Size-Exclusion Chromatography
Introduction
Chromatography is one of the most common means of separating proteins and other molecules in complex mixtures.  A variety of chromatographic separation techniques are available, but in protein purification one of the most frequently used approaches is size-exclusion chromatography (SEC), also known as gel filtration.  SEC separates proteins based on their molecular mass, and it is often one of the initial steps in purifying a protein.

In SEC, microscopic beads that contain tiny holes are packed into a column, and the packed beads are called the column bed (this is also referred to as the stationary phase, because the bed doesn’t move).   A column buffer solution is allowed to continuously flow through the beads (this is called the mobile phase).  When a mixture of molecules is dissolved in the column buffer and applied to the column, molecules that are too large to enter the tiny pores are excluded from the inside of the beads.  The molecular mass of the smallest molecule that is excluded defines the exclusion limit of the column.  Molecules with molecular masses above the exclusion limit flow through the column at the same rate as the flowing buffer, and these large molecules are washed off, or eluted, from the column first. 

Molecules with molecular masses below the exclusion limit are able to enter the tiny holes in the chromatography beads, and they therefore spend less time in the fast flowing component of the mobile phase and are eluted from the column more slowly.  In SEC, larger molecules are eluted fast and smaller molecules are eluted more slowly, as a function of their molecular mass.  If the eluted buffer is collected in separate samples (called fractions) as a function of time (or volume eluted), then molecules can be separated based on their size.  A particular column bed medium is selected based on its fractionation range, which is the range of molecular masses that can be separated using that medium (very small molecules, which are below the fractionation range cannot be separated from each other because they all pass through the pores equally easy).    


You will use size exclusion chromatography to separate a two standard molecules of differing molecular weights and you will then determine the elution volume (Ve) of the standards.  You will also separate proteins you previously extracted from muscle tissue.

Figure 1.  Principle of size exclusion chromatography.  Larger molecules are eluted first because they spend less time within the pores in the stationary buffer (more time in the flowing buffer).   In this case the large proteins are in excess of the exclusion limit, and are therefore outside of the fractionation range.  All proteins above the exclusion limit will therefore be eluted at the same time, even if they have different molecular weights.  The small proteins can enter the pores and travel through the column more slowly. [image: image1.png]/A mixture of large
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Procedures Part 1 – Packing the column
1. Place a beaker under the column to collect buffer and close off the flow of the column at the bottom.

2. Place 25 ml of the mixed gel slurry into a small beaker.

3. Fill the column to about 20% of its length with column buffer.  Thoroughly mix the gel slurry to make sure it is uniformly suspended, and add part of the slurry to fill the column.

4. Allow a portion of the gel to settle.

5. As the gel is settling you will notice two layers forming: a bottom opaque layer of gel and a top layer of transparent buffer.  A 2-5 cm gel bed will form in 5-10 minutes.  Now fill the entire reservoir with mixed gel slurry and open the flow at the bottom of the column to allow the buffer to flow through.   As the buffer flows through the column will settle.

6. Add more gel slurry to the reservoir until the gel bed is halfway from the top of the column tube.

7. Stop the flow at the column outlet and fill the reservoir with buffer – this is how the column should be stored to prevent the gel from drying.

Procedures Part 2 – Separating the standards

1. You will determine the elution volume (Ve) of blue dextran and phenol red, and also separate muscle proteins you extracted previously for LDH activity.

2. Mix 0.15 ml (150 (l) of the Blue Dextran solution and 0.05 ml of Phenol Red with 0.4 ml of muscle extract.  

3. Open the flow through the column and let it drain down until the buffer is just above the level of the gel bed.

4. Layer 2-3 ml of the sample mixture on top of the gel bed.  To do this, place the tip of the pipette about 2 mm above the bed surface and carefully layer the sample onto the upper bed surface.

5. Let the sample drain into the bed and then add 0.2 ml of buffer to wash the sample further into the bed.

6. Once the sample is completely in the bed, fill up the column reservoir with buffer.

7. Immediately begin collecting fractions using a fraction collector.  Set the collector to collect every 10 drops (you will need to measure the volume associated with 10 drops – just transfer one of your fractions to a small graduated cylinder to measure volume).

8. As soon as the colored substances start to elute from the column, determine what fraction number this is (and calculate the Ve).

9. Record Ve for the two standards (blue dextran and phenol red).  Make sure you understand how to do this.  
10. Collect samples from 8 fractions, spaced evenly between the fraction with blue dextran and that with phenol red.  You will use these fractions next week. 
