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Size Exclusion Chromatography


Student Objectives

• Compare and contrast the use of different types of column chromatography in the purification of proteins.

• Explain how naturally occurring or recombinant proteins are separated and purified using column chromatography.

• Discuss how the structure and biochemical properties of proteins relate to purification using column chromatography.

Problem: Can Hemoglobin (molecular weight of 65,000 daltons) be separated from vitamin B12 (molecular weight of 1,350 dalton) by gel filtration chromatography?

Background 

Our bodies contain thousands of different proteins that perform many different jobs.  Digestive enzymes are proteins; some of the hormone signals that run through our bodies and the antibodies protecting us from disease are proteins. The information for assembling a protein is carried (in code) in our DNA. The section of DNA that contains the code for making a protein is called a gene. There are thousands of genes on each chromosome. Each gene codes for a unique protein. The gene that makes a digestive enzyme in your mouth is different from one that makes an antibody.

Proteins are often products used for medical purposes. Some of these proteins are purified in large quantities from a naturally-ccurring source. Recently, many proteins for medical purposes have been made through genetic engineering and recombinant DNA technology. No matter what the source, a protein of interest is found in a mixture of a cell’s other proteins. Some cells, such as bacteria, produce large quantities of up to two thousand different kinds of proteins.

Since 75% of the dry matter in living things is protein, biologists must often purify a protein of interest from other proteins in a cell. Determining the procedures for the purification of a particular protein is a challenging task for the biotechnology industry. To separate any of the macromolecules, scientists utilize their knowledge of the chemistry of these molecules, including: the molecular weight of the protein (size), its charge, and its shape.

Size Exclusion Chromatography

Lesson 1A Introduction to Chromatography

Chromatography is commonly used in biotechnology for purifying biological molecules, like proteins, for medicine or other uses. Chromatography allows the separation of individual components from complex mixtures. Chromatography consists of a mobile phase (solvent and the molecules to be separated) and a stationary phase either paper (in paper chromatography), or glass beads, called resin (in column chromatography), through which the mobile phase travels.  Molecules travel through the stationary phase at different rates because of their chemistry. 

Some Common Types of Chromatography

In gel filtration chromatography, commonly referred to as size exclusion chromatography (SEC), microscopic beads that contain tiny holes are packed into a column. When a mixture of molecules is dissolved in a liquid and then applied to a chromatography column that contains porous beads, large molecules pass quickly around the beads, whereas smaller molecules enter the tiny holes in the beads and pass through the column more slowly. Depending on the molecules, proteins may be separated, based on their size alone, and fractions containing the isolated proteins can be collected.

In affinity chromatography, a biomolecule (often an antibody) that will bind to the protein to be purified is attached to the beads. A mixture of proteins is added to the column and everything passes through except the protein of interest, which binds to the antibody and is retained on the solid support. To get the protein to elute from the column, another buffer is used to disrupt the bond between the protein of interest and the antibody. Often this elution buffer contains high concentrations of salt or acid.

In ion exchange chromatography, the glass beads of the column have a charge on them (either + or -). A mixture of protein is added to the column and everything passes through except the protein of interest. This is because the beads are picked to have the opposite charge of the protein of interest. If the charge of the beads is positive, it will bind negatively charged molecules. This technique is called anion exchange. If the beads are negatively charged, they bind positively charged molecules (cation exchange). Thus, a scientist picks the resin to be used based on the properties of the protein of interest. During the chromatography, the protein binds to the oppositely charged beads. When the contaminant is separated from the protein of interest, a high salt buffer is used to get the desired protein to elute from the column. 

Principles of Size Exclusion Chromatography (SEC)

In this laboratory you will investigate the principles of size exclusion chromatography. Size exclusion chromatography is a very powerful technique for the physical separation of molecules on the basis of size. In this procedure, a mixture of molecules dissolved in liquid (the mobile phase) is applied to a chromatography column that contains a solid support in the form of microscopic porous spheres, or “beads” (the stationary phase). The mass of beads within the column is often referred to as the column bed. The beads act as “traps” or “sieves” and function to filter small molecules that become temporarily trapped within the pores. Larger molecules pass around or are “excluded” from the beads. This kit contains eight columns that are prefilled with beads that effectively separate or “fractionate” molecules that are below 60,000 daltons. As the liquid flows through the column, molecules below 60,000 daltons enter the beads and pass through the column more slowly. The smaller the molecule, the slower they move through the column. Molecules greater than 60,000 pass around the beads and are excluded from the column—also referred to as the exclusion limit of a column.

