MARCH 7 - DR JHONSON
Key points to consider – DNA REPLICATION IN EUKARYOTES

1. need multiple types of DNA synthesis so many types of polymerases, why do u need these? That’s the way its evolved but we can point out differences. Then tlk about what happens when u need more dna synthesis faster? Basic problem cannot replicate dna fast enough for daughter cell to get = amount dna.. euk do it one way prok do it another way. So we use prok cells as an example and ecoli. End problem difficult, basic model of dna synthesis predicts cannot replicate to the ends therefore lose a lot of dna and chromosome. How to solve problem: 
2 ways focus on euk- linear chromosome. What happens to chromosomes- structure new chromatin has to come apart reverse (hierarchal simplest to complex has to reverse) dna comes off histones then forms back- if you don’t make histones u cant make octomers, nucleosomes or anything else. Basis for all those models – decondensation then recondensation of daughter molecules. Prok ignore signals that cause this. You need enzymes, helocase to unwind dna, in order to get inside and read bases synthesis 5 to 3 reading bases 3 to 5 remains antiparralel.. to read that bases have to be open for synthetic apparatus called polymerase (in protein complex). To have that open up dna so remove helical structure which needs enzyme helicase uses ATP energy to do that. How do we keep it unwound for synthesis? Primase- general name for any rna polymerase that synthesis rna primer, they need a pre-existing primer (de novo). In genomic synthesis, use rna. Not all primases are the same not exact same enzyme they just have rna polymerizing activity, dna polymerase cannot initiate de novo but rna polymerases can. DNA ligase (ligase) closes the break, fill in the bit.
* DNA polymerase cannot synthesis de novo- DNA polymerases require a primer to initiate synthesis- it can be a suitable DNA molecule one tht has 3’OH that can be extended. Absence of primer one must be provided de novo. Rna polymerases used to initiate replication since they can synthesize a primer (RNA) de novo. Problem : how cell deals w short RNAs.
· how do u make molecule function as a template- give it primer.. one way open it up have rna polymerase make short primer and dna synthesis for rest of way. As long as 2 strands come apart dna synthesis can keep going till end of molecule
dna 5 to 3 ‘ from left to right top strand.. dna synthesis 3 ‘ to 5’ on top strand

Continuous synthesis- leading strand because synthesis of that stand always occurs before the template coming back. Because one template strand and one new strand that’s what we mean by semi conservative- daughter has one old and one new strand. Come back? Need a primer as soon as u open up some template a primase comes in doesn’t recognize sequence just starts priming that’s the primer for coming back. Staggered synthesis, lagging strand =discontinuous (open up helix prime synthesize) synthesis coming back on lagging strand only goes as far as the next primer and then stops. 
ORI- place where synthesis starts origin of bacteria.. ARS in eukaryotes not at end of molecule in ecoli circular so no end.. if ARS in chromosome lots so always somewhere in molecule where there is more dna to the left and more to the right.

-discontinuous coming back. 

Coming back need rna primer as open more u can prime again & again. Need dna polymerase to recognize nucleotides and put correct ones and catalyze polymerixation event.  Fate of this RNA-  has to be removed. Gap needs to be filled in by DNA polymerase.. 
Ribonuclase rnas- enzyme digests rna- recognizes rna while its in rna/dna hybrid on lagging form rnaH- for hybrid we have this. 
Gap repair-extend primer 3’ OH 5’ phosphate nic or single strand discnt become one large piece without a nic- ligase enzyme does this using ATP. Lagging- step wise

Major enzymes of DNA replication

Helicase- unwinds dna helix&makes it available as a template expose nucleotide so they can be putting in complement.. need protein to keep it single stranded so its not double stranded folded up. Have primase on both strands one on leading strand needed once for each direction, on lagging needed repeatedly. Need polymerases many complexes for different functions – filling gap , forward , reverse. Ligase after removed the primer& replaced it with DNA it can join it together to make it continuous strand. 
Complicated structure-nucleosomes- Dna wrapped around nucleosome also have solenoids have dna all around nucleosomes wrapped up into solenoid.. when bind dna around something or to a protein it changes its structure.. if we then try take it apart we twist up DNA.- supercoils when unwinding dna –additional coiling not in primary helix, dna will get so twisted up that synthesis will stop. (also RNA2) Cell get around it by using enzymes that change supercoiling most common in bact or euk are teposomerases or gyrase or niking closing enzyme (nik dna , dna twisted up gets relaxed then closes helix again- back to double stranded). Enzymes tht recognize twisting come and break dna strand tension release joins them together to open up more the helix..  Must function head of the replication fork where strain will occur. 
Telomeres
 What happens to the ends? Np for bacteria because most genomes have no end-circle.. some things that are linear will circlize before replication. Cannot replicate to the end in linear molecule- top strand (continuous synthesis) u can go to the end , but once u get to the end how do u get back to copy other strand? Model says discontinuous and has a primer which is RNA. Very interesting solutions: Virus actually use protein as a primer we don’t do that, some use retro element as its end we don’t do that either. So in the 90’s discovered that the ends of the chromosomes has a very simple repeat, varies in length but in us 6 nucleotide repeats TTAGGG repeated many times. Strategy: put 1000 copies of this and if u lose 100 nobody cares still have a viable ends, next generation boost # up and lose any don’t care either. (all that’s disappearing is dna with no function) So strategy to make dna that is no useful function except to be there to finish off the end. Tht piece of dna polymer of this tht protects against the end sacrificing that dna, done by an enzyme complex called telomerase jus means end.. 
If you get to the end u get a primer remove the primer u get a gap, so u somehow need to add something so  u don’t digest something that has a gene. So telomerase extends 3’ OH does it in absence of template then single strand becomes double strand by normal priming. How does it work? Telomerase make dna needs a template but no template here so how does it work? Telomerase evolves to carry its own primer- a small RNA and copies it into dna gives us the repeat. So it has an activity that is an dependant dna polymerase activity and caries it on its own template- so template forms double stranded region –extends 6 nucleotides at a time. (shift and copy another 6) 

