Genetics Lecture 9
DNA Replication
We know that all cells have to contain all the genetic information


When cells divide, each cell needs a complete copy – DNA has to replicate


method seemed obvious once the structure was known

Helix consists of two complementary strands


if you know there is an A in a certain position on one strand, what’s on the other?


anti-parallel: 3’= OH of ribose, 5’ = phosphate – you know its orientation
*Conservative, Dispersive, Semi-Conservative


Messelson-Stahl, 15N medium



1st replication round: what’s expected for each? C: 15,14; D: 14.5; SC: 14.5



2nd replication: C: 15, 14; D: 14.25; SC: 14, 14.5

Reminder:  When does DNA replication occur?  What form is it in?
Process relies on many enzymes – we’ll look at replication in prokaryotes first
*First step:  unwind and break H bonds between bases (helicase)


(molecule must be stabilized to avoid supercoils (topoisomerases ex. gyrase) 


strands have to be stabilized with binding proteins so they don’t coil back up (SSBPs)

origins of replication are fixed and usually have lots of AT pairs; 2 bonds easier to break

*Second step:  DNA polymerases will add complementary nucleotides to the strands


but, there are hurdles



1.  most DNA polymerases can only work on polymers 




to get started, primase (an RNA polymerase in prokaryotes, DNA polymerase  in 





eukaryotes) adds RNA primer unit (10-60 nucleotides)



DNA nucleotides added in tri-phosphate form, 2 P’s released, energy used



2.  polymerase can only work on a 3’ end (-OH) proceeds 5’ to 3’ of new strand



leading strand is fine and replication occurs quickly




lagging strand done in sections (hundreds of nucleotides) with many RNA primers





Okazaki fragments





semidiscontinuous replication

Third step:  RNA fragments have to be replaced by DNA


DNA polymerase I has exonuclease activity



removes RNA primers and adds DNA nucleotides

Fourth step: ligase fills in any gaps between phosphate backbones by forming phosphodiester bonds

gaps are between Okazaki fragments and where the primer was and remaining strand

Fifth step:  proofreading by DNA polymerases can correct most mistakes (E. coli, 5 different polymerases, 3 for proofreading; 15 different polymerases in eukaryotes)

error rate < 1/billion nucleotides

**Two animations: Rate: E. coli, 1000 nucleotides/second 

**Bidirectional, multiple origins in eukaryotes (replicons)

*summarize rules of replication

*Bacterial replication: theta vs. sigma

What’s different in eukaryotes?

chromosomes aren’t in circles – how do you finish the ends?

*think of a leading strand; you’ve got an RNA primer on the end followed by the replicated strand



the RNA primer is removed by polymerase leaving only the single stranded template




DNA nucleotides can’t be added onto the 5’ end

If these ends weren’t replicated, DNA would just get shorter and shorter



the ends of DNA strands consist of repeating units called telomeres



telomerase, with its single RNA strand, binds to the single template strand (overhangs)




DNA base pairs are added to the original template strand, lengthening it




the complementary strand can be synthesized then in the same manner as before




ends removed


the number of times a cell can divide depends on telomere shortening – about 40


Causes of aging attributed to telomere shortening, stress shortens telomeres



*studies with a nematode show that increasing telomeres caused them to live 20% longer



*study in humans, those with longer live average 5 years more


cancer – over expression of telomerase expands cell lifespans and replication activity

*Drugs sometimes target replication – AZT (3’-azido-2’,3’-dideoxythymidine)


preference for HIV reverse transcriptase – stops replication once inserted


other nucleotide analogs also used

*Cell Cycle – cdk/cyclin control



growth factors – hormones targeted to specific cells




attach to receptor sites on cells, cause cell to make cyclin



cdk is another protein in the cell




cyclin 1 attaches to cdk to initiate S phase (complex activates proteins)




cyclin 2 makes mpf to initiate mitosis


APC – what do you think it does?


Checkpoints



incomplete replication halts mpf production



spindle checkpoints during mitosis



p53 is a tumor suppressor gene that halts cdk2 activity


cancer – cells with too many GF receptor sites or without GI sites



cyclin doesn’t degrade

