Gel Permeation Chromatography
Adapted from a protocol © David P. Goldenberg, 2003, University of Utah
Materials

1. A column packed with Sephadex G-25. This column packing material is made of chemically cross-linked dextran and has pores that are small enough to exclude molecules with molecular weights greater than about 5,000. Sephadex is supplied in a dry form that must be hydrated, but this has already been done for you, and the column poured. 
2. Blue dextran. This is a very high molecular weight (~ 2,000,000) dextran, to which a blue dye has been covalently attached. It is excluded from the pores of virtually any gel filtration media and is widely used to calibrate columns. We will use a 0.2% solution in 1x TAE buffer.  
3. Phenol red. This is a low molecular weight dye (MW 354) that should be able to fully enter the pores of the Sephadex G-25. We will use a 0.1% solution in 1x TAE buffer.
4. 50% glycerol.  50% glycerol will be added to your sample so that it will sink.
5. Buffer.  For this experiment, we will use 1x TAE buffer.
6. Ring stand, flask, tubing, and adapters.  
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Procedure

1. For a buffer reservoir, you will use an Erlenmeyer flask with a length of Tygon tubing held in place with tape. Fill the flask with buffer and use a syringe to draw buffer through the tubing. Clamp the tubing. 
2. Attach the tubing from the buffer reservoir to the top of the column using a luer adapter. Unclamp the tubing and allow the buffer to flow through the column into a waste container. Ideally the flow from the tubing should go down the side of the column rather than dropping directly onto the bed (which disrupts the packing).  Tightening the cap helps with this.  You may also need to briefly hold the column at an angle so that a track is established down the side, then re-straighten the column. Wash the column with 3 column volumes of buffer (~ 75 mL).
3. After the column is washed, clamp the inlet and outlet tubes and remove the yellow cap.
4. Prepare the sample by mixing:
a. 0.5 mL of blue dextran (0.2% w/v in 1x TAE)
b. 0.5 mL of phenol red (0.1% w/v in 1x TAE)
c. 0.2 mL of 50% glycerol
5. Prepare 25 test tubes to collect your fractions. In one tube, pipet 2 mL of water, and use a marker to note the height of 2 mL. Make a mark on each tube at that height. (This is not a perfect way to measure the volume of each fraction, but it will serve well enough for this demonstration.) Number the tubes and place them in a rack.
6. Apply the sample to the column as follows:
d. Make sure that there is ~2 cm of buffer above the resin bed.  
e. Remove the yellow cap from the column.
f. Draw the sample into a Pasteur pipet. Remove any bubbles from the pipet, and make sure that it is filled right up to the open end.
g. Place the end of the pipet just above the surface of the resin bed, touching the side wall.
h. Slowly empty the pipet while circling the tip around the column wall.   (The idea is to get a thin, even layer of sample across the surface of the bed—don’t just put the sample on one side.)  The extra density from the glycerol should cause the sample to layer itself on the top of the bed.  
i. Replace the yellow cap on the column, but leave the tubing to the buffer reservoir disconnected.
j. Open the stopcock at the bottom of the column and begin collecting fractions of 2 mL per tube; move on to the next tube as each tube reaches the 2 mL mark.
k. After the sample has fully entered the column (but before the bed goes dry!), reconnect the buffer reservoir and remove the clamp from the inlet tubing.
7. All the dye should have eluted by the time you get to tube 25; if not, get more tubes and elute until all the dye has come off the column
8. Measure the absorbance of each fraction at 590 nm. (This wavelength will detect both red and blue dye.)  Use a single plastic cuvette to measure the absorbances of all of the fractions.  
9. Plot the absorbance at 590 nm as a function of elution volume (not fraction number). We will assign the measured absorbance for each fraction to the middle of the fraction. Because your fraction volume is 2 mL, then the absorbance of fraction 1 corresponds to elution volume = 1 mL, the absorbance of fraction 2 corresponds to elution volume = 3 mL, the absorbance of fraction 3 corresponds to elution volume = 5 mL, etc. Note which peak was red, and which blue. 
10. 

Dialysis 

Use your leftover dye solution from the chromatography exercise to practice dialysis.  Again, we will be separating the dyes on the basis of size. A dialysis membrane has pores of a defined size. When a mixture of molecules are placed inside a dialysis bag, and the dialysis bag placed into a large volume of buffer, the molecules smaller than the pores will diffuse throughout the entire volume of buffer. This reduces the concentration of the small molecules in the bag. Molecules larger than the pores will be retained in the bag. Dialysis is very useful for changing the buffer in which a protein is dissolved; you will use the technique in your final project.
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1. Mix 0.5 mL phenol red with 0.5 mL blue dextran .
2. While wearing clean gloves, cut off a 3-4 inch piece of dialysis tubing.  Make sure you pick a type of tubing that will separate your two molecules, blue dextran ( MW ~ 2,000,000) and phenol red (MW 354).  
3. Soak your dialysis tubing in 1x TAE buffer for about 5 minutes.  It will become kind of slimy and easy to drop; use care in the following steps.
4. Fold one end of the tubing over 2x, and seal the end with a clip.
5. Put your dye mixture into the tubing.
6. Seal the other end of tubing, again folding over 2x.  Try to avoid trapping bubbles in the tubing.  
7. Place your dialysis tube into a beaker with 500 mL of TAE buffer, mark your name, and put the beaker at 4 degrees at least overnight.
a. Ideally, the beaker would have a stir bar in it to promote quicker exchange across the membrane.  We don’t have enough stir plates for that, but we should still see separation overnight
b. Remember that usually the dialysis buffer is changed several times to more fully dilute out the molecules that you’re trying to remove.  With this dye demonstration, though, we should get visible separation even without changing the buffer.
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