INS Biology Laboratory

Weeks 3-4 Winter 2004

Comparison of DNA Molecules based on Restriction Enzyme Digestion

Goals: 

Review use of automatic pipetters and how to transfer and work with small volumes.

Work with DNA and DNA modification enzymes.

Separate DNA by size using agarose gel electrophoresis.

This lab is relatively lengthy. Be on time, bring safety glasses. Lab coats or similar dress would also be useful.

In today’s lab we will compare DNA samples by cutting them with restriction enzymes, and then examining the number and size of fragments that are produced. This technique is widely used in many areas of forensics and biology. (After you understand the procedure, try to think of as many applications as you can.) In our role-play today, we have one sample obtained from a crime scene – the CS sample. There are also 5 suspects who could have been present at the scene. Using your data, determine which, if any, of the suspects may have left the DNA.

Restriction enzymes are produced by bacteria and for the bacteria serve the role of preventing foreign DNA and virus sequences from surviving in the cell. These are endonucleases, meaning they cut both strands of DNA at some location other than the end. (The counterpart to this would be an exonuclease, which would digest a DNA molecule starting from an already cut end.) The value of many restriction enzymes is that they cut at specific base sequences and nowhere else. These recognition sites are usually palindromes and can be from 4 to 15 bases in length. The two enzymes we will use today are EcoRI (Escherichia coli strain R, first (I) enzyme isolated) and PstI (Providencia stuartii)
EcoRI cuts (indicated by the arrow) at the sequence G(AATTC while PstI cuts at the sequence CTGCA(G. For these examples, draw the complementary DNA stand and indicate the cut on that strand as well. 

Because the number and position of these recognition sites vary for different DNA molecules, fragmenting molecules using these enzymes often produces a characteristic collection of DNA fragments of specific lengths. A molecular difference between different individuals or species is called a polymorphism (“many shapes”). This widely used technique for comparing DNA sequences is called restriction fragment length polymorphism (RFLP), usually pronounced “reflip”.

To determine the number and lengths of the product DNA fragments, we will use agarose gel electrophoresis. At normal pH values, DNA molecules carry a large number of negative charges- they are polyanions. If the DNA molecules are placed in an electric field, opposite charges attract so the DNA will move towards the positive electrode and away from the negative electrode. This technique of separating molecules by their movement in an electric field is called electrophoresis. Since the number of negative charges on a DNA molecule increases in proportion to its mass, the acceleration on all molecules is roughly the same. 

To help prevent the molecules from moving, this separation is done in a porous gel. Agarose is a highly purified carbohydrate obtained from kelp. A 1-2% mixture of agarose creates an easy to handle gel. As the DNA molecule are moved through this gel, the smaller molecules pass more quickly while the larger molecules become hung up on the gel and move more slowly. By combing the driving force of the electric field with the varying drag of the agarose gel, a mixture of DNA fragments will separate out by size with the smaller molecules moving the most quickly and the larger molecules moving more slowly. As a rough approximation, a plot of distance moved (x-axis) versus log [molecular weight] (y-axis) produces a close to linear line. 

To help identify the sizes of the fragments, a standard will be included with our experimental samples on the gel. The standard is the DNA genome of lambda phage, a virus that infects E. coli, digested with the restriction enzyme HinDIII. By using the known fragment produced from this sample, you can calibrate your agarose gel and prepare a reasonable size estimate of the DNA fragments produced in your enzyme digestions. 

Advice Many restriction enzymes do not last very long in warm conditions. You should develop the habit of keeping them as cold as possible and minimize their exposure to high temperatures. Use a beaker as an ice bucket and keep enzyme solutions in this until needed. Practice using the small pippettemen with water before beginning your experiment. Similarly, we will have an agarose gel for you to practice loading technique before you use your real samples.

SAFETY: Ethidium bromide is a mutagen. Always wear gloves when handling any material containing ethidium bromide and dispose of it in the proper location. Any person in the same room as the UV light should wear UV-filtering eye protection any time the light source is on. Not all safety glasses are approved for UV protection. Check the label on yours or use one of the pairs of goggles provided. Know what you are doing when working with the power sources.

Procedure:

Digest DNA samples:

1. Label 6 reaction tubes (CS S1 S2 S3 S4 S5).  Place the labeled tubes in a rack.

2. Using a clean tip for each sample, transfer 10 (l of the corresponding DNA sample into the appropriate tube. 

3. Obtain a small tube of the enzyme mix. This contains the EcoRI, PstI, and a buffer mix that adjusts the pH and salt concentration to the correct level for these enzymes.

