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Background 

In the early days of DNA manipulation, DNA fragments were laboriously separated by gravity. In the 1970s, 

the powerful tool of DNA gel electrophoresis was developed. The term electrophoresis means to carry with 

electricity. Agarose gel electrophoresis separates DNA fragments by size. DNA fragments are loaded into an 

agarose gel slab, which is placed into a chamber willed with an 

electrically conductive buffer solution. A direct current is passed 

between electrodes at each end of an electrophoresis chamber. 

Since DNA fragments are negative charged – due to the phosphate 

ions in the molecule’s backbone – they will be drawn toward the 

positive pole (anode) when placed in an electric field. The matrix 

of the agarose gel acts as a molecular sieve through which smaller 

DNA fragments can move more easily than larger ones. Therefore, 

the rate at which a DNA fragment migrates through the gel is 

inversely proportional to its size in base pairs. Over a period of 

time, smaller DNA fragments will travel farther than larger ones. 

Fragments of the same size stay together and migrate in single 

bands of DNA. These bands can then be visualized, and ultimately 

analyzed, using a number of techniques. (see Fig. 1) 
 

In order to prepare a sample of DNA for electrophoresing, it must 

first be digested by restriction endonucleases (enzymes) into 

fragments. Restriction enzymes are produced by many species of 

bacteria and archaea and provide a defense mechanism against 

invading viruses. They were first studied in the lab in the 1950s, 

and since then, over 3000 restriction enzymes have been 

identified. Once digested by a restriction enzyme, the original 

sample of DNA exists are fragments of different sizes: restriction 

fragment length polymorphisms (RFLPs). Many restriction enzymes are named for the species of bacterium in 

which they were first identified. 
 

A restriction enzyme acts like molecular scissors, making cuts at the specific sequence of base pairs that it 

recognizes. The three-dimensional structure of conformation of a restriction enzyme allows it to fit perfectly in 

the groove formed by the two strands of a DNA molecule. When attached to the DNA, 

the enzyme slides along the double helix until it recognizes a specific sequence of base 

pairs which signals the enzyme to stop sliding. The enzyme chemically separates, or 

cuts, the DNA at that location, a restriction site. (see Fig. 2) Restriction sites are often 

palindromic – reading the same both forward and backward. Some restriction enzymes 

produce staggered cuts in which the DNA fragments have unpaired bases, while others 

make cuts across both strands off the double helix. They produce “sticky ends” and 

“blunt ends,” respectively. 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Gel Electrophoresis 

Fig. 1 Electrophoresis of lambda DNA 
digested using three different restriction 
enzymes. Lane 1 contains undigested lambda 
DNA. Lane 2 contains lambda DNA digested 
by PstI. Lane 3 contains lambda DNA digested 
by EcoRI. Lane 4 contains lambda DNA 
digested by HindIII. 

Fig. 2 Restriction sites 
for three enzymes. 
Top: EcoRI. Middle: 
HindIII. Bottom: PstI  
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Objective(s) 

 to learn about the process of gel electrophoresis 

 to use the equipment involved with gel electrophoresis technology 

 to observe the process of gel electrophoresis in the separation of DNA fragments by size 

 to analyze the band patterns of electrophoresed DNA samples 

 to interpret the band patterns of electrophoresed DNA samples 
 

Materials

 electrophoresis chamber 

 power cord 

 buffer tank 

 photo hood 

 agarose gel 

 electrophoresis buffer 

 250 mL flask 

 micropipette 

 micropipette tips 

 DNA samples

Safety 
 

 

 

 

 

 
 

Procedure 

1. Place the agarose gel with tray on the running platform of the buffer tank. It should be oriented so that 

the rectangular wells are aligned with the well symbols of the running platform. This will ensure that the 

wells are closer to the negative end of the electrophoresis chamber once assembly is complete. 

2. Measure out approximately 125 mL of buffer and pour it slowly into one side of the tank. The buffer 

will flow under the gel, toward the other side, and remove any air bubbles. There should be enough 

buffer to fill both reservoirs of the tank, plus a little over the top of the gel. If the buffer doesn’t 

completely cover the gel, add a couple more milliliters to ensure that it does. 

3. Place the tank into the chamber so that the wells are positioned on the negative side of the chamber. The 

design of the tank and chamber prevents the tank from being inserted into the chamber incorrectly. 

4. Turn on the low intensity light by pressing the small light bulb icon on the side of the chamber. This will 

help to visualize the wells more clearly. 

5. To load the wells: (be sure to follow all micropipette protocols) 

a. Use the micropipette to draw up 10 µL of a DNA sample. 

b. Place the tip of the micropipette just below the surface of the buffer, directly over one of the 

wells.  

c. Eject the DNA sample slowly into the well. The DNA sample is clear, so you will not be able to 

see the contents of the well. 

d. Pull the pipette tip out of the buffer before releasing the plunger to prevent drawing the DNA 

sample (and buffer) back into the tip. 

6. Plug the power cord into the outlet and into the back of the chamber. Place the photo hood over the 

chamber, then press the power button. The green LED next to the power button should light up, 

indicating the power is on. NOTE: The power will NOT turn on if the tank is not appropriately in the 

chamber, there is no buffer in the tank, of the photo hood is not on the chamber. You may notice small 

bubbles forming on the negative electrode, and condensation will likely accumulate on the inside of the 

photo hood. 
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7. You may begin seeing DNA bands in your gel about 5 minutes after starting the run. The resolution of 

the band pattern will improve with running time as the smaller DNA fragments separate from the larger 

ones. 

8. Continue running the gel until DNA separation is sufficient. As a reference, a typical gel requires about 

30 minutes of running time. Be sure to observe the progress of the run to ensure that the smallest DNA 

fragments do not reach the end of the gel. 

9. When the desired endpoint is reached, cut off the power to the electrodes by pressing the power button. 

The green LED should turn off. 

10. To obtain an image of the gel: 

a. Remove the photo hood and use a towel to wipe away any condensation. 

b. Replace the photo hood on the chamber and make sure it is level. 

c. Turn on the high intensity lights by pressing the large light bulb icon. 

d. Place a digital camera or cell phone directly on top of the photo hood to take an image through 

the circular aperture. Do not zoom into the gel as this typically distorts the image and produces a 

poor photo. 
 

Clean Up 

 sink: buffer 

 trash: used micropipette tips, agarose gel 

 rinse with distilled water (no need to dry): buffer tank 

 everything returned to its original location 


