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1928, Frederick Griffith found 2 strains of Streptococcus pneumoniae: 1 pathogenic, 1 harmless.  He killed the pathogenic strain; then mixed the remains with the living nonpathogenic strain.  Some of the living cells became pathogenic.  He called it transformation.

1947, Erwin Chargaff reported that DNA composition varies from one species to another. Chargaff recognized that A & T, and C & G, were present in equal quantities. (Chargaff’s rules).

1952, Alfred Hershey and Martha Chase discovered that DNA is the genetic material of the T2 phage.  (Bacteriophages or phages – “bacteria eaters,” viruses that infect bacteria).
1953, James Watson (American) and Francis Crick published their 3-D model of DNA as a double helix in a 1-page paper in Nature.

Adenine forms 2 H bonds with thymine.

Guanine forms 3 H bonds with cytosine.

A and G are purines.

C and T are pyrimidines.

DNA Replication models:

· Conservative

· Semiconservative

· Dispersive
The Mendelson-Stahl experiment showed that it was the semiconservative model that was most likely based on using isotope of nitrogen.

All 6 billion bases in a human cell can be copied in a few hours. (Bacteria can copy their DNA in <1 hour).  We have ~1000 X more DNA in our cells than bacteria.  ~1 mistake/billion nucleotides occurs.  Several enzymes and other proteins aid in the replication of DNA.

Origins of replication – special sites where the two parental strands of DNA separate to form “bubbles”.  In eukaryotes there are 100’s –1000’s of origin sites along the giant DNA molecule of each chromosome.  In bacteria, there is only 1 origin of replication.

Replication fork – found at each end of a replication bubble, Y-shaped region where new strands of DNA are elongating.

DNA polyermases – catalyze elongation of new DNA and fixes mistakes made when DNA is copied.
Free nucleotides serve as substrates for DNA polyermase.  The nucleotides are nucleoside triphosphates.  As each monomer joins the growing end of a DNA strand, it loses two phosphate groups.  Hydrolysis of the phosphate is the exergonic reaction that drives the polymerization of nucleotides to form DNA.

Antiparallel DNA strands result in the addition of nucleotides for replication at only the free 3’ end (never the 5’ end).

The antiparallel feature results from the sugar-phosphate backbones running in opposite directions.

A new strand can only elongate in the 5’ ( 3’ direction.

Leading strand – DNA strand made simply by addition of nucleotides in the 5’ ( 3’ direction, toward the replication fork.

Lagging strand – DNA synthesized away from the replication fork in a series of segments (like back-stitching).  Pieces called Okazaki fragments.  The fragments are ~100-200 nucleotides long.

DNA ligase – enzyme that joins the Okazaki fragments into a single DNA strand.

Primer – short stretch of RNA (~10 nucleotides long) that serves as the template.  Only one primer is needed for a DNA polymerase to begin synthesizing the leading strand.  For the lagging strand, each fragment must be primed.  Primers are converted into DNA before ligase joins the fragments.

Primase – enzyme that joins the RNA nucleotides to make the primer.

Helicase – enzyme that untwists the double helix.

Single-strand binding protein – holds the unpaired DNA strands apart.

See p317, Figure 16.15. 
While DNA polymerase is main enzyme that repairs mismatches, many other enzymes aid in this function.  Almost 100 known enzymes in E. coli alone for this purpose.

Nuclease – a DNA-cutting enzyme (restriction enzyme).

Excision repair – type of damage repair to DNA, that includes use of a nuclease and then filling in with nucleotides from the undamaged strand.  Important in skin cells due to UV damage.

Since DNA polymerase can only add nucleotides to the 3’ end, repeated replication produces shorter and shorter DNA molecules.  Prokaryotes avoid the problem with circular DNA (no ends).

Telomeres – Eukaryotes have them.

· Special nucleotide sequences made of multiple repetitions (100-1000) of 1 short nucleotide sequence, usually TTAGGG.

· Telomerase – enzyme that catalyzes the lengthening of telomeres. 
· NOT usually found in somatic cells of multicellular organisms like us.  May be a limiting factor in the life span of the organism.

· Telomeres & telomerase are found in the germ line cells (gamete producers).

· Researchers have found telomerase in some cancerous cells. 
Functions of DNA organization

· To fit into the cell

· Regulation of transcription and replication

· Packing for cell division

Chromatin – matrix of DNA with proteins seen during interphase.  Two major types:

1) Euchromatin – DNA is loosely bond to nucleosomes (protein spools). (DNA is being actively transcribed).

2) Heterochromatin – areas where the nucleosomes are more tightly compacted and where the DNA is inactive.  Because it’s condensed, it stains darker than euchromatin.

Histones – proteins (+ charge) that DNA (- charge) spools around to form nucleosomes (beads on a string).

Structure of chromatin (small to “large”):
1) DNA double helix

2) Nucleosomes

3) 30-nm chromatin fiber – made from coiling nucleosomes

4) Looped domains – fibers loop on a protein scaffold

5) Chromosome (or 2 chromatids)

Repetitive DNA – nucleotide sequences present in many copies in a genome, usually not within genes.

1 typical human cell expresses only 3-5% of its genes at any given time.  Cell differentiation determines which genes expressed.  (DNA methylation generally turn genes off). Acetylation (-COCH3) usually turns off histones binding ability – therefore freeing DNA for transcription
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