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British UnderstatementBritish Understatement



The DNA double helix is anti-parallel



It can be opened up to create 
l  f  templates for copying

• Single stranded 
DNA can serve as a DNA can serve as a 
template for high-
fidelity replication.y p

• Also as a template 
for making mRNA g
(transcription).



Cell division would go nowhere 
ith t DNA li tiwithout DNA replication



How does DNA replicate?How does DNA replicate?



Meselson and Stahl, 1957

Growth medium 
contains 15N

E. coli

What kinds of molecules will 15N end up in?
-Lipids?-Lipids?
-Carbohydrates/polysaccharides?
-DNA? 
-Proteins?



In a cesium chloride 
density gradient, 
heavy stuff is 
centrifuged to the 
bottom and lighter 
stuff will be higher stuff will be higher 
in tube.



After one round of DNA replication, where will you see 
bands of DNA if the conservative model is correct?  

Semiconservative? Discontinuous?



Cell division would go nowhere 
ith t DNA li tiwithout DNA replication

One replicated chromosome 
(consisting of two sister 
chromatids)

One (unreplicated) chromosome

5’-AAAGGCTGATCA-3’
’ ’

3’-TTTCCGACTAGT-5’
5’-AAAGGCTGATCA-3’

S phase
3’-TTTCCGACTAGT-5’

’ ’

5’-AAAGGCTGATCA-3’

3 -TTTCCGACTAGT-5

Mitosis, meiosis I



Prokaryotic origins of replication: y g p
single replication origin

2000 nt/min



Eukaryotic origins of replication: y g p
multiple points along a chromosome where replication begins

100 nt/min



What do you need for DNA replication? 
(Let’s look at replication in Let’s look at replication in E coliE coli)(Let s look at replication in Let s look at replication in E.coliE.coli)

• Template
• Enzymesy
• Primer
• dNTP’s 

(d=dexyribose, N= 
base A,T,G,C)

• Energy



Enzymes for DNA replication: 
H lHelicases

Enzymes that unwind 
the DNA double 
helix for DNA 
replication proteins

Bind to specific DNA 
sequences.



Proteins for DNA replication: 
l d d b d  Single-stranded binding proteins

Proteins that Proteins that 
stabilize the 
unwound single g
stranded DNA



Enzymes for DNA replication: 
PPrimase

• Provides a short, Provides a short, 
complementary strand of 
RNA that is required for 
DNA synthesis from a y
naked DNA template.

• There is no known DNA here s no known DNA 
polymerase that can 
initiate synthesis of a 
DNA strand – they can y
only add nucleotides to a 
pre-existing strand. 



Enzymes for DNA replication: 
DN  l  DNA polymerase III

• DNA polymerase III
The enzyme that adds • The enzyme that adds 
complementary 
nucleotides to the nucleotides to the 
backbone, based on 
the sequence of the q
single stranded 
template.

• Can only work 5’ to 3’.



Enzymes for DNA replication: 
DN  l  DNA polymerase III

Di ti lit  f th i  • Directionality of synthesis 
due to polarity of bond: 
incoming dNTP needs 3’OH g
to react with high energy 
phosphate bond.

• The nucleotides are added 
to the growing new strand g g
at the 3’ end at the 3’ end – where the 
DNA strand has a free 
hydroxyl grouphydroxyl group.
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Enzymes for DNA replication: 
DN  l  DNA polymerase III

• Directionality of 
synthesis due to synthesis due to 
polarity of bond: 
incoming dNTP needs incoming dNTP needs 
3’OH to react with 
high energy 

Energy for reaction 
carried on 5’ 

g gy
phosphate bond.

triphosphate of 
incoming free 
nucleotide
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Houston, we have a problem…, p



Houston, we have a problem…, p

• How do we synthesize DNA 
This can’t happen…why?

• How do we synthesize DNA 
on both strands 
simultaneously? 

• Recall that the DNA double 
helix is antiparallel.

