Gel Filtration Chromatography
        Chromatography encompasses a variety of techniques that involve a mobile phase flowing through a bed of stationary phase.  A mixture of solutes is resolved or separated as a result of such differences in "affinity" of the solutions for the mobile phase relative to the stationary phase. A solute that has more "affinity" for the mobile phase moves forward with the mobile phase whereas a solute with more "affinity" for the stationary phase is retarded. Thus, solutes are separated into bands based on their distribution between phases.
        Molecules of biological interest are separated or resolved by a variety of chromatography techniques including adsorption chromatography, ion-exchange chromatography, partition chromatography (paper or thin layer chromatography), gas-liquid chromatography, and molecular exclusion chromatography (molecular sieve or gel filtration). 
        Chromatography involves a “mobile” phase (liquid or gas) flowing over a “stationary” phase (solid or liquid; Figure 1).  A mixture of solutes is separated based on the solute components’ degree of affinity for the mobile and the stationary phases.  If Component #1 has a stronger affinity for the stationary phase than Component #2, then #2 will migrate through the column more rapidly than #1. 
 
  




  
Figure 1.  Column chromatography involves a mobile phase flowing over a stationary phase. 
GEL FILTRATION CHROMATOGRAPHY 
Nutshell overview of gel filtration chromatography 
The most important factors to understand about gel filtration are: 
        Gel filtration separates molecules based solely on their size. 
        Larger molecules elute first from the column. 
        Smaller molecules elute later from the column. 
        Gel filtration chromatography is used primarily to purify proteins or other molecules of interest. 
        Gel filtration chromatography can be used to estimate the size of unknown proteins. 
  
Principles of gel filtration chromatography 
 In gel filtration or molecular exclusion chromatography, molecules in solution are separated by size as they pass through a column of cross-linked beads that form a three-dimensional network.  These polymer beads (frequently made of dextran, agarose, or acrylamide) comprise the stationary phase.  The liquid phase is the solvent that is found both around the beads and in the pores of the stationary phase matrix. 
         As a sample passes through the column, there are two routes that molecules can take through the column, depending on their size and the size of the pores in the beads.  Molecules that are larger than the pores will not enter the stationary phase, staying in the solution (mobile phase) surrounding the beads.  Hence they elute first from the column.  Smaller molecules will enter the pores in the beads and so move more slowly through the column (Figure 2).  Molecules of intermediate size will enter the stationary phase to some extent, but will not spend as much time there as do the smaller molecules. 
         To summarize, larger molecules will elute from the column first, and the smallest molecules will elute last, with intermediate molecules strung out in between. 
         Putting gel filtration chromatography in terms that fit the general description of chromatography given above, the beads comprise the stationary phase and the solution is the mobile phase.  Larger molecules have a greater affinity for the mobile phase than the stationary phase, so they migrate through the column more rapidly than smaller molecules, which have a greater affinity for the stationary phase. 
         As the samples elute from the bottom of the column, they are collected in tubes as fractions.  Usually, fractions of a particular volume are collected.   In most cases, however, the eluted fractions must be tested to determine both what fractions contain the samples (usually proteins) and how much of the sample (protein) is in the fraction. Several methods that are commonly used are: (1) spectrophotometric examination of the fractions; (2) SDS-PAGE of the fractions; and (3) assaying the fractions for a particular enzymatic activity. 
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Figure 2. Gel filtration chromatography.  Open circles represent the gel filtration beads, large filled circles are large molecules, and small filled circles are small molecules. 
  
         Once the sample concentrations in the fractions have been determined, the concentrations can be graphed against the elution volume to create an elution profile (Figure 3).  The first volume that elutes from the column before any fractions is called the void volume (V0) of the column.  Any proteins or other molecules that are too large to enter the pores of the beads will elute immediately after the void volume. 
         If the molecular weights of the proteins are already known, then these data can be used to create a standard curve to calculate the molecular weight of an unknown protein.  The elution volume is plotted against the known molecular weights of the proteins on semilog graph paper (Figure 4) and a line derived.  From this line and the elution volume of an unknown protein, the molecular weight of the unknown can be estimated. 
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Figure 3. Elution profile from filtration chromatography.  Plot of elution volume against concentration for 4 proteins.  V0 is the void volume of the column. 
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Figure 4. Molecular weight vs. elution volume.  Plot of molecular weight of proteins against their elution volume from a gel filtration column.  Proteins are yeast alcohol dehydrogenase [150 kilodaltons(kD)], bovine serum albumin (66 kD), carbonic anhydrase (29 kD), and cytochrome c (12.4 kD). 
  
         There are many types of gel filtration materials.  The choice of matrix depends on the range of size of molecules to be separated and the goal of the separation.  Different bead types have pores of different sizes.  Consult a reference book such as those listed in the below for more details on factors to be considered in choosing a matrix.  
         The gel filtration material that will be used in the experiment below is called Sephadex G-75 and it will separated molecules with molecular weights from 3,000 to 70,000.  Molecules with molecular weights larger than 70,000 will be excluded from entering the beads. 
 Notes on use of gel filtration chromatography:  
        The choice of matrix depends on the range of size of molecules to be separated and the goal of the separation.  Different bead types have pores of different sizes.  Consult a reference book such as those listed below for more details on factors to be considered in choosing a matrix. 
         The matrix beads normally come in dry form and must be swollen before use.  It is important not to use a magnetic stirrer when preparing the beads, or the beads can be fragmented.  It takes several days to swell beads like the Sephadex that you will use today.  One short cut, however, is to autoclave the solution.  This causes the beads to swell more rapidly without damaging them.  
         Never allow a gel filtration column to dry out.  If it dries out, the column must be re-poured.  It is crucial for good separation that the column be consistent from top to bottom. 
