodine
	Benedict's
	


Please answer all of the following questions in complete sentences.
1.
What does Iodine test for ?  

2.
What does Benedict's reagent test for?  

3.
Why did you use water in one of the tubes?

4.
Draw a conclusion from the above activity.

5.
For each of these molecules,  make a guess whether the molecule is too large to pass through dialysis tubing or small enough to pass through?  Circle your answer.

Iodine:  I2
Water:  H2O

too large / small enough 
too large / small enough 

Glucose:  C6H12O6
Starch:  C300H520O260
too large / small enough 
too large / small enough 

6.
Chart of Substance Movement after 24 hrs. Fill in from your Day 3 observations.

	Solution Location:
	Originally Contained:
	After 24 hrs. Indicators Show:

	
	
	Starch
	Iodine
	Glucose

	Outside of Cell
	
	Yes  or  No
	Yes  or  No
	Yes  or  No

	Inside of Cell
	
	Yes  or  No
	Yes  or  No
	Yes  or  No

	Within Organelle
	
	Yes  or  No
	Yes  or  No
	Yes  or  No


Putting the Information Together

1. Which of the four tasks relates to your simulation?  

2. Summarize the design and results of your cell simulation(s).

3. Design simulations for those tasks (A, B, C, or D) that you did not address.

Related Material / Extending the Concepts:

1.
What molecules (found outside of a cell, but used inside a cell) might enter a living cell by passing through its cell membrane by diffusion?

2.
What molecules (generated inside a cell, but dangerous to the cell in high concentrations) might leave a living cell by passing through its cell membrane by diffusion?

3.
What molecules (inside or outside of a cell) might the cellular membrane prove impermeable to?  How might this impermeability help or hinder the living cell?

4.
Choose one of the following and explain how it was simulated in these exercises:

a. O2 continuously being provided to mitochondria within a cell.
b. CO2 continuously being provided to chloroplasts within a cell.
c. Amino acids continuously being provided to the cytoplasm within cells.
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