• One strand is OK – can go 5’-
3’. But what about the other 
str nd? S nth sis c nn t b  strand? Synthesis cannot be 
done  in the 3’-5’ direction.



Solution: Okazaki fragments
Primase makes RNA primers for Okazaki fragments on lagging 
strand, and a single RNA primer on the leading strand.

DNA synthesis is continuous 
on the leading strand, but 
discontinuous on the lagging gg g
strand



Helicase
SSBs





The most important DNA replication slide!!!!!The most important DNA replication slide!!!!!p pp p

NET direction of NET direction of NET direction of NET direction of NET direction of NET direction of 
DNA synthesisDNA synthesis

NET direction of NET direction of 
DNA synthesisDNA synthesis



The most important DNA replication slide!!!!!The most important DNA replication slide!!!!!p pp p

NET direction of NET direction of NET direction of NET direction of NET direction of NET direction of 
DNA synthesisDNA synthesis

NET direction of NET direction of 
DNA synthesisDNA synthesis



News Flash: The DNA replication complex is in a fixed location and DNA is 
threaded through it for replication.

• Old idea was via moving replication forks.



OK -- all this was worked out in 
b i  Wh  b  US???bacteria. What about US???

B i  d (d i  f DNA  i• Basics conserved (denaturation of DNA, semi-
conservative replication, 5’-3’ directionality, 
leading and lagging strands etc.)

• But eukaryotes have A LOT of DNA 
polymerases (named with Greek letters).

• And eukaryotic chromosomes are linear, so 
there is a problem at the telomeres (think 
b t it  d  Fi  6 18)about it… and see Fig. 6-18)

• Also, replication has to take place through the , p p g
occluding effects of chromatin.



How fast is this? 
H   i  b  ???How can it be accurate???

In bacteria, replication proceeds as fast as 2000 base pairs per 
minute. (Wow).  How can this be accurate??? But it is...

There is about about one error in 106 nucleotides bases added in 
DNA replication, repaired by: proofreading, mismatch repair, and 
excision repair.p

DNA repair mechanisms lower the error
9rate to about one base in 109.



ProofProof--reading reading by the DNA 
l  d i  h ipolymerase during synthesis

• The polymerase edits the DNA 
sequence by removing mispaired q y g p
nucleotides that have been incorrectly 
inserted during the polymerization g p y
process.

• DNA polymerase has a 3’-5’ DNA polymerase has a 3 5  
exonuclease function that acts as a 
proof-reader!proof reader!



ProofProof--readingreading by the DNA 
lpolymerase

DNA polymerase has a 
3’-5’ exonuclease 
activityactivity



ProofProof--readingreading by the DNA 
lpolymerase



PostPost--synthesis repair synthesis repair 
hhmechanismsmechanisms

• Correction of errors that 
remain after proofreading.

• A variety of mechanismsA variety of mechanisms.
•• Detection of a mismatched Detection of a mismatched 

base pair, removal of the base pair, removal of the 
mismatched nucleotide, and mismatched nucleotide, and mismatched nucleotide, and mismatched nucleotide, and 
replacement with the correct replacement with the correct 
nucleotide.nucleotide.

• Interesting question: how g q
does the enzymatic 
machinery that does this 
know which of the two 

i t h d b  t  i ?mismatched bases to repair?





Final error rate?Final error rate?
• Net (final) error rate after post-synthesis Net (final) error rate after post synthesis 

correction is estimated to be about 1 in 109 to 1 
in 1010. (One mistake per one billion to ten 
billi  l tid  li t d)billion nucleotides replicated).

• It appears that the error rate in E.coli is about 
the same as in humans (despite the VERY large the same as in humans (despite the VERY large 
difference in genome size).

• Maybe this is as good as it gets, biochemically.Maybe th s s as good as t gets, b ochem cally.
• NOTE: error rates in replication of viral 

genomes is much higher (missing error 
correction capabilities). 



Consequences of errors in replicationConsequences of errors in replication


