Nucleoside

Know Purine/Pyrimidine (“Pure As Gold)


Know difference between:


Bases

Adenine, Guanine, whatever



Nucleoside
Base + Sugar


Nucleotide
Nucleoside + Phosphate


Anti-adenosine is more common (B-DNA) why?

Syn-adenosine (ex:  Z-DNA)


Know base pairs (Chargoff’s Rules)


A-T



C-G


Characteristics of double helix


Diameter
20 A



Adj. Bases
3.4 A apart



Base offset
36 (degrees from neighbor)


Helix makes one turn every 10 bases which = 34 A

Watson & Crick


They were looking for:



Details of genetic material (replication, transport, etc)


Replication


Two strand of double helix separate and serve as template



Semiconservative = 1 OLD strand + 1 NEW strand



( Provides redundant genetic information



( If one strand is damaged, other strand still has information


Physical properties



Held together by H-Bonds and base-stacking forces (only significant in dsDNA)


Absorption of UV light


Due to delocalization of electrons


sDNA absorbs UV 260 nm



dsDNA do NOT absorb as much (can be used to measure how dsDNA there is)



Hyperchromic = the less dsDNA, the more UV light will be absorbed (purity)


Denaturing DNA



No TQ’s


Aka melting


Via acid, heat, urea



Tm = ½ DNA is denatured



Based on GC content, because 3 H bonds are stronger, so harder to break


Reversible (Annealing)


There is linear relationship between Tm and %GC


Also increase GC = increase density


DNA/RNA Hybrids


Anneal RNA to DNA strand

Viscosity of DNA


NO TQ’s—nothing even highlighted



Viscous because it is tangled up with water molecules ( solvates (-) charged 









         phosphate groups


Electrical Charge on DNA Molecules


(-) charge because of phosphate backbone


Balanced by (+) from histones or spermidine



DNA moves toward anode ((+) pole…anode b/c likes (-) charges

Electrophoresis


Good leisure reading



Can stain DNA using ETBr and it binds by intercalation


Other Forms



B-Form
Watson & Crick




Right handed



A-DNA



Very low water content




Right handed



ONLY exists in dsRNA & DNA/RNA hybrids



Z-DNA



LEFT-handed double helix



Syn-configuration


Single stranded DNA


Found in viruses



Doesn’t obey Chargoff’s Rule


Secondary Structure of RNA


Primarily single stranded


Hairpin loops


dsRNA is possible but it really is a single strand that loops back on itself


GC, GU, AU bonds

Stability of RNA & DNA



RNA is highly susceptible to acid/base because of OH groups


DNA (deoxy) does not have OH groups



Reason DNA carries genetic info and not RNA



RNAase on RNA
(
3’ phosphate



DNAase on DNA
(
5’ phosphate

DNA Packaging

PROKARYOTIC

General Info

Positive supercoil
(
twist to right (increasing coils)


Negative supercoil
(
twist to east (decreasing coils)


1 Supercoil per DNA twist


No supercoils

Relaxed form

Required energy to supercoil


Why supercoil?  


E=(# of spherical turns)^2


Hence, takes more energy to add additional turns

Only exists in dsDNA

Also possible in prokaryotes


Three reasons:
1. Makes it more compact (nice package)
2. Negative supercoiling increases strand separation for replication
3. Negative supercoils help unwind positive to make bubbles


Topoisomerase



Fxn:
Introduce or remove supercoils




Cleave 1 or both DNA molecules




Introduce/unwind




Reseal



Adding Coil
Use ATP


Relaxed form:  Less energy in supercoil form



Energy released form cleavage, will be stored by topoisomerase and use it to 


synthesize new bonds.



