Background Information: Agarose Gel Electrophoresis

Agarose gel electrophoresis is a powerful and widely used method that separates molecules on the basis of electrical charge, size, and shape. The method is particularly useful in separating charged biologically important molecules such as DNA (deoxyribonucleic acids), RNA (ribonucleic acids), and proteins. 

Agarose gel electrophoresis possesses great separating power, yet is very simple to perform. An agarose gel is made by boiling agarose powder in an acid/base controlled (buffered) solution. The solution is then cooled and poured into a mold where it becomes solid, like jello. A comb-shaped mold with square teeth is placed in the gel so that rectangular holes (wells) can be made when the agarose cools and gets solid. The gel is submerged in a buffered (acid-base controlled) chamber (gel box) containing two electrical contacts (“+” and “-“ electrodes). 

Samples are prepared for electrophoresis by mixing them with a thick sugar solution. This makes the samples heavier than the buffer solution in the gel box. These samples are carefully loaded into the rectangular wells using a very expensive pipette (a micropitetter or transfer pipette). The heavier samples sink through the buffer solution and settle into the rectangular wells – one sample in each well.

A power supply is connected to the electrophoresis gel box and direct current is applied to the samples. The buffer solution completes the circuit between the positive and negative electrodes. Charged molecules in the samples enter the agarose gel through the sides of the wells and move between the agarose molecules. Molecules with a negative charge (anions) move toward the red positive (+) electrode (the anode). Molecules with a positive charge (cations) move toward the negative black negative electrode (cathode). The higher voltage used, the faster the molecules travel. The buffer serves to make the water a better conductor of electricity and to control acid-base (pH) extremes. The pH is important to the charge and stability of many types of molecules. 

Agarose is a very large sugar molecule found in certain kinds of marine algae. The agarose gel contains molecule sized pores, acting like molecular strainers. The pores in the gel control the speed that molecules can move. Smaller molecules move through the pores more easily than larger ones. Molecules can have the same molecular size (weight) and electrical charge, + or -, but different shapes. Molecules having a compact shape (eg a baseball versus a beach ball) can move more easily through the pores. Given two molecules of equal size (weight) and shape, the one with the greater electrical charge will move faster. Conditions of charge, size, and shape interact with one another depending on the structure and composition of the molecules, buffer conditions, gel thickness, and voltage. 

Adapted from:

B. Schultz & N. Hutchison, Fred Hutchinson Cancer Research Center SEP Dye WN Sep 8, 1994

WSU Spokane CityLab, Washington State University Spokane, Spokane WA. http://www.spokane.wsu.edu/ResearchOutreach/CityLab/index.asp

Separation of Dye Molecules Using 

Agarose Gel Electrophoresis 

Materials:

Electrophoresis apparatus and power supply

Agarose (0.2 gram in 2 ml Eppendorf tube – pre-measured)

125 ml Erlenmeyer flask

50 cc centrifuge tube for measuring the TAE buffer

1X TAE buffer

1 ml of a 1M solution of NaCl to be diluted in 125 ml distilled water.

micropipette (0-20 ul)

micropipette tips 
paper towels

Method:

1.  To make a 0.8% agarose gel:

· Transfer the 0.2 grams of agarose into your 125ml Erlenmeyer flask.
· Measure 25 ml 1X TAE Buffer (bottle with green tape) using the 50 cc centrifuge tube and add to the agarose in the Erlenmeyer flask.  Swirl gently to mix.
· Microwave for 20 seconds. Check to see if all the particles are dissolved and the solution is very hot. If not, heat again for no more than ten seconds.

· Bring to your station and let cool until it is lukewarm to the touch.  To help the agarose cool, swirl it gently in the flask.  If the agarose is too hot, it will leak out the ends of the red striped gel tray.

· While the gel is cooling, place the black dams in the gel box on both ends of the gel tray insert. Be sure the flat side of the dams are against the gel tray insert.  The tops of the dams should be perfectly flat if they are put in correctly.

· Insert the 8-well comb in the red striped tray in the middle of the tray.
· When the agarose has cooled to the point that you can hold the bottom of the Erlenmeyer flask comfortably, pour the 25 ml of agarose into the gel tray. 

· Let the gel harden for at least 10 minutes. Do not move the tray while setting.

· Once the agarose is hardened, remove the two black dams.

· Add 125 ml of a dilute salt solution (1 ml 1M NaCl diluted in 125 ml distilled water) – an amount sufficient to just cover the gel.

· Carefully “wiggle” the comb back and forth to separate the comb from the gel and then lift slowly and gently out of the gel.
You are working as a laboratory technician in a major pharmaceutical company.  It typically takes 10 years and one billion dollars ($1,000,000,000) to bring a drug to market.  The company is currently working on a new drug and is in its 5th year of product development.  A drug testing department within the company needs a carrier molecule for additional testing.  You have been given six dye samples to test using agarose gel electrophoresis, and the drug testing department needs a carrier molecule that is:



1. Negatively charged



2. The smallest molecular weight (size)



3. Pure (not a mixed dye sample)

Adding the dye samples to the wells in the agarose gel:
· Carefully pipette 10 ul of each of the dyes into separate wells. Change pipette tips with each dye.

· One of the most common mistakes is not bracing arms or hands while pipetting. This may result in pushing the pipette through the bottom of the well, resulting in loss of the dye under the agarose, rather than in the well.

· Very small amounts of dye will often “float” out of the wells. These small amounts of dye will be diluted in the buffer and will not affect the running of the dyes that remain in the wells.

· Remember to write down the order in which you pipette the dyes.

Running the dye samples
· After all dye samples are pipetted into the gel wells, close the lid, attach the power cords, and set the voltage range switch to 100 volts.

· Run the gel for approximately 10 minutes or until you get good separation of all the dyes.
Recording the Results
· Turn the electrophoresis unit off and observe your results.  Record your results on the back of this page by drawing where each of the dyes are in the gel.
· Record the direction of travel (toward the cathode or anode) to determine what charge each of the different dye molecules has.  
· Record the distance each of the dyes traveled to determine which of the dye molecules has the highest molecular weight and which has the lowest molecular weight. 
· Determine whether or not there is a sample that is made from more than one dye.
· You can also have a permanent record of your results by doing a “blot” on a paper towel. Place the agarose gel onto several folded paper towels.  Cover with several more paper towels and apply gentle pressure to the gel-paper towel stack.  This will allow the dye to transfer out of the gel onto the paper towels, giving you a record of your results.
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CATHODE (-)
                      





   ANODE (+)
1.  Negatively charged sample(s)__________________________________.

2. Positively charged sample(s)___________________________________.

3. Smallest molecular weight____________________________________.

4. Largest molecular weight_____________________________________.

5. Mixed dye sample (??) ___________________________________________.

Dye sample to be sent to the drug testing department_________________.

What is the purpose of the agarose gel?

Why did you add a dilute salt solution rather than distilled water to cover the gel?



















































