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GEL FILTRATION:  TEACHER'S GUIDE
OBJECTIVES:

1.
To introduce students to gel filtration chromatography using  a Sephadex column to separate small molecules (salts) from proteins.

2.
To introduce students to some methods for detecting protein and salt and measuring their concentrations. 

3. 
To give students practice in graphing and interpreting data.

SUGGESTION FOR USE:  This lab is designed to follow the Koolaid dye separation lab; however, it may be used on its own as an introduction to a modern chromatographic separation technique that is in common use. 

TWO VERSIONS:  Biology and Honors or AP Biology


The protocols are the same for both versions.  The basic biology student version includes more help on the graphing.  There are two additional questions included for the advanced students.

TIME REQUIRED: One class or lab of 45-50 minutes plus one hour

homework or in-class seat work.


The chromatographic separation can easily be accomplished in thirty minutes.  It is suggested that the teacher have everything needed at a lab station and the columns mounted and the wash bottles filled.  The students should determine protein concentration from the color chart before leaving the lab.  Plotting the data and answering the questions can be done at home.

HINTS: 

1.
The Sephadex columns can be reused many times as long as distilled water is washed through after a sample is added.   Since the last several fraction are salt free, the column is clean and ready for the next class after each run.  If you are not sure your students have fully flushed the columns, they should be unambiguously washed by adding 5.0 ml of distilled water at the end of the class.  Don’t let the columns stand for many minutes after they stop dripping.  Always store them with at least 1 cm of deionized water above the beads.  We refrigerate columns for long term storage.  New columns contain a preservative that must be flushed out before the first use.

2.
The teacher may want to prepare two standards with the supplied albumin/salt solution to have as a reference for the students.


a.
1.0 ml of the solution in a test tube to show electrical conductivity.


b.
0.8 ml of the solution + 0.2 ml (10 drops) Bradford.  Close the tube and mix.  This 

should show the bright blue Bradford color.
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PRE-LAB DISCUSSION

1.
Briefly explain the principle behind separation with Sephadex.  (See additional information.)

2.
Show the set-up column and demonstrate how the fractions will be collected.

3.
Demonstrate reading electrical conductivity with the reference standard.  Demonstrate cleaning the electrodes between reading successive fractions.  Students should fill the squirt bottles with distilled water before beginning if the teacher has not already filled them..

4.
Demonstrate closing the test tubes to mix the Bradford reagents with the samples.

5.
Some of the following information may prove useful:



Sephadex:  Gel filtration with Sephadex has been in wide-spread use to separate and purify biological molecules since its introduction in the early 1960s.  Since biological molecules are controlled in living systems by and are sensitive to very small changes in the environment such as pH changes, the presence or absence of metal ions and other cofactors, it is necessary to be able to use separation techniques which are mild and operate independently of these factors.  Sephadex is ideal for working with biological molecules since it is inert and extremely stable.  It is insoluble in all solvents, and it is stable in water, salt solutions, physiological pH  and some organic solvents. 


As a solution flows through a column made of porous Sephadex beads, molecules which are too large to enter the pores move between the beads and travel through the column  fastest.  Smaller molecules which can enter the pores will move through the column more slowly as they weave their paths from bead to bead and in and out of the free flowing solvent regions.  Molecules are, therefore, eluted in order of decreasing molecular weights.  (Note: This is opposite to what occurs in most filtration processes.  Students who are familiar with filtering substances will remember that large molecules are what are unable to get through the filter.  With Sephadex the tiny molecules are retarded and the big ones move through most rapidly.)


Sephadex is a bead-formed gel which is synthesized by cross-linking dextran (beta glucose monomers).  The Sephadex beads come in a range of diameters, and the pores within the beads are available in a range of sizes.  The Sephadex used in this experiment is Sephadex G-25 Medium grade.  The bead diameters range from 4 microns to 6 microns. The pore sizes of G-25 Sephadex admit molecules of a molecular weight of up to 5000.  

THE BRADFORD TEST FOR PROTEINS

The Bradford Test is marketed as the Bio-Rad Protein Assay.  M. Bradford developed the test in 1976. The assay is based on the color change of a dye (metachromatic effect) when it binds  to different concentrations of protein. It is easier to use, more stable and less caustic than the well known Lowry or Biuret tests.  The dye used is an acidic solution of Coomassie brilliant blue. Negatively charged groups in the Bradford solution are protonated and the dye appears red.  In the presence of protein, the negatively charged groups   bind to the protein amino groups, and the dye color then changes from red to blue.  A variety of color changes occur from red to brown red to blue gray to brilliant blue depending on the amount of protein present.  A known list of impurities as well as the amount of protein will influence the color, and an investigator has to consider if this may influence the results.
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SAMPLE ANSWERS TO QUESTIONS
1.
From the graph, one can see that the peak protein concentration occurs before the peak salt concentration .  Therefore separation was achieved.  Conductivity and colored indicator tests provided the data that was graphed.

2.
See student graph.  Tube showed blue with Bradford, zero with conductivity meter.

3. 
See student graph.  Tube showed highest conductivity, lowest Bradford value.

4.
a. The student should pick the sample that has the highest concentration of protein 

together with some salt.

     
b.  This would purify more of the protein.

5. 
The control tube demonstrates that the original unprocessed sample contains both protein and salt.

6.
The molecular weight of the protein is approximately 40,000.

________________________
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