DNA Structure and Replication
Review these before coming to class.  We will start with DNA replication.

DNA structure: fig 11.5, 11.6, 11.7 

Double helix: antiparallel, complementary, dNMPs joined by phosphodiester linkage to adjacent dNMPs.  

Strands have a polarity: 5’ -> 3’ 

DNA sequence is written from 5’ -> 3’

Hydrogen bonds between complementary N-bases 

Genetic information is encoded by the base sequences  

For replication and transcription H-bonds between the bases are broken (assisted by specific DNA binding proteins) 

DNA forms: 


B form: Normal form present in cells 

 

 Right-handed helix


A form: Right-handed helix, more compact


Z form: Left-handed helix, zigzag shape because of 

 

 alternating purines and pyrimidines 

Other structures: 


Bent DNA


Inverted repeats 


Linear DNA with sticky ends

Topology: Relaxed

     Supercoiled

Topoisomerases


Type I - relaxes DNA (nicks one strand)


Type II – double stranded breaks to pass through DNA duplex.  

 

   Needs ATP e.g. DNA gyrase of E. coli
Organization of DNA

Prokaryotes: basic proteins, polyamines 


        supercoiled

Eukaryotes: histones, nucleosomes

DNA as genome


Viruses


Prokaryotes


Eukaryotes

DNA REPLICATION

Semiconservative: fig 11.11

Bidirectional: fig 11.12

Origin of replication


Unique site in prokaryotes - ori C in E. coli, handout


Multiple sites in eukaryotes fig. 11.14

Rules for polymerization of Nucleic acids (N.A): fig 11.15

a.  N.A. are produced by copying preexisting DNA strand (complementary base pairing)

b.  Growth is ONLY from 5’->3’.  Energy is provided by NTPs 

(ribo/deoxy ribonucleotidetriphosphates)

c.  Polymerases catalyze the reaction: RNA polymerase CAN INITIATE synthesis, whereas DNA polymerases CAN NOT!  DNA polymerases need a preexisting free 3’-OH group on a DNA/RNA primer to which an incoming nucleotide (nt) can be attached

d.  Duplex DNA synthesis requires a special growing fork that is asymmetric: leading, lagging strand

DNA Replication in E. coli
Figs 11.15, 11.16, 11.17, hand out

3 DNA polymerases: Need a primer with a free 3’-OH

DNA polymerase I (Pol I) Essential for removing and replacing RNA primers, has 5’->3’ polymerase activity, 3’->5’ proof reading exonuclease and 5’->3’ exonuclease activities

DNA polymerase II (Pol II) Not essential; involved in DNA repair, has 5’->3’ polymerase and 3’->5’ exonuclease

DNA polymerase III (Pol III) Essential, main replicative polymerase, Holoenzyme (catalytic “core” polypeptides with several accessory factors which increase the processivity).  Has 5’->3’ polymerase and 3’->5’ proof reading exonuclease activities.

The subunits of DNA polymerase from E. coli
 
Catalytically active core has (, ( and ( subunits


Holoenzyme in addition has (, (, (’, (, ( and other proteins


Subunit



Activity

(



Polymerization 

 
(



3’--->5’ exonuclease (proofreading)

 
(
 
(



( clamp required for processivity

 
( dimer



Holds the two core Pol III

 
( complex ((, (, (’ etc.)

Load the ( clamp

Initiation: oriC and DnaA, handout


    Dna B helicase

 
    DnaC 


    Primase

Elongation: handout

Leading strand synthesis-continuous 5’ -> 3’


Primase Single priming


Pol III


Helicase


Topoisomerase


SSB (single strand DNA binding proteins)

Lagging strand synthesis-discontinuous


Multiple priming & synthesis 5’ -> 3’ 


Primase-new primer every 1-2 kb


Pol III extends primers, making Okazaki fragments


Pol I replaces primer


Ligase joins Okazaki fragments- requires ATP or   

 
NAD

Termination and resolution of replicated daughter strands

 
Ter sites

 
Tus 

 
DNA gyrase

 
Type II topoisomerase (Topo IV)

Fidelity- accuracy of copying DNA


Overall error rate of 1 in 10 10 bp


Base pairing (H bond) 10 -3 - 10 -4

Geometric fit of base pairs 10 -2

Proof reading 10 -2-10 -3
Mismatch repair (after replication) 10 -2, Hemimethylated DNA- only one strand (template) is methylated

Replication of linear DNA molecules: handout


Role of telomerases

Rolling circle pattern of replication: fig 11.13

Inhibitors of DNA replication:


Trimethoprim: Dihydrofolate reductase


Hydroxyurea: Ribonucleotide reductase


5-Fluorodeoxy Uridine: Thymidylate synthase


Nalidixic acid & Novobiocin: DNA gyrase


Mitomycin C: Cross-links DNA

Download the handouts from class web site.

FLOW OF GENETIC INFORMATION*




(Please review these.  If you have questions, see me)

Terms to learn:

Strain / clone

Genome

Haploid

Diploid

Genotype

Phenotype

DNA as genetic material

Griffith’s experiment: fig 11.1 Transformation of avirulent (rough) Streptococcus pneumoniae to the virulent (smooth) form

Avery et al’s expt.: fig 11.2  DNA as transforming agent

Hershey and Chase’s expt.: fig 11.3 Labeling phage T2 with 

32 P or 35 S.  DNA as genetic material in T2

Watson and Crick: fig 11.7, DNA double helix

All cellular organisms contain DNA as genetic material


Prokaryotes: single, circular DNA 


Eukaryotes: two or more, linear DNA 

Central Dogma:

DNA ---( RNA ---( Protein

Replication of DNA

Transcription

Translation

DNA as genome


Viruses


Prokaryotes


Eukaryotes

Exception: Viruses with RNA as genome.  Reverse transcription of RNA to DNA.  Information still goes from nucleic acids to protein and not vice versa.

One gene-one polypeptide:

Linear relationship between the nucleotide sequence in the DNA, RNA and the primary structure of a polypeptide (sequence of amino acids)

Interesting Journal Articles on the class web site:

DNA Replication 

DNA replication and recombination Alberts B (2003) Nature vol 421 pp 431-435 
Chromosomal replicases as asymmetric dimers: studies of        subunit arrangement and functional consequences - McHenry, CS 
(2003) Molecular Microbiology vol 49(5) pp 1157-1165 
DNA Replication: Bringing the Mountain to Mohammed 
(20 Nov 1998) Science vol 282 pp 1430 
Localization of Bacterial DNA Polymerase: Evidence for a Factory        Model of Replication (20 Nov 1998) Science vol 282 pp 1516 
Bacterial chromosome segregation - Lewis, PJ 
(2001) Microbiology vol 147 pp 519-526
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