Double Helix
DNA Structure and Replication-HONORS
In the mid 1950’s, James Watson and Francis Crick outlined the structure of the DNA molecule using   x-ray evidence from Rosalind Franklin and the base-pairing rule from Erwin Chargaff.  Their proposal, which was later confirmed and awarded the Nobel Prize, is that DNA is a double chain polymer in a helical or twisted ladder shape called the double helix.  Each polymer chain is made of linked nucleotide monomers and each individual monomer has three components: deoxyribose sugar, phosphate, and a nitrogen base. It is the arrangement or order of these nucleotide monomers that stores the genetic recipes to make protein products.  
The structure of DNA’s construction lends itself to its functions of not only storing genetic information but also to open up and access those recipes or to copy them for passing on to the next generation.  Hydrogen bonds between nitrogen bases are simply “sticky attractions” unlike the strong covalent bonds between sugar and phosphates.  It is very easy to “unzip” the DNA down the middle of the double helix at those Hydrogen bonds and use the base pair rule to copy both sides. 
Procedure 1:  Build the ladder shape DNA polymer from the monomer building blocks. 

1. Build a single polymer string of nucleotides that is at least 6 monomers long.  The linking of monomers would be a dehydration synthesis reaction and the bonds between monomers would be strong covalent bonds.  

2. Use Chargaff’s base-pairing rule (Adenine-Thymine and Guanine-Cytosine) to create a second string polymer that would be complementary to the first polymer string you made (complementary means it matches).
3. Push the two strands together such that the nitrogen bases fit together (Hydrogen bonds would pull the two strands together-remember Hydrogen “sticky” bonds).  
Procedure 2:  Replicate (make a copy) of the DNA
4. When cells divide to make new cells, they must first copy the DNA so both cells get a full set of DNA.  “Unzip” the ladder by breaking the Hydrogen bonds that holds the nitrogen base pairs together.

5. Use “free nucleotides”  (loose extra monomers) to match each side of your open strand.
6. Look at your two complete ladders; how do they compare?  How much of each copy is “old” and how much is “new”? 

Double Helix Follow-up Questions:

1. What is the monomer building block that makes up DNA polymers?  How many kinds of monomers are there and what are they called?

2. What parts of the monomers make up the sides (hand rails) of the DNA “ladder”?  How are they arranged?

3. What parts of the monomers make up the rungs (steps) of the DNA “ladder”?  How are they arranged? 

4. DNA polymers are exactly the same between species in some ways.  What are several ways your DNA polymer model is the same as those of your classmates?

5. Your DNA polymer however is different to make you uniquely you.  How is your DNA polymer model different from those of your classmates? 
6. The DNA molecule is called a double helix.  What does the term “double” refer to?  How about the “helix”?  

7. Nucleic Acid polymers like DNA have the function of storing genetic information (recipes).  What do the recipes make?  Suggest how the recipe could get “mutated” or changed so that the product doesn’t come out right. (Mutate your DNA model as a way to discuss this question). 
8. If there are 26 letters in the alphabet, how might the DNA code also act like letters in a “genetic code alphabet” to store information?  Suggest a couple of different DNA “words” using three nucleotide bases.  If the message on one strand was ATG | GGC | CAG | TTA, then what would be the complementary strand on the other side?
9. When replicating the DNA you had to “unzip” the Hydrogen bonds.  What type of molecule breaks bonds?  What type of chemical reaction would that be and why?

10. When building your new copies of the DNA what type of chemical reaction would that have been?  What type of molecule would have been needed to assist in that activity?  
11. When your two copies were made, how did they compare to each other?  How much of EACH molecule was “old” and how much was “new”?  What “rule” allows the original molecule to serve as a perfect template to direct the building of a copy molecule?

Extension: 
12. How did you get your DNA?  And where did it come from before that?  And before that?  And before that???  …you get the idea.  So if ALL species have DNA using the same code and made of the same monomers; what can be inferred?  So why aren’t we all identical; where did all the differences come from?
