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SDS PAGE

(Sodium Dodecyl Sulfate PolyAcrylamide Gel Electrophoresis)
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Intro:
SDS PAGE is a technique used to separate proteins solely by size. 

In the same way that an electric charge can be used to move fragments of DNA through a gel – with the fragments separated by length, proteins can also be sorted by length.

Since DNA is a linear molecule and it has a net negative charge, very little preparation is needed to ready DNA for electrophoresis.  However, this is not the case with proteins, since each protein is folded in its own unique way that masks its length, and some proteins have a negative charge while others are neutral or positively charged.  All of these factors would affect how a protein moves through a gel.  So to separate proteins solely by their length, they must first be properly prepared.

1. proteins must be denatured – or straightened out into their linear shape. 

2. a negative charge must be applied evenly around all of the proteins in the sample.  

These steps are done by heating the protein in a solution of SDS.  Now every protein in the sample is in its linear shape and there is an even negative charge surrounding each protein.  They will now move through the gel at a speed determined only by their length – or molecular weight.

Proteins are created in a linear form but immediately fold into their characteristic shape – the shape that gives them their functionality.  The shape is determined by the type of amino acids that make up the protein and by the 4 basic rules that drive protein folding.  The rules are:

4 basic protein folding rules
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1. Hydrophobic amino acids: These amino acids are repelled from water and will bury themselves 
on the inside of the protein. 


2. Polar or hydrophilic amino acids:  These amino acids are attracted to water and are usually 
found on the outside of the protein. 


3. Charged amino acids:  These amino acids have either a positive or negative charge and are usually found on the outside of the protein with a positive amino acid binding to a negative amino acid. 


4. Cysteine amino acid:  This amino acid often forms disulfide bonds with and attach to other cysteine amino acids.



The steps that are modeled in this activity:

a. Create a protein following the 4 basic folding rules

b. Denature the protein

How the students actually fold their protein does not affect this activity – they just need a protein to unfold.  However, you can encourage the students to be as creative as possible when folding their protein.  This is a great time to talk about what proteins are and how they work.
c. Run the gel to separate each protein in the class by length

d. Stain the proteins

Once the proteins have been separated by size on the gel, they can be identified by a technique called Western Blot (see Western Blot Paper Activity)

Teacher Prep for Activity
1) Print one set of activities for each group.

2) Create a large “gel” on the blackboard, wall or other large space.  

a. Cut out all the pieces on page 9.  The pieces to be cut include the three Number of Amino Acids strips and one Loading Well for each group in the class.


b. Tape the Loading Wells across the blackboard.


c. Tape the three Number of amino Acids strips together and tape them down one side of the Loading Wells.

3)  Provide the following materials to each group:

· yellow, blue, red and green markers

· roll of tape
· paper clips


Student Prep for Activity

Create Your Protein

Each student in a group can create a different protein.  During the experiment, the different proteins will be separated by size.

1. Cut out one or more of the Protein Strips on page 7.  You can make the protein as large or as small as you wish by taping multiple protein strips end-to-end or cutting one protein strip into a smaller fragment.  It is suggested that each student in a group make a protein of a different length.



2. Color in the amino acids in any of the five colors (consider “clear” as a color) listed in the chart above.

  
3. Fold your protein according to the rules in the chart above.  

· Bind the positively and negatively charged amino acids together with a paper clip.  

· Bind two cysteine amino acids together with a paper clip.  

· Fold the protein so the hydrophobic amino acids are on the inside and the hydrophilic proteins are on the outside. 

· When folding your protein, be sure to fold it in three dimensions, twisting and turning the protein into as complex a shape as possible while still following the rules.

Now your protein is ready for the SDS PAGE experiment.


Perform the SDS Page
Denature your protein

The first step in denaturing the protein is to add a buffer.  The buffer, which contains SDS, breaks all of the chemical bonds which gives the protein its shape, and adds a negative charge to the whole protein.

The second step is to heat the protein to complete the denaturation.

1. Remove all of the paper clips from your protein and straighten it out into its linear shape.

Run the Gel
2. Count the number of amino acids on your protein and write the number on the back of the protein.

3. Tape your protein on the large Gel on the board, placing the gel under one of the wells and across from the corresponding number of amino acids. You may fold the protein so it fits on the gel.  Make sure to tape your protein so the colored amino acids don’t show.    

In a real gel, the proteins can not be seen until the gel is stained.  Even then, the amino acid sequence is not known.  

Each group will place their proteins under a different well.  Feel free to fold your protein so it fits under the well.

Stain the proteins

4. Stain the proteins by coloring in the proteins on the gel.


Extension  

SDS PAGE does not identify the different proteins in a sample, it only sorts them by size.  The size of the protein can be determined by comparing the protein’s band to that of a series of bands of proteins of known length.  This sample of proteins, known as Molecular Weight Standards, is run in the well next to the sample.
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