4. Using a fresh pipette tip for each sample, transfer 10 (l of the enzyme solution to each of the DNA samples. If you feel there is any chance of a tip being contaminated or touching the wrong solution, replace the tip. NOTEBOOK CONTENT: A table describing the contents of each tube is handy here. It also helps to check off the additions to each tube as they are made.

5. Close the tops and mix the sample. Either flick the bottom with your finger several times, or briefly run the sample in a microcentrifuge. (We will indicate options in the lab.)

6. Incubate the samples at 37( for 45 minutes. During this incubation period, you should familiarize yourself with the electrophoresis apparatus and practice loading samples.

Electrophoresis of samples:

1. We will provide a prepared agarose gel for you to use in this lab. (The gel consists of 1% agarose in 1X TAE buffer (formula given below). This mixture was heated until clear and all agarose was dissolved, and the clear mixture was then placed in the gel molds and allowed to harden.)

2. Using a clean tip for each of your samples, add 5(l of loading dye to each tube. Mix the loading dye and your sample. You will also need to use the size standards (lambda HinDIII digestion) in one lane.

3. Place the agarose gel in the gel box. The well in which the samples will be loaded should be at the (-) end of the box, where the black lead is connected.

4. Pour electrophoresis buffer (premade: 1X TAE: 40 mM Tris-acetate (a buffer) and 1mM EDTA (a metal binder), pH 8.2-8.4) into the box until it just covers the agarose. 

5. You will use 7 lanes of the gel. The convention is to think of the start of the gel as the top and number lanes from left to right. As demonstrated and practiced, load 10 (l of the standard markers (M) in lane 1, and then load 20 (l of your digested samples with loading buffer to lanes 2-7. Be sure you know which sample goes in which lane!

6. After loading, secure the lid on the box and connect the electrical leads to the power supply. Be sure the polarity is correct – DNA will move from the (-) end of the box to the (+) end of the box. 

7. Run the gel. Set the voltage at 100 V and run for 30-40 minutes. Keep an eye on the dye markers as a measure of progress. 

8. When the electrophoresis is finished, turn off the power supply and remove the lid to the gel box. Lift up the try under your gel and gently slide it into a staining container. Gels can also be wrapped in plastic wrap for short-term storage.

Visualizing your DNA

After running your gel, you will be able to see the dye markers but not your DNA. We will add a solution of the dye ethidium bromide (CAUTION) and soak the gel. After rinsing, the soaked gel will be placed on a UV (CAUTION) light source. The DNA-ethidium bromide complex is fluorescent and you will be able to see the bands when exposed to UV light. Using the Polaroid camera, take a picture of your gel showing the bands. You may wish to lay a ruler alongside your gel while taking this picture. Make additional and cleaner copies of this photo by scanning the picture.

You can determine the number of bands and their intensities by direct observation of the gel or the photo. To estimate the size of the DNA fragments, prepare a calibration curve using your lambda-HinDIII standard. Measure the distance each band (center) has moved from edge of its loading slot. The sizes of the fragments in this standard are (in bp) 23,130 – 9,416-6,557-4,361-2,322-2,027. Prepare a graph in which the x axis is distance the band has moved and the y axis is the log of fragment size (a semi-log plot.) This can be done on Excel or by use of semilog paper. 

Measure the distance each of your experimental bands has moved and use your standard curve to estimate the size of each. Prepare a summary table in which all fragments for each sample are listed and the total number of base pairs accounted for by the fragments in each sample are listed.

Based on this information, which DNA sample could be the same as our unknown DNA sample? Explain your logic. What objections could be raised to your conclusion? What further work could you do to satisfy these objections?

Questions:

1. Considering the properties of ethidium bromide we are using here, why does it make sense that this compound acts as a mutagen?

2. Given any random piece of DNA, what is the probability that a given 6 base sequence can be cut by EcoRI? By PstI?  Using this value, what would you expect the average fragment size to be for DNA cut by these enzymes?

3. Using your numbers from question 2, how many fragments would you expect from a circular DNA molecule of 4000 bases? From the E.coli genome – about 4 x 106 bases? For larger genome projects there is interest in finding restriction enzymes that have longer recognition sites, such as 12 or more bases. Why?

Clean Up

Ethidium bromide solutions and gels should be placed in a designated waste container.

