Chapter 14: DNA Structure and Replication
Vocabulary:

Purine

Pyrimidine

Chargaff’s rule

Semiconservative replication

Sliding clamp
Helicase

Single-strand binding protein

Topoisomerase
Primase

DNA polymerase III

DNA polymerase I
Ligase

Telomerase
Outline

Deoxyribonucleic Acid, DNA, the genetic material of all living organisms

14.1 Establishing DNA as the Hereditary Molecule
I. Griffith Found a Substance That Could Transform Pneumonia Bacteria Genetically

a. R strain pneumonia is harmless (Nonvirulent), Mice + R = healthy
b. S strain pneumonia is pathogenic (Virulent), Mice + S = death
i.  blood samples had live bacteria
c. Mice + heat killed S = healthy

d. Mice + live R + heat killed S = death 
i. blood samples had live S bacteria in it

e. Transformation of R strain to S strain,  the genetic material from S strain was inherited by descendants
Explanation: S strain had been killed, but its genetic information (the component that made it lethal) was still intact.
II. Avery, MacLeod, and McCarty Indentified DNA as the Molecule That Transforms Nonvirulent Streptococcus Bacteris to the Virulent form
a. Transformation still occurs after treatment with protease

b. Transformation still occurs after treatment with RNase

c. Transformation ceases after treatment with DNase

d. Transforming principle is DNA

Explanation: DNA carries the genetic information of the bacteria that allowed for transformation; not proteins or RNA
III. Hershey and Chase Obtained the Final Experimental Evidence Establishing DNA as the Hereditary Molecule
a. Radioactive label P of bacteriophage DNA  

b. Radioactive label S of bacteriophage proteins

c. Allow bacteriophage to infect bacteria

d. Labeled P found in bacteria cells and phage progeny

e. Labeled S found in supernatant

Explanation: DNA carries the genetic code of the virus; not proteins
14.2 DNA Structure

I. Watson and Crick Brought Together Info from Several Sources to Develop a Model for DNA  Structure

a. 3 components of a nucleotide:

i. 5 carbon sugar (DNA uses deoxyribose; RNA uses ribose)

ii. Phosphate group
iii. Nitrogenous base

1. Purines – adenine and guanine

2. Pyrimidines – cytosine and thymine  (uracil in RNA)
b. Chargaff’s Rule: A=T, C≡G 

c. Polymer of nucleotides

i. Sugar-phosphate backbone (covalent, phosphodiester bond)

ii. With distinct 5’ end and 3’ end

iii. Rosalind Franklin and Maurice Wilkins: x-ray diffraction studies indicate DNA is helical

II. The New Model Proposed that Two Poly Nucleotide Chains Wind into a DNA Double Helix

Watson and Crick’s double helix model (Figure 14.6):
a. Double Stranded, 2 polynucleotide chains

b. Sugar-phosphate backbone outside, basepairs inside

c. Anti-parallel (5’( 3’ and 3’( 5’)

d. Hydrogen bonds between bases (complementary base pairing) 

i. Purine and pyrimidine
The history of the discovery of DNA is so dramatic that I spend (probably) too much time on it. See supplemental notes. I mention names of researchers involved, but I only expect students to remember Rosalind Franklin, Maurice Wilkins, James Watson and Francis Crick.

14.3 DNA Replication
Semi-conservative Replication
I. The Meselson and Stahl Experiement Showed the DNA Replication is Semiconservative

a. Heavy N isotope (incorporates into DNA) was used to tag parental DNA
i. Parental: all DNA heavy
ii. Round one: all DNA medium density (between light and heavy)
iii. Round two: half DNA medium density; half DNA light density

Explanation: initially all DNA was heavy, after first replication DNA is medium because it has a heavy and a light strand, after second replication half DNA is medium (heavy and light strand) and half DNA is light (2 light strands). Semi-conservative model! (Figure 14.9) I don’t mention the other options, why confuse the students.

II. DNA Polymerases are the Primary Enzymes

a. DNA unwinds, both sides act as the template

b. DNA  polymerase adds nucleotides base on complementary base pairing

c. DNA polymerase adds to the 3’end of the existing DNA

i. Builds 5’ to 3’,  Reads 3’ to 5’ (Anti-parallel) 

d. Sliding clamp: helps keep DNA polymerase III on the DNA template 

III. Helicases Unwind DNA and Other Proteins Stabilize at the Replication Fork

a. Origin of replication: a small, specific sequence where unwinding of DNA begins

b. Replication fork: two unwound strands of DNA

c. DNA Helicase: uses ATP to unwind the DNA double helix

d. Single-strand binding proteins: stabilize and keep single strand of DNA from repairing

e. Topoisomerase: (used to be gyrase) prevents supercoiling of DNA by relieving torque (force that causes twisting)

IV. RNA Primers Provide the Starting Point for DNA polymerase

a. DNA Polymerase can add nucleotides to the 3’ end of an existing strand

i. But what if there is no existing strand?

b. Primase – adds ribonucleotides (a short strand of RNA) to start the DNA strand

V. One New DNA Strand is Continuous; the other Discontinuous
a. DNA Poly. Builds 5’ to 3’

b. Leading strand and leading strand template

c. Lagging strand and lagging strand template

i. Discontinuous replication

ii. Okazaki fragments

d. Figure 14.14

VI. Multiple Enzymes Coordinate in DNA Replication

a. DNA Polymerase III: the main polymerase, extends primer using energy in tri-phosphate DNA nucleotides and complementary base pairing
b. DNA Polymerase I: replaces RNA primer and fills gaps

c. Ligase: seals nicks in DNA backbone

VII. Replisome: key proteins and enzymes that are assembled into a DNA replication complex/machine

The structure of DNA is very important for understanding replication. The basic process of replication, including enzymes, is fundamental, and students should be very familiar with it.
VIII. Bacterial Chromosomes; Eukaryotic Chromosomes

a. Bacteria have single circular chromosome and a single point of origin

b. Eukaryotes have multiple linear chromosomes and multiple origins of replication
IX. Telomerase Solve a Replication Problem at the Ends of Linear DNA

a. Telomeres are replicated using telomerase.
b. Uses an internal RNA as a template and NOT the DNA

c. Activity decreases as we age

d. Link between aging and telomerase activity (or telomere length)

e. Is telomerase the fountain of youth or a highway to cancer!?!

I am not too concerned about the details of the differences between Pro and Eu replication.

14.4 Repair of Errors in DNA
I. Proofreading, correcting errors during DNA replication (DNA Poly III)

II. Mismatch repair, Repair proteins remove the mismatched pairs, DNA Poly I fills in the gap with new DNA, Ligase seals the nick

III. Excision repair, removal of damaged base pairs, similar to mismatch repair, but special proteins search for damage

a. Damage caused by ultra violet light
IV. Replication Errors and DNA Damage that Remain Unrepaired are Mutations

a. Mutations  are extremely rare
b. If in a gene it may alter the organisms function

Students should be familiar with mutation as a fact of life, a source of evolution, and a cell’s ability to correct them.
