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Spring, 2009

Lab 6- ELECTROPHORESIS OF PURIFIED FLAGELLAR PROTEINS
Before coming to lab:  Please read the section on polyacrylamide gels for protein separation in pp517-518 in the Alberts et al text.

Acrylamide gels.   Electrophoretic separation of proteins is often carried out on gels of polyacrylamide (polymerized acrylamide).  These gels can be made by combining acrylamide monomer in such a way to cause polymerization into cross-linked chains.  These chains form a three-dimensional gel, represented below.
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From: Gel Electrophoresis of Proteins. B.D. Hames and D. Rickwoods, eds.  IRL Press, Oxford, 1981
By varying the total amount of acrylamide and the proportion of cross-linker to acrylamide monomer, the rigidity and pore size of the gel can be controlled.  The pore size is chosen according to the size of the molecules to be separated.

Separation of proteins.  Proteins are variable in their chemical nature because of the variety of R groups in the amino acid residues.  The charge of a protein depends upon the particular combination of ionizable groups in that protein and on the pH of the solution. 
In order to separate proteins on the basis of molecular weight alone, we heat them in a solution containing a detergent called sodium dodecyl sulfate (SDS) and a reducing agent such as 2-mercaptoethanol or dithiothreitol.  This causes the  polypeptide chains to be unfolded (denatured) and coated with a layer of the negatively charged detergent.  The reducing agent reduces disulfide bonds, which helps to keep the proteins denatured and to prevent polypeptide chains from associating with each other.  Because polypeptides bind a constant amount of SDS per mass, they now have equivalent amount of negative charge per unit size so that they can be separated primarily on the basis of molecular weight.  
Because we run these gels vertically, loading samples at the top, larger proteins will migrate slower and be found nearer the top of the gel, while smaller proteins will migrate faster and be found nearer the bottom of the gel.

The relative distance, Rf, migrated by a particular protein is calculated as follows:
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Rf is inversely proportional to the log10 of the protein’s molecular weight.  By running a mixture of polypeptides of known molecular weights ("standards"), one can construct a standard curve showing this relationship.  Then, by calculating the Rf of a particular protein on a gel, its molecular weight can be read off the standard curve.

Polyacrylamide gels. May be constructed in glass tubes (tube gels) or between glass plates (slab gels).  A diagram of a slab gel apparatus is shown below.  There are two ways to prepare polyacrylamide gels: 

· Discontinuous gels that contain two layers: a layer above (“stacking gel”) containing a lower percentage of acrylamide and a layer below (“running gel”) containing a higher percentage.

· Gradient gels whose percentage of acrylamide changes continuously from lower above to higher below.  
The increase in concentration from top to bottom helps to sort the proteins: lower concentrations near the top allow all proteins to move but smaller proteins are more mobile and can get out ahead.  Near the bottom the higher concentrations help spread the smaller proteins for better resolution of sizes. 

In our lab, we will be using gradients to 4%-15% acrylamide.   
Loading dye/ Sample buffer.  Since most proteins in solution are transparent, it is difficult to monitor their progress during electrophoresis.  For this reason, a visible "tracking dye" such as bromophenol blue is usually added to protein solutions.  The small, negatively charged dye molecule will move through the gel more quickly than proteins and thus serve as a measure of how fast the gel is running.  As long as the dye front is still visible on the gel, one can be sure that the proteins have not yet moved off the end.  Relative mobilities of proteins (Rf values) are calculated by use of the dye front as a reference.

Visualizing the proteins.  After electrophoresis is complete, the gel is stained protein bands appear blue against a clear background.  The gel can then be photographed or photocopied for a permanent record.
By measuring the size of proteins, scientists can (1) separate and catalog a collection of proteins from a particular cellular structure, (2) compare the proteins expressed by different cells or cellular fractions or (3) partially purify particular proteins.  
While tentative identifications of well characterized proteins can be made on the basis of MW from SDS page, definitive identification requires a further step using antibodies that specifically recognize the protein of interest. Such antibodies can be labeled directly or indirectly with a  marker and applied either to the gels themselves or to "blots" of these proteins on a filter.
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