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Topic 6a: DNA replication 
Define and use the terms: template, semiconservative, bidirectional, 
replication fork, leading strand, lagging strand, proofreading, 
homologous recombination 
Template - Two strands of DNA separate, each becoming a ______ for replication 

Semiconservative - Replication in which the two nucleotide strands of DNA 
separate, each serving as a template for the synthesis of a new strand. 

Bidirectional - Replication at both ends of a replication bubble. 

Replication fork - Point at which a double-stranded DNA molecule separates into 
two single strands that serve as templates for replication. 

Leading strand - DNA strand that is replicated continuously. 

Lagging strand - DNA strand that is replicated discontinuously. 

Proofreading - Ability of DNA polymerases to remove and replace incorrectly paired 
nucleotides during replication. 

Homologous recombination - Exchange of genetic information between 
homologous DNA molecules. 

 

Describe and understand the ‘Meselson and Stahl’ experiment in detail 
This experiment was used to support Watson and Cricks theory that DNA replicated 
through semiconservative replication. At the time, there were three theories: 

 

To prove that DNA used semiconservative replication, they:  

 Raised E. coli in a heavy isotope of nitrogen, 15N, for several generations, and 
took out their first sample.  

 They then incorporated the E. coli into a medium containing the regular 
nitrogen isotope, 14N. 

 They took samples 20 minutes apart (the generation time of E. coli). 
 All the samples were placed into a centrifuge in a caesium chloride (CsCl) 

solution, a similar density as DNA. This created an equilibrium density gradient. 
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These were the results: 

 

 The first round of replication ruled out conservative replication as there was 
only one band, if it was conservative there would be two bands. 

 The second round of replication ruled out dispersive replication as there was 
two bands, if it was dispersive there would only be one band, but each 
generation would be slightly higher in the test tube than the previous 
generation. 
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Describe the replication direction and 
the differences between the leading- 
and lagging strand synthesis. 
DNA Polymerase can only add nucleotides in 
the 5’3’ direction.  

Because the two strands of DNA are 
antiparallel one strand can elongate 
continuously along the leading strand, while 
the other going in the opposite direction can 
only lay down nucleotides discontinuously 
along the lagging strand.  

These discontinuous segments are known as 
Okizaki fragments.  
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Describe the basic apparatus for DNA replication in prokaryotic cells 
Initiation 
An initiator protein binds to the origin of 
replication (oriC) and causes a short 
section of DNA to unwind. 

The origin of replication is an area rich in 
A and T nucleotides, these nucleotides 
only have 2 H bonds compared to C 
and G which have 3. 

 

 

 

 

 

Unwinding 
DNA helicase binds to the lagging-strand template at each replication fork and 
moves in the 5’3’ direction along this strand, moving the replication fork. Helicase 
breaks the hydrogen bonds that exist between the bases of the two nucleotide 
strands of a DNA molecule.  

Single-strand-binding proteins (SSBs) attach tightly to the exposed single-stranded 
DNA. These proteins protect the single-stranded nucleotide chains and prevent the 
strands from snapping back together or formation of secondary structures such as 
hairpins 

DNA gyrase, a topoisomerase, reduces the torsional strain (torque) that builds up 
ahead of the replication fork because of unwinding by making a double-stranded 
break in one segment of the DNA helix, passing another segment of the helix 
through the break, and then resealing the broken ends of the DNA. 

 

  



9 
 

Elongation 
Primase synthesizes short stretches of RNA nucleotides which provide a 3’-OH group 
to which DNA polymerase can attach DNA nucleotides. 

DNA polymerase III is a large multiprotein complex that acts as the main workhorse 
of replication. It synthesises nucleotide strands by adding new nucleotides to the 3’ 
end of a growing DNA molecule. This enzyme has two enzymatic activities: 

 Its 5’3’ polymerase activity allows it to add new nucleotides in the 5’3’ 
direction.  

 Its 3’5’ exonuclease activity allows it to remove nucleotides in the 3’5’ 
direction, enabling it to correct errors. 

DNA polymerase I has:  

 5’3’ polymerase activity allows it to add new nucleotides in the 5’3’ 
direction.  

 3’5’ exonuclease activity allows it to remove nucleotides in the 3’5’ 
direction, enabling it to correct errors 

 5’3’ exonuclease activity, which is used to remove the primers laid down 
by primase and to replace them with DNA nucleotides by synthesizing in a 
5’3’ direction.  

DNA polymerase I has lower processivity than DNA polymerase III. 

DNA ligase joins Okazaki fragments by sealing breaks in the sugar–phosphate 
backbone of newly synthesized DNA 

 

Termination 
Tus binds to specific termination sequences which blocks the movement of helicase, 
thus stalling the replication fork and preventing further DNA replication. 

 

Understand the high fidelity of the replication system and understand in 
detail the function of basepairing in achieving this. 
Replication is extremely accurate, with less than one error per billion nucleotides. The 
high level of accuracy in DNA replication is produced by  

1. Nucleotide selection 
2. Proofreading  
3. Mismatch repair 
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Describe the replication model at the end of chromosomes using the 
terms telomere and telomerase 
In circular DNA, there’s no issue because as nucleotides are added to the exposed 
3’-OH and eventually they meet up with of the first laid nucleotide. 

 

 

In linear DNA, once the primer is removed there is a small gap which becomes 
exposed, in some cells, such as somatic cells, chromosomes shorten every time 
replication occurs. This happens in most somatic cells and is a normal sign of aging. 

 

Certain cells, such as germ cells and early embryonic cells are able to overcome this 
issue with telomerase. 

The telomeres are filled with a G rich overhang, this overhang can be extended by 
telomerase, a ribonucleoprotein (containing RNA and protein). Telomerase is 
complimentary to this G strand (contains C’s). This extends the chromosome 
temporarily and allows for further elongation. It continues to move down the 
chromosome so more nucleotides can be added. The complimentary strand can 
then be filled in. 
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