Type 1




Cause transient breaks in only strand of the helix




Changes # of supercoils 1 at a time



Removes negative supercoils (no ATP req’d)




Ex:  Omega Protein



Type 2



Transient breaks in BOTH DNA strands




Changes # of supercoils 2 at a time




ATP req’d




(uses the 1 negative to replace 1 positive mechanism)




Ex:  DNA Gyrase





Inhibited by novobiocin & oxylinic acid





This stops replication


EUKARYOTIC


DNA Packaging in Eukaryotes



Histones and Chromatin




Tightly binds DNA in all eukaryotes except sperm



Positive charge (important stupid detail)




Sperm uses protamines




DNA + Histones = Chromatin



Amino Acid sequence is conserved except for H1


Nucleosome




8 histones in core



H1: 





attaches outside of nucleosome




where DNA leaves and enters nucleosome





further condenses chromatin



Solenoid Model




6 Nucleosomes per turn of solenoid and looks like lamp brush (TQ!!)


Modification of Histones



Nothing highlighted
DNA Replication

PROKARYOTES



DNA Pol I




Found in prokaryotes



For DNA Synthesis



Energy from dNTP (where N = A,C,G,T,U)




Needs a primer to start




Needs a template (read 3’ to 5’)




Synthesis from 5’ to 3’




Other activities





DNA Polymerase Activity 




3’ to 5’ exonuclease activity






proofreading






removes nucleotides 1 at a time from 3’ end 







(ONLY IF base in not H-bonded to template)




5’ to 3’ exonuclease activity






Remove nucleotide from 5’ end of PRIMER






Substrate has to be base paired




Klenov fragment

1. DNA Pol I treated with papain

2. Big fragment has polymerase + 3’ to 5’ activity (Klenov)

3. Small fragment ONLY 5’ to 3’ exonuclease activity



Other DNA Pol’s



DNA Pol I




Function






Repair






Initial synthesis





Characterictics






Single Polypeptide






10 bases/second






low processivity (how long enzyme stays attached to chain)






falls off after 100-150 bases






deNovo synthesis




DNA Pol II





Characteristics






½ base per second




DNA Pol III





Characteristics






Multi Polypeptide






1000 bases/second






Very High Processivity






Makes most of the DNA in E.Coli




DNA Pol 2/3





NO 5’ to 3’ exonuclease activity (TQ!!)



Problems with DNA Synthesis




DNA Polymerase





Problem with unwinding





3’ end is cool, DNA polymerase can start to copy (= read)




5’ end ain’t cool, must wait for DNA to unwind to start synthesis





uses different primer each time





Copies discontinuously ( 
Okazaki fragments (be joined 








by DNA ligase)




Lagging v. Leading Strand




Lagging = discontinous strand




Leading = continuous strand (no Okazaki)





Two forks ( bubble


Helicases




Uses ATP



Rep protein




Attaches to leading strand




3’ to 5’ direction





Hydrolyzes ATP ( separates strand








Helicase II





Attaches to lagging strand




5’ to 3’ direction



Single Strand Binding Protein (SSBP)



Important that annealing doesn’t happen before it gets copied



SSBP attaches to single stranded DNA and protects from DNAases



Don’t interfere with copying because they get displaced by DNA Pol



Topoisomerases (DNA gyrase)



Relieves positive supercoils


Initiation of DNA replication



DNA Pol needs primer



RNA Pol NO primer needed




Initiate DNA synthesis with RNA primer


Initiation of DNA Replication in E.Coli



RNA Pol (Primase)




Synthesizes RNA Primer




Acts as primer for DNA Pol III





Acts with dnaB + dnaC + primase = primosome




dnaB is a helicase





dnaC is for support





dna (small letters mean protein)




Primers removed by 5’ to 3’ DNA exonuclease activity of DNA Pol I



So DNA Pol I also replaces blank spot with DNA



E.Coli has 1 ORI, so ONLY 1 replicon (where DNA is copied from ORI)



Start at ORI-C ( dnaA binds and opens DNA ( joined by primosome 




( synthesize 1st RNA primer ( Only dnaB/dnaC needed now




dnaA ONLY for initiation

DNA Replication


EUKARYOTES



Little is known



5 DNA Pols




Know Chart


Initiation of Replication




Multiple ORI sites


Problems




Histones





Removal occurs before replication fork





Original histones stay with LEADING strand





New histones made for LAGGING strand



Telomeres/Telomerases



Problems





DNA in euks in linear




Lose last RNA Primer ( cannot fill gap because no primer





Because of Gap, DNA gets shorter



Solution





Telomeres (multiple repeated sequence of same short DNA)






(in English-“crap” DNA so important stuff doesn’t go)






Adds to 3’ end by Telomerase (TQ!!!)





Telomerase






Reverse transcriptase (DNA Pol with uses RNA template)


Sanger’s Sequencing




Just know how to read (bottom up)

