Testing for Familial Hypercholesterolemia Caused by a Mutation in the LDLR Gene

INTRODUCTION: If you knew that you were carrying a gene for hypercholesterolemia would you want to know if your child was also carrying that gene?  Parents who have been diagnosed with familial hypercholesterolemia often want to know this information so they can put their child on a special diet that would decrease her chances of developing high cholesterol.

Hypercholesterolemia is caused by elevated levels of cholesterol in the blood. Cholesterol is a macromolecule found in foods obtained from animals- egg yolks, red meats, chicken, fish, and dairy products. Cholesterol is also produced by the body. The body uses cholesterol to build cell membranes, produce sex hormones, and produce compounds that help digest fats. In other words, cholesterol is essential to good health. However, too much cholesterol can lead to the development of heart disease, specifically coronary artery disease (CAD). CAD occurs when excess cholesterol is deposited in the arteries that supply blood to heart muscle, which can lead to a heart attack. In addition, excess cholesterol in the blood can be deposited in tendons, as well as around the cornea in the eyes and under the eyelid.

More than 34 million Americans have been diagnosed with high cholesterol (more than 240mg/100ml blood). Most people develop high cholesterol due to age or lifestyle choices- poor diet, smoking, and/or lack of exercise. However, a small percentage of people with high cholesterol inherit it due to a mutation in one of 4 different genes, APOB, PCSK9, LDLRAP1, and LDLR. If a person with familial hypercholesterolemia has one mutated copy of the LDLR gene they will develop high cholesterol and are at a greater risk of having a heart attack. Eighty-five percent of men with familial hypercholesterolemia have heart attacks in their 40s or 50s; women with this condition typically suffer heart attacks in their 50s or 60s.

In this lab, you will be testing for the presence of a mutated gene, the LDLR gene in a 2 year-old patient named Sylvia. Sylvia’s parents have both been diagnosed with high cholesterol in spite of the fact that they lead a healthy lifestyle. The gene, located on chromosome 19 is inherited in a dominant manner, meaning that if Sylvia inherits this gene she will have elevated cholesterol. If she is carrying a copy of this gene her parents must put her on a low cholesterol diet. Your task is to determine whether Sylvia is carrying one mutated copy, two mutated copies, or whether she has two normal copies of the LDLR gene. 

DAY 1: 

Agarose Gel Preparation
1. Get a piece of masking tape long enough to wrap several times around the gel casting tray.

2. Wrap the tape around the edge of your tray, being sure to press the tape tightly along all the edges and corners. Write your names on the tape.
3. Insert the comb in the notches at the black end of the tray.

4. Place the casting tray in an area where it won’t get bumped or moved.

5. Pour the liquid agarose into the casting tray. The total height of the liquid should cover about the height of the comb teeth. You will use about 20 ml of agarose solution.

6. If you see any bubbles, use a micropipette to move the bubbles to an edge of the tray.

7. Allow the gel to solidify. Do not touch or move the gel or the tray until the gel turns from clear to cloudy, which will take about 15-20 minutes.

8. Once the gel is set, remove the comb, put the gel in the plastic baggy with a little buffer solution, and label it with your name and block so it will be ready for the next class.

Practice Loading Gels: 

IMPORTANT: these practice gels will be used by all BSCS classes. DO NOT destroy them

1. Obtain a practice loading gel, and using tap water submerge the gel under water.

2. Set a micropipette with a tip on it to 35 µL.

3. Using the practice loading dye (dark green), each person in your group should practice loading 35 µL of this dye into a well of the practice gel. Remember that the loading dye is denser than water, so it will sink into the well…you don’t need to poke the tip into the well itself. Instead, place the tip just above the well, and steady your hand as you release the loading dye from the micropipette. 

CRITICAL REMINDERS: 

· ALWAYS USE a tip on the micropipettor.


a. Yellow tips for micropipettors marked with yellow tape/yellow button on top.


b. White tips for micropipettors marked with white tape/white button on top.

· ONLY set the pipette volume within the RANGE SPECIFIED for that micropipette.

· ALWAYS KEEP the micropipette VERTICAL when you have liquid in the tip.

How to take up a sample with a micropipette:

1. Practice pushing the yellow control knob. You should feel 2 stops. The first stop provides you with the dialed volume on the window. You use this stop when drawing up the desired volume. The second stop will release the desired volume. You push the plunger all the way when releasing the liquid. 

2. Push the micropipette firmly into one of the disposable tips in the tip box. 

3. Push down on the yellow control button with your thumb to the FIRST STOP and hold the button in that position. Dip the pipette tip into the liquid to be withdrawn (never dip into the liquid deeper than the top of the tip) and slowly raise the control button to draw up the liquid into the tip. 

How to dispense the liquid from the micropipette:

1. Insert the tip into a tube and slowly push the control button down to the FIRST STOP, wait a second. Now push the control button down to the SECOND STOP to push out the final amount of liquid. Keep the button fully depressed and while lifting the micropipette from the liquid drag the tip along the side of the tube. Now release the control button by slowly raising your thumb. DON'T let the button snap back! 
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When you’re done with a tip, dispose of the used tip by placing it in the waste container. Hold the micropipette over the waste container and depress the eject button with your index finger. The tip will pop off the end of the micropipette. 

