EXERCISE 5B


SEPARATION OF PROTEINS 


BY SDS-GEL ELECTROPHORESIS





Introduction





	Electrophoretic procedures are rapid, and small amounts of macromolecules can be conveniently detected in gels by staining or autoradiography.  Polyacrylamide gel electrophoresis is the method of choice for fractionating and characterizing mixtures of proteins.  In addition, it is so simple to perform electrophoretic separations on large numbers of samples that electrophoresis can be used to assay fractions from chromatography columns, radiolabeling experiments, or protein modification experiments.





	If the protein is dissociated and denatured with sodium dodecly sulfate (SDS) and a reducing agent before electrophoresis the electrophoretic migration of the protein is inversely proportional its molecular weight.  SDS is a negatively charged detergent that binds hydrophobically to polypeptide chains.  Upon the addition of a reducing agent (e.g.  -mercaptoethanol) and heat, all inter- and intra-chain disulfide bonds break, leaving the denatured protein fully reduced and separated into individual polypeptide subunits.  Most proteins bind a constant amount of SDS per amino acid residue (Tanford et al., 1974).  In so doing, they acquire a fixed charge-to-mass ratio.  Proteins, under these conditions, differ only in their size (length).  Electrophoresis of such denatured proteins, then, separates them according to size (for exceptions see Neville, 1971).  The distance of electrophoretic migration relative to the buffer front is inversely proportional to the log of the molecular weight.





	Electrophoretic estimation of the sizes of undenatured, multimeric proteins can also be performed in nondenaturing gels (Hedrick and Smith 1968), but this procedure is much more complex than size estimation in denaturing SDS-gels and will not be considered here.





	A wide variety of modifications have evolved from the basic gel electrophoretic techniques. The major classes of these modifications have been reviewed previously (Schleif and Wensink, 1981), and are outlined below. More detailed descriptions can be found in Hames and Rickwood (1981).


�
Materials and Methods





Materials





	The following materials will be required: Electrophoresis apparatus, a power supply, micropipetter, gel loading tips, as well as standards and gel reagents listed in Appendix 5-1.





	Preparation of 12.5% Resolving Gel (done a head of time by the instructor)





	Glass gel electrophoresis plates  must be thoroughly cleaned (usually by instructor) with soapy water, extensively rinsed with distilled water and then left standing to dry in a test tube rack with pins. Also obtain 2 side spacers and 1 bottom spacer (1.5-mm-thick). Make a glass-plate-sandwich, by placing the spacers between (2 sides and bottom) the glass plates. Clamp the side and bottom edges of with binder clips (2 or 3 per side). Seal edges of plates with 2% agarose solution using a Pasteur pipet.  





	Mix in a 250 mL side-arm flask 100 mL of resolving gel solution as follows:  41.75 mL acrylamide stock (see Appendix 1 for stock solutions), 12.5 mL of 8x running buffer, 0.5 mL 20% SDS and 45.25 mL of H2O to give a final volume of 100 mL. WARNING: Unpolymerized acrylamide is a toxin of the central nervous system! Always wear gloves when handling acrylamide or making acrylamide gels; never pipet acrylamide solutions by mouth! Even after polymerization, a small amount of acrylamide monomer remains in the gel. Stopper the flasks and apply a vacuum for 3-5 minutes. Swirl the flask gently a few times. Next, add 300 µL 10% ammonium persulfate (freshly prepared) and 20 µL TEMED. Swirly the flask gently to mix but be careful not to generate bubbles. Pipet the solution in the gel sandwiches to a level about 2 cm below the top of the glass plates. Overlay the gel with water-saturated isobutanol. Layer the isobutanol solution gently, using a Pasteur pipet. A sharp isobutanol-gel interface should appear after 15 to 30 minutes under the isobutanol layer when the gel is polymerized. Store gels for at last 2 hours (gels can be kept for several days in sealed plastic bag containing wet paper towels). 





	Preparation of 6% Stacking Gel (Also done by the instructor)





	 In a 125 mL side-arm flask mix 20.1 mL of stacking gel solution as follows: 4 mL acrylamide stock (see Appendix 1 for stock solutions), 5 mL (4x) stacking gel buffer, 100 µL 20% SDS and 11 mL of H2O to give a final volume of 20.1 mL. Evacuate as before, then add 150 µL 10% ammonium persulfate and 10 µL TEMED. Swirl the flask to mix; be careful not to generate bubbles. Just before adding the stacking gel, pour off the isobutanol. Rinse the surface of the gel several times with distilled H2O. Fill the sandwich with the gel mixture. Insert the comb into the gel, taking care not to allow air bubbles to collect under the "teeth". The comb should extend into the gel far enough to give a stacking gel of about 2 cm. Allow the gel to polymerize for about 30 minutes. When the process is complete, you should be able to see Schlieren lines around the teeth of the gel comb. The gel can be loaded immediately after the stacking gel has polymerized.





	Electrophoresis (Done together as a class)





	Clamp the gel to the electrophoresis system with 2 binder clamps per side. Carefully remove the gel comb and the bottom spacer. Fill the upper and lower chambers with reservoir buffer. Using the Pasteur pipet, rinse the wells with reservoir buffer. The apparatus is now ready for the samples (see sample preparation below). Load samples using a micropipeter and special gel loading tips. The sample volume should be in the range of 5 to 30 µL and should contain no more than about 30 µg protein.





