Module:  Genetic Engineering

Topic Area:  DNA

Benchmark/Lesson: 
Lesson 1  SC.F.1.2.1, 3, 5
The Cell Power House

                      

Lesson 2  SC.F.2.2.1    
The Double Helix




Lesson 3  SC.F.2.2.1    
DNA in a Blender

Lesson 2:  The Double Helix
Overview:

What do a person, a daisy, a fish, and a beetle have in common? They're all made of cells. But if all living things are made of cells, what makes each one unique? You're different from a snail, a tree, and even your best friend because of your DNA, the unique genetic code found in every cell in your body. You can't see DNA's structure (even with a powerful microscope), but you'll make a model of it in this activity.

Background Information:

Every cell, no matter how small, contains all the genetic information for the entire organism. This genetic information is called Deoxyribonucleic Acid (DNA).  DNA contains the instructions for the development of an organism and for carrying out life processes. Information encoded in DNA is transmitted from one generation to the next. DNA codes for proteins which are important in determining the structure and function of cells and tissues. Strands of DNA are long polymers built of millions of nucleotides that are linked together. Individually, nucleotides are quite simple, consisting of three distinct parts:  

1. One of four nitrogen bases 

2. Deoxyribose (a five-carbon sugar)  

3. A phosphate group 

The four DNA nucleotides are adenine, guanine, cytosine, and thymine. These will be referred to as A, G, C, and T respectively.  Adenine and guanine are classified as purines since they are double-ringed molecules. Cytosine and thymine are pyrimidenes due to the fact that they are single-ringed molecules. A pyrine binds with a pyrimidene in [image: image1.png]


DNA to form a base pair. Adenine and thymine bind together to form the A-T base pair. Likewise, guanine and cytosine come together to form the G-C base pair. The bases are joined together by weak hydrogen bonds, and it is this hydrogen bonding that produces DNA's familiar double helix shape.
Whatever nucleotides are in one strand, they rigidly fix the sequence of nucleotides in the other strand due to the way base pairing occurs (A with T, G with C). The two strands are complementary.  In addition, it must be noted that the two strands are anti-parallel. That means that they run in opposite directions.  The double-helix shape of DNA is shown here. The two strands are clearly visible, one being coloured blue, and the other red.  

Science Processes:

Observing

Investigating

Recording

Inferring

Materials:

Colored construction paper

Scissors

A pencil

A box of plain-colored toothpicks

Magic Markers

A ruler

String or masking tape

Engaging Questions:

1. What is DNA?

2. Why is DNA a part of every cell?

3. What does anti-parallel mean?  Why is the DNA strand considered a double helix?

Teacher’s Procedure:

1. First, make the sides of the ladder. To do this, cut two strips of colored paper that are at least two feet long and about one inch wide. (If your paper's not long enough, tape a couple of strips together.)

2. Use a pencil and a ruler to mark each inch along one strip.

3. Next, make the steps or rungs of the ladder. In DNA, these steps are made of four bases: adenine (A), thymine (T), cytosine (C), and guanine (G). Choose four colors from your markers to represent the four bases. Write the colors you choose for each base here:


4. Take 10 toothpicks. For each one, color half the toothpick the color you chose for A. Color the other half the color you chose for T. Take ten more toothpicks and do the same thing with the colors you chose for C and G. (It's important that A is always paired with T and C is always paired with G.)

5. Now construct your double helix! Grab both strips of paper, put one on top of the other, and tape them together at each end.

6. Using the pencil marks as a guide, poke a toothpick through the middle of the strips at every inch. You can add toothpicks in any order you want.

7. Keep going until your strips are filled up. Be sure to leave some room at the ends of the strips. Make sure all the toothpicks are pushed halfway through the holes.

8. Gently spread the two strips apart until your model looks like a ladder. This is what DNA would look like if it weren't twisted. (Hint: If any toothpicks fall out, put a drop of glue on the hole, stick the toothpick back in, and let the glue dry. You could also wrap a piece of tape around the toothpick.)

9. Now for the twist: Tape one end of your model to a wall or wherever you want to hang your DNA model.

10. Then, carefully holding the DNA model, twist it at least once around until it looks like a double spiral. Tape the other end to a flat surface. Congratulations - you've done the DNA twist!

How to Manage the Demonstration:

1. This experiment is best performed if students make their own models.  

2. Show a completed DNA strand that you have made prior to the demonstration day to the front of the class so they can see what they are trying to achieve, than allow the students to make the models at their desks.

Student Procedure:

1. Follow Steps 1 through 10 of the Teacher’s Procedure

2. DNA is very, very long and curves in all directions. First, see how long you can make your DNA model. Then see if you can make your double helix turn and curve in different directions.
3. Be prepared to discuss the double helix shape with the teacher.

Conclusion/Discussion:

1. Discuss the reasons that DNA has to be so flexible

2. Discuss the four nitrogen bases and their importance.

3. Introduce the idea of DNA replication.

Extended Activities:

1. Experiment by using different materials to see what works best, like Popsicle sticks or cotton swabs for the steps and pipe cleaners or flexible wire for the sides.


Suggested Sources/Websites:

http://www.tvdsb.on.ca/westmin/science/sbi3a1/Cells/cells.htm

www.biology.arizona.edu/cell_bio/ tutorials/cell_cycle/cells3.html

http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/page1.html

http://www.vuhs.org/apbio/clone/history.htm

http://www.biology.arizona.edu/cell_bio/tutorials/cell_cycle/cells3.html

Student Experiment Packet will include:

Experiment 

· Materials

· Procedure
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