BIOL 1406 Discussion Questions: DNA Structure and Replication
1. E. coli cells grown on 15N medium for many generations are transferred to 14N medium and allowed to grow for 2 generations (2 rounds of DNA replication).  DNA extracted from these cells is centrifuged in a cesium chloride density gradient.  What density distribution of DNA would you expect in this experiment?  Explain your answer.

2. A new form of DNA is discovered that appears to be able to replicate itself both in the 3(  5( direction and in the 5( 3( direction. If this is true, how would this newly discovered DNA replication differ from DNA replication as we know it?

3. The sequence of base pairs in a section of DNA is shown below.  Show the sequence of base pairs in the 2 molecules that will result from replication of the original.  Label each of the 4 strands in the 2 molecules as either "old" or "new".  Then explain why DNA replication is called semiconservative.

A T C G T A A T G C G T

T A G C A T T A C G C A  

4. In the early to mid-1900s, there was considerable debate about whether protein or DNA was the hereditary material. For what reasons did many researchers assume that protein was the genetic material? What evidence did each experiment provide

5. Cytosine makes up 38% of the nucleotides in a sample of DNA from an organism. What percent of the nucleotides in this sample will be thymine
6. Watson and Crick were the first to correctly describe the structure of DNA. What evidence did they use to do this? How did they use this evidence to put together or propose the structure of DNA?

What evidence allowed Meselson and Stahl to eliminate the conservative model?

What evidence allowed them to eliminate the dispersive model.

7. In the Meselson-Stahl DNA replication experiment, if the cells were first grown for many generations in 15N containing media, and then switched to 14N containing media, what percent of the DNA had 1 light strand and 1 heavy strand after 2 generations of growth in 15N growth media?

8. Amazingly, an alien species of cellular organism is found alive in the remains of a meteorite that landed in the Mojave Desert. As a scientist, you are trying to determine whether this alien life-form uses DNA, protein, or some other type of compound as its hereditary material.

a. What kinds of experiments would you propose to determine what the hereditary material is?

b. If the hereditary material turns out to be similar to our DNA, describe the simplest experiments you could run to try to determine if it is double-stranded like our DNA, triple-stranded, or what.

9.
The DNA molecule is composed of 4 different types of DNA nucleotides.  Each nucleotide consists of a 5-carbon sugar called deoxyribose, a phosphate group, and one of 4 nitrogenous bases: Adenine, Guanine, Cytosine, or Thymine.  Draw 4 diagrams showing the molecular structure of the 4 different nucleotides that make up DNA.  For each nucleotide:

    -
shade the deoxyribose sugar in blue

    -
number the 5 carbon atoms in deoxyribose from 1' to 5'

    -
shade the nitrogenous base in gray

    -
write down the name of the nitrogenous base and indicate whether it is a purine or a pyrimidine

    -
shade the phosphate group in yellow

10.
On another sheet of paper, draw 3 more DNA nucleotides.  Draw the 3 nucleotides in a single column, one above the other.  Now show how 2 nucleotides can join together by drawing a red line between the 3' carbon of the top nucleotide and the phosphate group of the middle nucleotide.  Label the red line as a "phosphodiester bond".  Draw and label another phosphodiester bond between the 3' carbon of the middle nucleotide and the phosphate group of the bottom nucleotide.  You now have a trinucleotide (a molecule composed of 3 nucleotides).  Clearly label the 3' end of the trinucleotide and the 5' end.

11.
On a third sheet of paper, draw a diagram of a DNA molecule that is 6 nucleotide pairs long (2 chains, each with 6 nucleotides).  To simplify your diagram, use a yellow circle around the letter "P" to represent each phosphate group, use a blue pentagon around the letter "D" to represent deoxyribose, use a single gray ring to represent pyrimidine bases, and use a double gray ring to represent purine bases.  Your diagram should include the following features:

    -
indicate the name of each nitrogenous base by using A for adenine, G for guanine, C for cytosine, and T for thymine

    -
use solid lines for covalent bonds and dotted lines for hydrogen bonds

    -
clearly show how many hydrogen bonds hold each base pair together

    -
make sure you follow the base-pairing rule: A with T, and G with C

    -
label the 3' end and the 5' end of the 2 nucleotide chains (make sure the 2 chains run in opposite directions: 3' to 5' for one chain and 5' to 3' for the other chain) 

12.  What are the 3 components of a nucleotide?

13.   What are the 4 nitrogenous bases found in DNA, and what is their complementary bonding?

14. DNA is double stranded.  What kind of bond holds the atoms of a single strand together?  What kind of bond holds the 2 strands to each other?  Why is this bonding pattern important to the function of DNA?
15.  During DNA replication, one new strand is called the leading strand and the other new strand is called the lagging strand.

A.
Explain how synthesis of the leading and lagging strands is similar.

B.
Explain how synthesis of the leading and lagging strands is different.

C.
Explain why the leading and lagging strands are synthesized differently.

16.  Will the 2 DNA molecules produced during replication be the same, or different?  Explain.

17.  Why is DNA replication an important cell process?

18. Using the terms below:


Option 1: Create a concept map using http://ctools.msu.edu/ctools/index.html

Option 2: Create a working model using materials provided
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