Stuyvesant High School
                     
Department of Biology and Geo-Science

LABORATORY EXERCISE #20 

DNA EXTRACTION AND AGAROSE GEL ELECTROPHORESIS

INTRODUCTION

DNA, Deoxyribonucleic acid, is a molecule composed of deoxyribose nucleotides, which contains the genetic information of all living cells and controls cellular metabolism. The more closely related organisms are, the more similar their DNA. 

DNA can be extracted from living cells. The protocol for DNA extraction involves three basic steps: homogenization, precipitation, and collection. EDTA/Tris is a buffer which will be used in the homogenization step.  In order to extract DNA, the cells must first be lysed.  This process is completed in a blender with the addition of onion cells and an EDTA/Tris solution.  EDTA is known as a chelating agent.  In other words, it binds divalent cations such as Mg -2.  This ion is used as a cofactor in nulcease enzymes and must be made unavailable to the cells if we want to end up with nucleic acids as and end product.  The Tris in the solution acts as a buffer and raises the pH of the solution in prepairation for the acids added in the subsequent steps of the DNA extraction procedure.  Next, a detergent called Sodium Dodecyl Sulfate (SDS) is added.  SDS is a soap used to degrade the lipids in the cell and nuclear membranes. DNA will be precipitated by adding cold alcohol to the cell extract.  DNA precipates quickly in low-pH alcohol, whereas proteins and other organic material precipate slowly.  With the addition of alcohol, DNA will come out of the suspension and may be seen and collected on a glass rod.

Agarose Gel Electrophoresis Technique allows the scientist to separate the different lengths of DNA according to size by using an electric current. These lengths are called restriction fragments. The fragments of various samples of DNA can then be compared in a process called Restriction Fragment Analysis or DNA “fingerprinting”.

STUDENT OBJECTIVES

1. Use a simple method to extract DNA.

2. Be introduced to the laboratory techniques involved in gel electrophoresis.

3. Learn some of the theoretical basis for the Restriction Fragment Analysis of “DNA fingerprinting”.

PRELAB QUESTIONS:
1. Explain the effect soaps have on lipids.

2. Explain the difference between a protein, a lipid and a nucleic acid.

3. What is a co-factor?

MATERIALS

Beakers, test tubes, test tube holder, glass hook, glass rod, ring stand, eyedropper, funnel, filter paper, onion, blender, EDTA-Tris solution, 20% SDS solution, cold ethyl alcohol, electrophoresis chamber, gel, buffer, food coloring specimens.

PROCEDURE

I.    DNA Extraction   

1. Watch as your teacher makes the crude extract by grinding up a small onion in 150mL of EDTA – Tris (a buffer).

2. Come up front and obtain about 10mL of the cell extract in your beaker. Observe.

3. Filter the “supe” and collect the filtrate in another beaker.

4. Add about 0.1mL of SDS using a calibrated pipet or about 5 drops if using a dropper.

5. Gently swirl the mixture of the filtrate and SDS in the beaker. Observe. 

6. Pour about 3mL of the filtrate into a small test tube.

7. Hold the test tube at an angle and VERY GENTLY pour an equal amount of ice cold alcohol into the test tube. Be VERY careful that the alcohol does not mix with the water.

8. Carefully insert the glass rod or hook into the test tube.

9. Now slowly swirl the glass rod. The white stringy material is DNA and should spool on the rod. If your DNA is too chopped up, you may lift it out with a glass hook. Observe. Your teacher may want to observe your stringy DNA product.

II.  Agarose Gel Electrophoresis

This part of the lab will be done in the front of the room by the teacher.

Background

In Gel electrophoresis, an electric current is used to separate different lengths of fragments of DNA on a gel agarose medium. Gel agarose is placed into an electrophoresis chamber. The DNA is loaded into wells in the gel. When the current is turned on, the naturally negatively charged DNA is drawn to the positive pole. Shorter fragments travel farther than longer ones. This part of the lab will be done in the front of the room. 

1. Place a gel into the electrophoresis chamber.

2. Several food colors, each represents an individual person which have different DNA sample, will be loaded in the different wells. Several students may assist with this process. 

3. Close box lid and turn on the current to allow the gel to run.

4. Observations:

Observe the gel before and after the electrophoresis is run.

a. Record your results of the separated food colors on the lab sheet.

b. Then, complete A Case Study: Murder. You will use your observations to solve the murder mystery.

 A Case Study: Murder!


Ms. Scarlet has been brutally murdered in the Library!! She put up a tremendous fight but was stabbed numerous times by her assailant. The police suspect that the assailant had also been injured – remember Ms. Scarlet’s fingernails!! The crime scene investigator has collected a number of blood samples from the Library and from the victim for further testing. A few of the normal suspects have been conclusively eliminated leaving only Mr. Green, Col. Mustard, and Ms. Peacock. Police have obtained a warrant requiring each of them to give samples for DNA analysis.


You will use the DNA analysis to see if one of the suspects can be placed at the scene of the crime. 

· Suggest the name of the perpetrator to the police and explain the reason for your suggestion based on the data from the gel electrophresis.
III. RFLP Analysis: Genetic Fingerprints: A Paternity Case

Refer to A Paternity Case. Using the diagrammed results of an electrophoresis of DNA samples, you will solve a “parental suit”.

A Paternity Case


Mr. I.M. Megabucks, the wealthiest man in the world, recently died. Since his death, three women have come forward. Each woman claims to have a child by Megabucks and demands a substantial share of his estate for her child. Lawyers for the estate have insisted on DNA typing of each of the alleged heirs. Fortunately, Megabucks anticipated trouble like this before he died, and he arranged to have a sample of his blood frozen for DNA typing.

      Laboratory technicians used the Southern hybridization method to look at three highly variable chromosome regions. The results of the blots are shown in the following figure. Your job is to analyze the data and determine whether any of the children could be Megabuck’s heir.

      Remember that every person has two of each Chromosome, one inherited from his mother and one inherited from his father. Half of every person’s DNA comes from his mother, and half comes from his father, so some of the DNA bands showing in the Southern blots of the children will come from their mothers, and the rest will come from their fathers. The question is, could that father be Megabucks?

RESULTS OF HYBRIDIZATION ANALYSIS: see report for details of how to label
1. For the first child, identify the bands in the DNA profile that came from the mother. (Remember that not all of the mother’s DNA is transmitted to the child; just one of each pair of chromosomes is transmitted.) Mark the bands that came from the mother with an M. Circle the remaining bands.

2. Compare the remaining bands with the DNA profile from Megabucks. If he is the father, then all of the circled bands in the child’s profile should have a corresponding band in his profile. Use a straightedge to help you line up the bands accurately. (Remember that only half of the father’s chromosomes are transmitted to a child, so not every band from the father would match the child’s profile.)

3. Repeat the analysis for the other alleged heirs. Could any of them be Megabuck’s children?

4. For the Hospital mixup scenario, identify the parents of each child and mark bands maternal and paternal as above.
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