	Insert the pipet tip into the desired slot and slowly expel the contents of the tip into the well. Rinse the tip after each sample (the upper reservoir buffer is useful for this), and repeat until all samples have been loaded. Put the lid on the unit and connect to a power supply. The cathode (black lead) should be connected to the upper buffer chamber and the anode (red lead) should be attached to the lower chamber. Set the power supply at constant power (2.5 W). Initial voltage and current setting should be about 100 V and 25 mA. The bromphenol tracking dye should be electrophoresed to about 1 cm from the bottom of the gel (3-4 hours).





	Sample Preparation (Each group will prepare a sample of each fraction)


	


	In general, protein should be in low ionic strength buffer (< 100 mM), water or as a pellet. When possible the protein concentration should be estimated using a standard method and should be in the range of 0.5-10 mg/mL. Mix liquid samples in an equal volume of 2x sample loading buffer then place in boiling water bath for 1 minute. Load sample immediately.





	Staining and Destaining the Gel





	Following electrophoresis, discard the reservoir buffer in the upper chamber. Remove the gel sandwich from the apparatus and remove the spacers from the sides. Using a razor blade or a spatula, gently pry the plates apart. Be careful that the gel is adhering to only one plate or it will tear. Add about 100 mL of stain solution to a glass or plastic staining tray. Put the gel into the stain solution by inverting the gel over the box containing the stain; if the gel adheres to the plate, tease one corner of the gel off the plat with a spatula; touch this edge to the surface of the stain solution and the gel should peel away from the plate without further assistance. Cover the staining tray and shake gently from 1 hour to overnight. Pour off the stain and cover the gel with destain solution. Gently shake for at least 30 minutes. Repeat step 4 until the gel is destained to the appropriate level. A small piece of foam rubber (or a wadded Kimwipe) included in the box along the edge will absorb stain and permit faster destaining of the gel. 





	Analysis of the Gel





	The gel may be analyzed in several ways. It may be place on a light box and photographed to obtain a permanent record. It may be scanned and analyzed using a densitometer (many modern instrument are linked to a computer which allows generation and saving of a digital image). If the gel contains radioactivity labeled proteins, fluorography may be carried out after the Coomassie blue staining.  


	After destaining the gel will be photographed.  Copies of the photo will be distributed to the students.  Analyze the findings, compare the banding of the three fractions with each other and the ladders.


�



Appendix 5-1.





	Preparation of Stock Solutions





	Acrylamide stock: (30:0.8)


		30% (w/v) acrylamide		58.4 g acrylamide


		0.8% (w/v) bisacrylamide		 1.6 g methyl-bisacrylamide





Adjust final volume to 200 mL with distilled H2O, filter through 0.22 µm nitrocellulose filter and store at 4o in dark.





	10% ammonium persulfate:		0.5 g ammonium persulfate





Adjust volume to 5 mL with distilled H2O and store at 4o for no longer than 2 weeks.





	Running gel buffer (8x):			197.7 g Tris base


		3 M Tris-HCl (pH 8.8)





Add 250 mL of H2O and adjust pH to 8.8 with HCl. Adjust final volume to 500 mL with distilled H2O, filter through 0.22 µm nitrocellulose filter and store at room temperature.





	Stacking gel buffer (4x):			 15.1 g Tris base


		0.5 M Tris-HCl (pH 6.8)





Add 150 mL of H2O and adjust pH to 6.8 with HCl. Adjust final volume to 250 mL with distilled H2O, filter through 0.22 µm nitrocellulose filter and store at room temperature.





	20% (w/v) SDS:				40 g SDS





Adjust final volume to 200 mL with distilled H2O, filter through 0.22 µm nitrocellulose filter and store at room temperature.





	Reservoir buffer:			


		25 mM Tris				12.0 g Tris base


		0.192 M glycine			57.6 glycine


		0.1% (w/v) SDS			20 mL 20% SDS





Adjust final volume to 4000 mL with distilled H2O, store at room temperature. The pH of this solution (approximately 8.3) should not require adjustment.





	Sample loading buffer (2x):			


		120 mM Tris			 0.3 g Tris base


		 4% (w/v) SDS			 4 mL 20% SDS


		10%  -mercaptoethanol		 2 mL  -mercaptoethanol


		20% (v/v) glycerol			 4 mL glycerol


		 2 mg/mL bromphenol blue	40 mg bromphenol blue


					10 mL distilled H2O 





Thoroughly dissolve components, separate into 1 mL aliquots and store at -20o.





	Stain solution:				   


	 0.125% Coomasie blue			  1.25 g Coomassie blue R250


	50% (v/v) methanol			500 mL methanol


	10% (v/v) acetic acid			100 mL glacial acetic acid





Adjust final volume to 1000 mL with distilled H2O, filter through Whatman #1 filter paper and store at room temperature.








	Destain solution:				   


	10% (v/v) methanol			1000 mL methanol


	 7% (v/v) acetic acid			 700 mL glacial acetic acid


Adjust final volume to 10 L with distilled H2O and store at room temperature.





	Water-saturated isobutanol		100 mL isobutanol


							100 mL distilled H2O





Mix together and shake well; two phases should form, butanol on the top and H2O on the bottom. Store tightly in capped bottle.





	Molecular weight standards		Obtain from commercial sources


							Store at -20o.





