
DNA replication:  synthesis and repair (Ch. 4 and 14) 

Double helix model of DNA 

James Watson Francis Crick 



• DNA (nucleic acid) is the genetic material (not, for example, protein) 

 

• DNA contains the genetic “blueprint” that directs the development of 

all your biochemical, anatomical, physiological and behavioural traits 

 

• You resemble your parents because of precise replication of DNA 

and transmission from one generation to the next 

 

 

• The molecular structure of DNA (Watson & Crick’s discovery) 

predicts how DNA replicates 

 

• Many proteins work together in DNA replication (e.g. primase, 

helicase, polymerase) 

 

• Specific details of replication process differ between the two DNA 

strands that replicate (“leading” versus “”lagging” strands) 

 

• DNA replication is not perfect: repair mechanisms and telomeres 

Key concepts – DNA structure and function 



DNA (Deoxyribonucleic acid) and RNA (Ribonucleic 

acid) are polymers of nucleotide monomers 

• nitrogenous (nitrogen-containing) bases: cytosine (C), uracil (U), 

thymine (T), guanine (G) + adenine (A) 

 

• DNA has deoxyribose sugar + either C, G, A or T base 

 

• RNA has ribose sugar + C, G, A BUT U instead of T 

Nuclelotides have 3 components 5 different nitrogenous bases 

Fig. 4.1 



Nucleotides polymerise to form nucleic acids 

Fig. 4.2 

Important: new nucleotides are only added at 3’ end 

RNA typically 

occurs as single-

stranded nucleic 

acid = polymer 

of nucleotides 

• Nucleotides polymerize via a condensation 

reaction forming phosphodiester link 

between 3’ carbon and 5’ carbon 

• Forms a sugar-phosphate “backbone” 

which is directional 5’ → 3’ 

Fig. 4.3 

3’ carbon 



DNA has a double-helix structure with two anti-

parallel nucleic acid strands (Fig. 14.4 and 4.6) 

• Antiparallel strands: one runs 5’ to 3’ and the other in the opposite 

direction 3’ to 5’ 

 

• Double helix is stabilised by hydrogen bonds between nucleotide bases 

 

• Complimentary base pairing: C + G, and A + T (see Fig. 4.6a) 





The basic model for DNA replication (see Fig. 4.9) 

Unwinding and separation (“unzipping”) of complimentary DNA strands 

forms two template strands; then addition of appropriate, complimentary 

nucleotides forms (2) new, identical copies 

 

Sequence of pairs of bases is duplicated exactly 

Watson & Crick (1953) “it has not escaped our notice that the specific pairing 

we have postulated immediately suggests a possible copying mechanism” 



How does DNA replication get started? 

• DNA strands start to separate at  replication “bubbles” which form at the 

origin of replication = stretches of DNA with specific nucleotide sequences 

• replication bubbles grow as replication proceeds because synthesis of 

new complimentary DNA strands is bidirectional 

• once a replication bubble opens a suite of enzymes initiates replication; 

this starts at the origin and moves towards replication fork 
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Leading strand – nucleotides 

added to 3’ end of complimentary 

strand = continuous 

Lagging strand – nucleotides added to 3’ end of complimentary strand in 

short segments away from replication fork = Okazaki fragments 

 

- this way nucleotides can be added at 3’ end and the short segments are 

then joined together to complete lagging strand = discontinuous 

3 

Antiparallel DNA 

Red = parental (template) strand 

Blue = new, complimentary strand Lagging strand 

(replication 

fork) 

X 

Why does DNA replication seem so complicated? The 

problem of the leading versus lagging template strand 



How is the double helix opened and stabilised? 

Fig. 14.18 

• A battery of enzymes and other proteins converge on the point where 

the double helix opens and stabilize the separating single DNA strands 

• Now the single template strands are ready to be copied 

DNA polymerase III is the enzyme that adds nucleotides at the 3’ end to 

the template strand 



Synthesis of the leading strand is straightforward 

after an RNA primer is in place – a summary (see Fig. 14.8) 

• Primase synthesises the initial 

nucleotide chain = an RNA primer 

• [nucleotides can only be added to 

an existing nucleotide chain] 

• Primer is 5-10 RNA nucleotides 

long, base-paired to template strand 

• New DNA strand starts at 3’ end of 

primer 

DNA polymerase III is moved along the DNA template strand by the 

associated “sliding clamp” protein 

- catalyses synthesis of DNA by adding nucleotides to pre-existing 

chain at 3’ end (in a 5’ to 3’ direction) at a rate of 50 per second 



The DNA synthesis reaction: incorporating a 

complimentary nucleotide into a growing DNA strand 

DNA polymerase catalyzes synthesis of new DNA strand by adding 

nucleotides to a pre-existing chain – why only at the 3’ end? 

• Nucleotides come from nucleoside triphosphates = base + sugar + 3 P 

• Triphosphates (like ATP) are chemically reactive 

• Loss of 2 P is energetically favourable (exergonic) and drives polymerisation 



Synthesis of the lagging strand during DNA replication 
Fig. 14.10 (see Table 14.1 for summary of proteins required for DNA synthesis) 

1. Primase forms RNA primer 

 

 

 

2. DNA pol III synthesises 1st 

Okazaki fragment in 5’ → 3’ 

durection (away from 

replication fork) 

 

 

3. Primase and DNA pol III 

synthesise 2nd Okazaki 

fragment (closer to 

replication fork) 

 

 

4. DNA pol I removes RNA 

primer and replaces with 

DNA nucleotides 

 

 

5. DNA ligase closes gaps in 

sugar-phosphate backbone 



Synthesis of the lagging strand during DNA 

replication 

DNA pol I 

Primase forms RNA primer 

 

DNA pol III adds nucleotides 

to form 1st Okazaki fragment 

away from replication fork 

Reaches 2nd RNA 

primer and DNA pol III 

detaches 

Repeats forming 2nd 

Okazaki fragment  

DNA ligase 

DNA pol I replaces RNA 

with DNA nucleotides 

 

DNA ligase forms bond 

between fragments to 

complete DNA strand 

(Replication 

fork) 



Repairing mistakes and damage in DNA synthesis 
(Fig. 14.14 and 14.16) 

Initial pairing errors during DNA replication occur 1:100,000, but 

permanent errors occur 1:10 billion = mutations 

DNA polymerase can 

proofread – correcting 

mistakes as it goes 

• Enzymes detect and 

cut DNA removing 

damaged section 

(nuclease enzymes) 

 

 

• DNA polymerase fills 

in the gap by adding in 

missing, complimentary 

nucleotides 

 

 

• DNA ligase seals the 

free ends of the new 

DNA to the old DNA 



DNA replication is not perfect: telomeres (see Fig. 14.12) 

Normal replication machinery provides no way to complete the 5’ end of 

lagging strands: genes near the end of DNA could be eroded away! 

Telomeres = repetitive, non-

coding nucleotide sequences at 

the ends of DNA which protect 

genes (“protective caps”) 

 

e.g. in human DNA the six-

nucleotide sequence TTAGGG is 

repeated 100-1000 times 



Humans >60 years old, with relatively 

short telomeres have higher mortality 

from heart and infectious disease 

Telomeres: ageing, lifespan, disease and cancer 

Telomere loss might protect organisms from excessive proliferation 

(cancer) by limiting number of cell divisions that cells can undergo 
 

Cancer cells express telomerase an enzyme which rebuilds telomeres; 

does this allow cancer cells to persist and divide repeatedly? Box 14.1 

Telomeres predict lifespan 


