Chapter 6: DNA Replication, Repair, and Recombination

Replication Steps:
	1. Replication origin (1-10 in prokaryotes, 10 K plus in eukaryotes) Fig. 6.9
 Origin is architecturally simple to open due to preponderance of AT (2 H bonds) of about 100 BP in length. 

The two strands means replication occurs in two directions (so origin is called a fork.)   The enzyme DNA Polymerase is at the heart of this reaction.  DNA Polymerase will add nucleotides to a growing strand in only a 5’-(3’ direction (as free OH a 3’ end is required for nucleotide hydrolysis.) Fig. 6.10 

As a result, the Replication Fork is asymmetrical with a growing single strand heading towards origin  in 5’-(3’ (leading strand) direction and as 5-(3’ portions (lagging strand) are revealed sequentially as the replication continues and leads away from the fork.. Fig. 6.12
2. Self Correction of DNA Polymerase (proofreading):  Can go in 3’(5’ direction to excise erroneous nucleotide. 

So why doesn’t it just add on nucleotides in this direction and avoid whole lagging strand crap?  Fig. 6.15 

Essentially: if 3--(5’ does not exist due to lack of ATP attachment site to drive it…

3. Priming of sequence: 
Since polymerase can add nucleotides only to an existing chain, need novel enzyme to start the process.  RNA primase will start this process (as it can lay down a strand with out base pairs present).  Later RNA is excised, substituted w/DNA, and finally DNA is ligated (attached to other DNA strands.) Fig. 6.16
4. Replication Fork Machinery:  helicase, SSP and Sliding clamps along with polymerase, primase and other enzymes of RNA primer substitution all work in synchrony.   While well studied, still many mysteries (i.e. how lagging and leading strands synchronized?) Fig. 6.17 & Q. 6.3

	


PCR side bar.  PCR can occur with-out such exotic machinery because DNA is single stranded from thermal separation. So all that is then need is a primer, TAQ, nucleotides, etc…

	DNA Repair: A mismatched nucleotide may ultimately manifest itself in a mutation.  Normally caught and quickly repaired, they do however get through. There are two broad categories of mutations.   Fig. 6.19

Germ: With in germ cells, results in inherited disorders (e.g. sickle cell.)   Often slow to accumulate in a population as they are usually fatal or severely deleterious.  Despite rarity, we have as individuals a fair number of them (masked by heterozygosity or low penetrance.)  Bulk of current research presently at level of identifying and predicting ramifications of germ cell mutations. 

Somatic:  Very common occurrence due to environmental influence. Only episodically problematic as mutation is in junk DNA, cell is shed (skin, intestine, which is not coincidental as these are cells most likely to be exposed to a mutagenic agent,) repaired, etc..
	


 If a mutation does occur….

	Can you identify two problems associated with not closing these nicks over time? ….

DNA is a long, fragile molecule and resonanates with-in the ultra-violet light spectrum, so often breaks and losses occur. 

Losses and damage include: depurination, deamination and thymine dimerization (among others)  Fig. 6.23, 6.24 & 6.25
	


Three Steps of Repair p. 214

	1. Excision (nuclease)

2. replacement (polymerase),

3. sealing of phosophodiester backbone (ligase) 

2 and 3 are same for most repairs, but 1 is specific.  Used in biotechnology as endonucleases with ability to cut at specific palindromes. 
	


DNA Recombination: 

· Homologous recombination: Holiday Junctions, Fig. 6.13

· Transposable elements, cut and paste, or replicative (derived from viruses) 

· Viruses as mobile genetic elements. 

Closing statement:  DNA replication fidelity is high and repair and verification mechanisms are strong, so mutation is low.  So evolution is too very slow, but steady. 

Individual mutations are kept very low, but within population the slow accumulation of mutations will result in a gradual change in the genetic make-up of population over time.  

Note: Individuals do not evolve, populations do…  so think about evolution verses mutations, individual verses populations. 

