Membrane Permeability
Although not all researchers agree on the fundamental nature of membranes, all agree that membranes take on properties fundamental to the very existence of life. Following the theory of Albert Szent-Gyorgyi, they believe that the understanding of life can be achieved through an understanding of the mechanisms for electron flow through basic organic systems (photosynthesis and respiration) and that these systems in turn exist only through compartmentalization within a cell. Without it, there would be no organelles, and indeed, no cell. 

While membranes can be studied within living cells, membrane composition requires isolation and subfractionation of the membrane components. Once isolated, the membranes can be solubilized through the use of detergents and analyzed for proteins, lipids and carbohydrates. The study of biomembranes can be done with techniques requiring minimal equipment, such as osmotic shrinking or swelling of erythrocytes. Some techniques can be so complex as to require a complete organic and physical chemistry lab. 

Membranes are made up of a bilayer of a mixture of lipids and proteins.  Membrane lipids are all amphipathic (have both hydrophobic and hydrophilic segments).  The three main types of lipids found in membranes are phospholipids, glycolipids, and sterols (cholesterol in animals).  These lipids form a bilayer with distinctive properties.  Each side of the membrane can have a unique lipid composition, a condition called lipid asymmetry.  Depending on its lipid composition a membrane can differ in its fluidity and can affect membrane protein function, particularly of such processes as photosynthesis which rely on mobile proteins/enzymes within the membrane to carry out the process.
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Substances can cross a plasma membrane by passive transport (i.e., diffusion) or active transport.  Due to the lipid nature of the bulk of the membrane, aqueous materials move either by facilitated diffusion or by active transport as proteins provide a hydrophilic “tunnel” through the membrane.  Hydrophobic materials may more easily diffuse through the membrane.
Diffusion is defined as the overall movement of a substance from an area of high concentration to an area of low concentration via random molecular movement until equilibrium is reached.  This condition must be met regardless of whether the substance is hydrophobic or hydrophilic.  Additionally, a measure of how hydrophobic/hydrophilic a molecule is can predict how easily it may passively pass across a membrane.  This hydrophobic/hydrophilic character is defined as a substance’s partition coefficient and is a measure of the substance’s ability to dissolve in a nonpolar solvent (e.g., vegetable oil) compared to its ability to dissolve in water (a polar solvent) when put in a container with both solvents.
The rate of membrane penetration can also be affected by a molecule’s size.  It has been found that when two molecules with the same partition coefficient are measured, the smaller molecule passes through the membrane faster.  Thus, small molecules, such as gases, can diffuse through membranes extremely easily.  On the other hand, molecules larger than ~150 Daltons, such as sugars and amino acids, can only move across membranes if helped by membrane proteins via facilitated diffusion or active transport.  This allows an organism to control the movement of such metabolically important molecules.

In addition to properties of a molecule, such as polarity, size, and charge, properties of the internal and external cellular environment can also affect rates of transport.  Tonicity is the measure of the difference in osmotic potential between the internal cellular environment and its surroundings.  A hypertonic solution has a greater concentration of solute than that within the cell.  Because water can much more easily pass through a cell membrane than most solutes, instead of the solute diffusing in to equilibrate the concentration gradient, water will diffuse out of the cell, causing the cell to shrink.  If sufficient water diffuses out of a plant cell to pull the membrane entirely away from the cell wall, the cell is said to have plasmolyzed.




Materials 

0M, 0.05 M, 0.1M, 0.2M, 0.3M, 0.4M, 0.5M and 1.0M solutions each of:

sucrose, sodium chloride, potassium chloride and calcium nitrate 

Fresh red onion

8 well culture dish

Forceps

Razor blades 

Droppers

Glass slides and coverslips

Microscope 

Procedure 

Using a razor blade carefully peel off the outer epidermis of a red onion to get a layer approximately one cell thick.  Cut this piece of epidermis into eight pieces of equal size.  

Place all pieces of membrane into distilled water for at least 3 minutes.  Then transfer a piece into each of the separate NaCl solutions in the culture plate.  Leave submerged for 20 minutes.  (You may want to stagger these in time.)
Then place each piece of epidermis in the center of a glass slide with some of the correct salt solution and carefully add a coverslip.

Examine each slide under a microscope and record the total number of cells and the number of plasmolyzed cells.  From this calculate the percent plasmolyzed cells.

Repeat this procedure for sucrose and the other salt solutions.

For each solution plot % plasmolysis with concentration and calculate the molarity at which 50% of the cells have plasmolyzed.  This represents the osmotic potential of the cell and indicates the average concentration of each solute found within the cells.
