Diffusion: Molecular Transport through Membranes
Teacher Preparation Notes

Dr. Jennifer Doherty and Dr. Ingrid Waldron, Department of Biology, University of Pennsylvania, 2009

The experimental setup for this activity is venpiar to the experimental setup for our activity,
Investigating Osmosis. If your primary learningags an understanding of osmosis, we suggest
that you use Investigating Osmosis.

Equipment and Supplies

200 ml beaker or container (1 per group)

15% Glucose solution (about 4 ml per group)
(Glucose may be sold as Dextrose, can be foundenh the pharmacy often times in
tablet form, or sometimes in a cake decorating sugipre (e.g. Joann’s))

1% Starch solution, Corn or Potato (about 4 migyeup)

1” Dialysis Tubing (15 cm per group)*

String (12 inches per group)

lodine-Potassium lodide Solution (IKI) (0.2 mL pgoup)*

Transfer pipets (3-5 per class)

Diastix glucose test strips (1 per group)*

Graduated cylinder or scale**

Paper Towels (several per group)

*Purchase from Carolina Biological www.carolina.com

lodine-Potassium lodide Solution 86-9055 $7.55 B0(alternatively you can purchase lodine
Tincture or Povidone-lodine through your local phacy)

Glucose test strips 89-3840 $20.35/100 stripsr(atesely you may be able to find urinalysis
glucose test strips at your local pharmacy)

1” Dialysis Tubing 68-4212 1% 10 ft $5.50 Each

** Students can measure diffusion of water intodat of) the dialysis tube by measuring change
in the volume of solution in the tube, change & ¥olume of solution in the beaker, or change
in the weight of the solution in the tubing. A seaable measure of change in volume in the
tube is change in the length of the part of théydia tube which is filled with solution (which
should be approximately 5-10 mm change in 10-2Qutes). To measure the relatively small
change of volume of water in the beaker outsideltalysis tubing, students will need to use a
graduated cylinder. For measures of change inlweygu can expect changes of approximately
0.5-1.0 g in 10-20 minutes; the outside of the taihe the string should be as dry as possible for
both weighings.

Preparation before Class
Prepare 15% glucose solution by dissolving 15 gage for every 85 ml of water.
To prepare 1% starch solution, add 1 g of corrchktar potato starch to every 99 mL of cold
water. Bring the mixture to a full boil and alloune to cool. Starch is insoluble in cold
water and needs to be boiled to stay in solutibinis can be done in a microwave.
Cut the dialysis tubing into 15 cm lengths. Youymaéso want to precut the 6 inch pieces of
string. Instead of using string, you may provitledents with longer pieces of dialysis
tubing and have them tie knots in the tubing.

! These teacher preparation notes and the relatddrgthandout are available at http://serendip.bagmnedu/sci_edu/waldron



Teaching Information

After filling their dialysis tubes students needittse the tubes in fresh water to remove any
spilled starch and glucose from the outside otidigs. They need to make especially sure to
squeeze out the excess liquid from the strings lvtiécthe tubes closed. To contribute to more
accurate results the students may also want tothenstrings as short as possible once the knots
have been tied. If you do not have a sink, a seriéarge containers of water will work.

The lodine-Potassium lodide Solution is used asdicator of starch presence. loding (¢
relatively insoluble in water so potassium iodiéé) (s added to the solution. lodine iong )l
which are soluble in water, are then formed. Wioeline ions and starch are in the same
solution the iodine ions get bound up in the betglase coils of the starch. This is what causes
the color change of starch from white/clear to bloi@is binding also removes the iodine ions
from solution. Therefore, students will see thevior tinted water in the beaker get continually
lighter throughout the activity as the iodine imosntinually diffuse into the dialysis tubing and
become bound up.

Teaching Points

- In all biological organisms, each cell is enclobgd selectively permeable membrane which
regulates what gets into and out of the cell.
[See the next two pages for additional questionsoan use to help students develop a more
sophisticated understanding of selectively permeebldlogical membranes.]
The process of diffusion moves substances dowmeertration gradient, from regions of
high concentration to regions of low concentration.
Diffusion of water across a selectively permeabé&irane is called osmosis; osmosis
results in net movement of water from a solutiothvai high concentration of free water
molecules (low concentration of solutes) to a sofutvith a low concentration of free water
molecules (high concentration of solutes).
[See the section below for additional and altexsasipproaches for teaching osmosis.]
Starch does not pass through the membrane bedasi$ea large to fit through the pores of
the dialysis tubing, whereas both glucose and mdie small enough to pass through the
membrane.

Demonstrations of Osmosis

You may want to enhance student learning about ssny including one or both of the
following demonstrations of osmosis. If your priméearning goal is an understanding of
0smosis, we suggest that use our activity, Invastig Osmosis.

The demonstration of osmosis in this activity carsbpplemented by a demonstration of
osmosis using chicken eggs. Have students placeggs in a container of vinegar. Within 24
hours the shell will dissolve leaving the inner nieames intact. Have students gently remove
the egg from the vinegar and gently wash off thee &tell remnants. The students can then
experiment by placing the egg in solutions witHetént osmotic potentials (such as water, syrup,
or soda) and observe changes in the weight or whinthe egg.

If you have microscopes available, you can dematesthe effects of osmosis in the cells of
Elodea (sometimes called Anacharis; availablesh §tores). Cells can be observed in both a
hypotonic solution (water) and a hypertonic solutfooncentrated salt water). In the hypertonic
solution water will diffuse out of the Elodea cediisd into the surrounding solution; it is easy to
observe the cell membrane pull away from the call s the cell loses water (called
plasmolysis).



Additional questions for possible use instead of qu estion 5 on page 4 of the Student
Handout .

5. As shown in the figures below, a cell membrane consists of a phospholipid bilayer, with
proteins embedded in the phospholipid bilayer. What does it mean to say that a cell membrane
is selectively permeable?

To understand how cell membranes are selectively permeable, you need to understand how
substances move across the cell membrane. This differs for polar vs. nonpolar molecules.
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(Figure from Krogh, Biology -- a Guide to the Natural World, Fourth Edition)

What does it mean to say that oxygen is a non-polar molecule?

How do you know that oxygen is a nonpolar molecule?

Nonpolar substances like oxygen can diffuse across the plasma membrane because nonpolar
molecules dissolve in the non-polar lipids of the phospholipid bilayer.

Diffusion is always from regions of higher concentration to regions of lower concentration. Is the

concentration of oxygen higher inside a cell or outside? How do you know?

Assume that the first part of the figure shows the diffusion of oxygen, and label the phospholipid
bilayer and the inside and outside of the cell



Many substances (e.g. ions and sugars) can not diffuse through the phospholipid bilayer. Most
polar molecules and ions can only cross the cell membrane if there is a specific type of protein
to transport that specific type of polar molecule or ion. (One exception is water, a very small
polar molecule, which can diffuse through the phospholipid portion of the cell membrane.)
Some of the membrane proteins only allow a specific type of molecule or ion to cross the cell
membrane under certain conditions. Thus, the proteins in the cell membrane regulate whether
various ions and polar molecules can get into or out of the cell, and the cell membrane is
selectively permeable.

In the third part of the figure on the previous page, energy provided by ATP is required for active

transport of the substance shown. Why is active transport needed for this substance to cross
the membrane in the direction shown?

Which way would the substance move if it were moving by diffusion?

In your investigation you used a synthetic selectively permeable membrane that is incapable of
producing energy. What type of molecular transport was shown in this investigation—diffusion
or active transport?

Explain how you know this.