Loading the practice gel:

1. In a Petri dish submerged under water is an agar gel with two rows of small rectangular wells (pockets for holding a small amount of liquid). For practice, you and your partner are going to load the wells with ordinary food coloring. See the drawing below to understand how to place the pipette tip into the well. Be sure you don't push the tip into the gel. YES, use both hands and support your elbows on the lab tabletop. 
Day 2: 
The scientists have the following samples of DNA that have been mixed with restriction enzymes in preparation for the next step:


Sample A – A known DNA sample called a “Standard” that contains fragments of known length


Sample B – Control DNA that is known to have two normal copies of the LDLR gene


Sample C – Control DNA that is known to have two mutant copies of the LDLR gene


Sample D – Sylvia’s mom’s DNA


Sample E – Sylvia’s DNA 


Sample F – Sylvia’s dad’s DNA

Running the Gels

1. Obtain a gel electrophoresis box and fill it with TE buffer about an inch deep. 

2. Cut a small piece off of one corner of your gel.  On the diagram below, indicate which corner was cut, and label the wells accordingly.  This will help you keep track of which wells will receive which DNA samples.  

3. Place the gel tray in the electrophoresis box so that the negative end of the gel tray (where the wells are located) is near the negative black electrode.  Why are we orienting the wells toward the negative end of the electrophoresis box?

4. Add more electrophoresis buffer to a level that just covers the entire surface of the gel.  Do not overfill with buffer, but do make sure that the wells are completely submerged.  If you notice “dimples” around the wells, add a little more buffer.

5. Set the micropipette to 35 µL.  You will load 35 µL of each DNA sample into separate wells.

6. Place the top of the electrophoresis box so that the plugs fit into the leads.  Always match red to red, and black to black!  DO NOT YET PLUG ANYTHING INTO THE WALL.

7. Check in with your teacher to make sure that everything is set up correctly.  Your teacher will help you plug in the box, and set the voltage.

8. Once your box is plugged in, you should see bubbles coming from the wires at the end of the box.  This confirms that the power is working.

9. Check your gel in about 10 minutes to see if the dye is moving toward the positive end of the box.  Do you see it separating into two colors?  We’ll leave the gels running for about 75 minutes.  Run the gels until the loading dye has traveled 4-8 cm from the wells.  Why should the gels NOT run longer than about 75 minutes?

10. Your teacher will disconnect the electricity after about 75 minutes, and will stain the gels overnight, so that you can analyze them.
Use the gel outline on the next page to label the DNA samples that you loaded onto the gel. Then do the Practice Reading Gels – complete the “paper lab” portion of the lab (both are on a separate page).
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Day 3:

Read and Discuss Results

1. Drain off the de-ionized water that was used to rinse your gels.

2. Draw a picture of your results using the gel outline that you labeled last class. 
NAME ________________________________

Day 2 - Practice Paper Lab

1. You are a genetics counselor and you have a meeting with a couple from Ghana (Mary and James) because they would like to know if they are carriers for Sickle Cell Anemia.  During this meeting, you tell them that there are three different types of people in regard to this disease:

· Normal – this person makes all normal hemoglobin (2 copies of the normal DNA sequence)

· Sickle Cell Trait – this person makes half normal and half abnormal hemoglobin, but are usually healthy because they have enough normal (1 copy of the normal DNA sequence, 1 copy of the Sickle Cell Anemia sequence)

· Sickle Cell Anemia – this person make 100% abnormal hemoglobin and because of this have a variety of medical complications (2 copies of the Sickle Cell Anemia sequence)

You take a sample of their DNA and the lab technicians use a restriction enzyme called MstKK, which recognizes the DNA sequence GGTCTC, and cuts the DNA between the first T and the first C (Like this: GGT|CTC).  Note: You are only seeing one strand of the DNA molecule here.  You could figure out the other half very easily.

Strand A: Normal DNA sequence

…AAGGTCTCCTCTTTTTGGTCTCCTCAGGTCTCCTT…
Strand B: Sickle Cell sequence

…AAGGTCTCCTCTTTTTGGTCACCTCAGGTCTCCTT…

Follow the directions below to draw sample gels for each of the three different types of people. 

1. Find all the places in each DNA molecule where the enzyme will make a cut and mark the fragments with a line like was done above.

2. Count the number of base pairs in each fragment.  Write down the size of each fragment from each strand:

a. Size of fragments from strand A: ______________________

b. Size of fragments from strand B: ______________________


3. To the right, create a drawing that indicates where the bands will be located on the gel for each of the following: 

a. A person with two normal copies of the hemoglobin gene

b. A person with two mutated copies of the hemoglobin gene

c. A person with one normal and one mutated copy of the hemoglobin gene


4. How does this activity relate to the lab we’re doing?
a





b





c








