SDS PAGE:  Separating Proteins by Molecular Weight
Introduction

Sodium-dodecyl sulfate polyacrylamide gel electrophoresis (SDS PAGE) is one of the principal methods of separating proteins.   SDS PAGE separates proteins based only on differences in their molecular weight.  SDS is a negatively charged molecule that binds to proteins in a ratio of approximately 1 SDS molecule for every 2 amino acids (Fig. 1).  In native electrophoresis, protein’s have electrophoretic mobilities that differ due to differences among proteins in size, shape and charge.  Since SDS binds at a constant ratio to all proteins and denatures the protein as well, there are no longer differences among proteins in charge and shape that can cause differences in electrophoretic mobility.  Thus, only differences in molecular weight affect protein electrophoretic mobility in SDS PAGE.   

In this lab, you will electrophoretically examine the molecular weights of the proteins from two different tissues, and we will also examine some unknown proteins.  To determine the molecular weight of proteins using SDS PAGE, you must have markers of known molecular weight.  We will use as markers the proteins listed in Table 1.  By comparing the electrophoretic mobility of your unknown proteins to that of the markers, you can estimate the molecular weight of your unknown proteins.
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Figure 1.  The detergent, SDS, with polar head group and hydrophobic hydrocarbon tail (top) and it’s interaction with a protein (bottom).  The protein sample is usually denatured by heating to near 100( C in the presence of SDS,  and the SDS binds to both hydrophilic and hydrophobic regions of the unraveled protein and keeps it from refolding.  In addition, a reducing agent like (-mercaptoethanol (not shown) is added to reduce the disulfide bridges between cysteine residues.
Table 1. Molecular weights and colors of protein standard markers used for electrophoresis.

	Protein marker
	MW (kD)
	Color

	Myosin heavy chain
	218
	Blue

	(-galactosidase
	126
	Magenta

	Bovine serum albumin (BSA)
	90
	Green

	Carbonic anhydrase
	43.5
	Violet

	Soybean trypsin inhibitor
	33.9
	Orange

	Lysozyme
	17.4
	Red

	Aprotinin
	7.6
	Blue


Equipment and Supplies

Electrophoresis unit

Power supply

Digital pipettes

Running buffer

Staining solution

Destaining solution

Stain boxes

Muscle extract

Unknown proteins

Procedures

1. Label 1 eppendorff tube with “extract” for your muscle homogenate, and then label 6 additional eppendorff tubes with the 6 fraction numbers that you obtained in the chromatography experiment. 
2. Add 20 (l of each sample to the appropriate tubes. 
3. Add 40 (l of sample buffer (blue solution in small tube) to each tube.  
4. Place all 4 samples in a foam rack and float the rack in a beaker of boiling water for 4 min.  This will assure that the proteins are denatured and the SDS will keep them in this form.
5. Read the instructions on the precast gel and follow them to remove the gel.  Place the precast polyacrylamide gel in your electrophoresis unit as described by the instructor.
6. Make your running buffer:  Add 270 ml DI H2O to 30 ml of the 10X Running Buffer solution.
7. Add approximately 115 ml of running buffer to the upper buffer chamber of the gel.  Fill until the buffer reaches halfway between the tops of the short and long glass plates.  Add the rest of the running buffer to the bottom chamber.
8. Load 5 (l of standard protein markers to well 1.  Add 25 (l of each of your samples as follows: “extract” in wells 2 and 9, and then each of your 6 fractions in order in wells 3-8.    Your instructor will show you how to add sample to the wells.
9. Place the lid on top and connect the electrodes.  Electrophorese the sample at a constant 200 V for 30 min to allow the proteins to separate.
10. After electrophoresis, disconnect the electrodes, carefully remove the gel and place it in staining solution.  

Homework
1. Take an image of the gel and include it with your homework.  Be sure to label the lanes on your gel and the molecular weights of the standards.
2. What is the approximate MW range of each sample?  What is the approximate MW of the most dominant proteins (darkest bands) in each tissue sample?  Did the size exclusion chromatography method work?  Why or why not?
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