The liquid used to dissolve the biomolecules to make the mobile phase is called a buffer. The mixture of biomolecules dissolved in the buffer is called the sample. The sample is placed on the column bed and the biomolecules within the buffer enter the top of the column bed, filter through and around the porous beads, and ultimately pass through a small opening at the bottom of the column. For this process to be completed, additional buffer is placed on the column bed after the sample has entered the bed. The mobile phase (liquid) is collected as drops into a series of collection tubes. A set number of drops is collected into each tube. The larger molecules that pass quickly through the column will end up in the early tubes or “fractions”. The smaller molecules that penetrate the pores of the stationary phase end up in the later fractions.

Hemoglobin and vitamin B12 are the two biomolecules in your sample. Hemoglobin, which is brown, has a molecular weight of 65,000 daltons. Vitamin B12 is pink and has a molecular weight of 1,350 daltons. The schematic below illustrates the differential fractionation of large and small molecules on a size exclusion column.
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Lesson 1B The Sample

Hemoglobin

Hemoglobin, a protein found in red blood cells, functions to transport oxygen to the tissues of the body. Hemoglobin is made up of four polypeptides (small proteins) that associate to form a large, globular protein. Hemoglobin gets its name from the heme group, the iron-containing component of hemoglobin that physically binds oxygen. The iron-containing heme group is responsible for the red-brown color of hemoglobin. The closely related protein, myoglobin, is found in muscle and is responsible for delivering oxygen to muscle tissue. Muscles that are very active and require a lot of oxygen are dark in color because of a high myoglobin content. An example would be the red-brown color of the dark meat of chicken. 

Hemoglobin is the main component of red blood cells (RBCs), the oxygen carrying cells of the body. Again, it is the heme group of hemoglobin that gives RBCs their distinctive red color. Different forms of hemoglobin are produced during different stages of development. Fetuses produce a form of hemoglobin that has a higher affinity (tighter binding) for oxygen than does adult hemoglobin. Because fetuses depend upon their mothers for their oxygen supply, it is important that maternal hemoglobin can easily give up its oxygen to the fetal hemoglobin. 

In addition to oxygen, hemoglobin can also bind carbon monoxide. Hemoglobin actually has a higher affinity for carbon monoxide than for oxygen. Suffocation from carbon monoxide occurs when oxygen bound to hemoglobin is displaced by carbon monoxide, which in turn deprives body tissues of oxygen. 

The body can adapt to environmental changes that require increased amounts of oxygen delivery to tissues. At high altitudes, where the amount of oxygen in air is decreased, the body responds by increasing the number of red blood cells produced. This effectively increases the number of molecules of hemoglobin in the blood supply, which has the effect of increasing the oxygen supply to the tissues. 

Sickle cell anemia is a molecular disease of hemoglobin. A single change or mutation in the gene that encodes hemoglobin results in a mutation in the amino acid sequence. This mutation changes the 3D structure of the polypeptides of hemoglobin, causing them to “stick” together as rod-like structures. The abnormal rod-like hemoglobin molecules distort the structure of red blood cells, causing them to have a sickle shape. Unlike their round counterparts, the sickle-shaped RBC cannot freely pass through capillary beds, and thus the capillary beds become blocked. The blocked capillary beds of organs and tissues make delivery of oxygen difficult, resulting in extreme fatigue and even death. Because sickle-cell anemia is a genetic disorder that results from a mutated genetic sequence, at this time there is no cure. However, the side effects of sickle cell anemia can be alleviated by frequent blood transfusions from people who have normal hemoglobin and red blood cells. Sickle cell anemia is a genetic disease in which the individual has inherited a defective mutant hemoglobin gene from both parents. Individuals with the sickle cell trait have received an abnormal gene from only one parent, and the single defect actually confers an evolutionary advantage. In Africa, expression of the sickle cell gene positively correlates with malaria infections. Malaria is a deadly disease caused by a mosquito-borne parasite. The parasite infects and ultimately kills RBCs. The parasite can infect normal RBCs, but cannot infect sickle cell RBCs. Thus, the sickle cell trait helps confer resistance to malaria and results in a positive evolutionary adaptation. Unfortunately, expression of two copies of the gene is deleterious.

Vitamin B12

Vitamin B12 is a vitamin that is essential to humans and other vertebrates. Vitamin B12 is an essential cofactor of several biochemical reactions that occur in the human body. One function of vitamin B12 is the breakdown of fats. Sources rich in vitamin B12 include eggs, dairy products, and meats. Vitamin B12 is not found in plants and vegetable foods. Thus people who have strict vegetarian diets are often deficient in vitamin B12, unless they take some supplementary vitamins.