DNA synthesis

Many origins of replication many ARS described 2 of them, if u want to replicate faster u use more, slower u use fewer. The more origin u use ARS u start at, the less DNA will have to be made before it hits replication made by the other one. If u want more synthesis u do not accelerate the rate of DNA synthesis that max out u have to start dna synthesis at more places.. so unit of time more of the chromosome is copied bcz starting at more origins. Faster cell is replicating more origins being used the more this is occurring. Bacteria have to be different.
This is how ecoli does it. 

Origin where it starts called ( oriC) origin for chromosome, oriP for plasmids, starts in one place and goes in both directions, it doesn’t go till it stops, it goes till it recognize sequence called terminator stops there &when uve gone both directions you resolve the terminator. You can move terminator and oriC around by cloning.
· if this cell can divide in 20 mins& give a chromosome to each of its daughter why is it tht the maximal amount of dna synthesis occurs in bacteria to copy chromosome would take about 40 mins? Clue: find bubbles which show replication, conclusion before replication terminates ecoli starts another round of replication. (can do that a couple of times)- initiates replication before termination. 
Mechanisms that correct errors (repair): 

Errors inevitably occur, during replication or caused by DNA damage. These are treated differently by the cell. During replication there’s a proofreading function that recognizes the error , removes the error then fills it in properly. (part of DNA polymerase complex)  DNA polymerase not 100% fidelity therefore makes error. We have so much DNA that even if error is 1 in a million, there will be mistakes which are recognized base is removed then it reads again called proofreading it is an inherit function of cellular DNA polymerases. It depends on ability of DNA polymerases to reverse& remove mismatched bases. If we had no proofreading we would all be mutated. Enzymes that don’t have proofreading are taq polymerase makes errors 1 in a 1000, RNA dependent DNA polymerases make mistakes no proofreading. 
DNA repair: corrects errors that escape proofreading or caused by DNA damaging agents. It recognizes errors that are usually caused by DNA damaging agents or proofreading. – important function for our survival people without DNA repair have high rates of cancer. 
Proofreading by DNA Polymerase

· if replication error causes a base to be mispaired (instead of putting a T opposite of A it puts a C fore xample which doesn’t form H bonds excepted). DNA POLYMERASE reverses and removes the most recently added bases. Enzyme then resumes DNA synthesis in the forward direction. 

DNA Repair Mechanisms

Errors that occur because of environment lots of them, fortunate for us we have efficient repair mechanisms. – recognize distorted regions caused by mispaired base pairs. – remove DNA section with mispaired base from the newly synthesized nucleotide chain. – resynthesize the section correctly, using original template chain as a guide. GENERAL MECHANISM- cut out the damaged bit then repair it by DNA synthesis then ligate it together. 
Error prone repair: might make a mistake but better to have a function chromosome and hope to survive then to have non functional chromosome. 

Fate of RNA synthesized then gets discarded after getting translated it gets junked, so if make a mistake in RNA synthesis might or might not affect protein but you do not inherit it, but in dna you inherit the mistake. 

NOW MOVED FROM REPLICATION TO TRANSCRIPTION

· talk about mechanism in this section, how to make RNA molecule and how u process it after u made it, unless dna once its made it undergoes many modifications. 
Transcription in Eucaryotes and Gene Regulation 

“A gene codes for a protein” original def was genetic examples: unit associated with an inherited trait”, “genes are the units of heredity in living organisms”, “biological or basic unit of heredity found in all cells”.

But soon after we added”molecular” info examples: “unit of information on a chromosome”, “basic unit of heredity; a section of DNA coding for a particular trait.