The intestines cannot absorb pure molecules of vitamin B12 and therefore must bind to a carrier protein in the intestinal tract. When vitamin B12 binds to this carrier protein, the complex is able to pass through the intestine and into the blood stream, where the liver eventually takes it up. 

Because vitamin B12 is only required in minute quantities (humans require ~3 µg/day), vitamin B12 deficiencies are extremely rare. However, some individuals have a genetic disorder in which the gene that codes for the carrier protein is mutated. Individuals with this mutation do not synthesize the carrier protein necessary for absorption into the blood stream. Thus, even though these people have adequate intakes of vitamin B12, they still show signs of deficiency because they lack the required carrier protein.
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Lesson 2 Chromatography Lab

Laboratory Protocol

1. Place the 12 collection tubes in your test tube rack. Label 10 collection tubes sequentially from 1 to 10. Label the last two tubes “waste” and “column buffer”. Label either the tubes or the rack with your name and laboratory period.
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2. Pipet 4 ml of Column Buffer into the tube labeled column buffer.
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3. Remove the cap and snap off the end of the Poly-Prep sizing column. Drain all of the buffer into the “waste” collection tube. Cap the bottom of the column with the column end cap (yellow).
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4. Gently place the column onto collection tube 1 (Do not jam the column tightly into the collection tubes-the column will not flow). You are now ready to load the protein sample onto the column.

5. Remove the end cap from the column. Observe the top of the column bed; all of the buffer should have drained from the column. This is best observed by looking directly over the column—the “grainy” appearance of the column beads should be visible. Carefully load one drop of protein mix onto the top of the column bed. The pipette should be inserted into the column and the drop should be loaded just above the top of the column so that it minimally disturbs the column bed.

[image: image6.png]



6. Remove the column cap and allow the protein mix to enter the column bed. This is best observed by looking directly over the column. Carefully add 250 µl of column buffer to the top of the column by inserting the pipet tip into the column so that it rests just above the column bed. Carefully let the buffer run down the side of the tube and onto the top of the bed. Begin to collect drops into tube 1.
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7. When all of the liquid has drained from the column, add another 250 µl of column buffer to the top of the column. Add the buffer as in step 6, by placing the pipette just above the top of the column and letting the buffer run down the side of the tube. Continue to collect drops into tube 1.

8. When all of the liquid has drained from the column, add 3 ml of column buffer to the top of the column, do this adding 1 ml from the pipette three times. At this time the protein mix has entered the column far enough so that slight disturbances to the column bed will not affect the separation. Transfer the column to tube 2 and begin to count the drops that enter into each tube. Collect 5 drops of buffer into tube 2. 
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9. When 5 drops have been collected into tube 2, transfer the column onto tube 3. Collect 5 drops of buffer into each collection tube. When 5 drops have been collected into a tube, lift it off and transfer it to the next tube.

[image: image9.png]



10. Continue collecting 5 drops into each tube. When you reach tube 10, collect a final 10 drops. Cap the column when finished collecting drops. Store your samples and column according to your teacher’s instructions.

[image: image10.png]



Lesson 1A Review Questions Chromatography

1. Name two different types of column chromatography techniques.

2. What type of chromatography is being used in this lab activity?  Briefly explain how the chromatography in this activity functions.

3. If the following mix of molecules were purified using size exclusion chromatography, what would be the order in which the molecules pass through the opening in the bottom of the column? Mixture containing: hemoglobin, 65,000 daltons; myoglobin, 17,000 daltons; myosin, 180,000 daltons.

First molecule to appear:

Second molecule to appear:

Third molecule to appear:

4. If a size exclusion chromatography column is said to have an exclusion limit of 40,000 daltons, would hemoglobin (60,000 daltons) be fractionated or excluded from the column?  Would vitamin B12 (1,350 daltons) be fractionated or excluded from the column?
5. Think about the color of the protein mix that was applied to the column—why was the mixture a reddish-brown color?

6. Why do you think the column needed to be “dry” (the absence of buffer on the top of the column bed) when the protein mix was loaded?

7. Why did you need to add more buffer after the protein mixture was loaded onto the column (at step 7 and 8 of the protocol)?

8. Examine the 10 fractions that you collected. Which tube contains the “peak” fraction for hemoglobin and vitamin B12? The peak fractions contain the highest concentration of protein/vitamin and will be the most intense in color.

9. Which molecule, hemoglobin or vitamin B12, exited the column first? Would this molecule be the larger or smaller of the two?
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