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Chapter 6
DNA Replication

Each strand of the DNA double helix contains a sequence of nucleotides that is exactly 
complementary to the nucleotide sequence of its partner strand. Each strand can 
therefore act as a template for the synthesis of a new complementary strand.

DNA acts as a template for its own duplication
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DNA Synthesis Begins at Replication Origins

The process of DNA replication is begun by initiator proteins that bind to the DNA 
and pry the two strands apart, breaking the hydrogen bonds between the bases. 
The positions at which the DNA is first opened are called replication origin.  They 
usually marked by a particular sequence of nucleotides.  

New DNA Synthesis Occurs at Replication Forks

During the DNA replication it is possible to see Y-shaped junctions in the DNA, 
called REPLICATION FORKS. At these forks, the replication machine is moving 
along the DNA, opening up the two strands of double helix and using each strand 
as a template to make new daughter strand. Two replication forks are formed 
starting from each replication origin, and they move away from the origin in both 
directions, unzipping DNA as they go.   
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Elongation a New DNA Strand

Elongation of new DNA at replication fork is catalyzed by enzymes called DNA 
polymerase. As nucleotides align with complementary bases along “old” template 
strand of DNA, they are added by polymerase, one by one, to the growing end of the 
new DNA strand. The rate of elongation is about 500 nucleotides per second in bacteria 
and 50 per second in human cells. As each monomer joins the growing end of DNA 
strand, it losses two phosphate groups. Hydrolysis of phosphate is the exergonic
reaction that drives polymerization of nucleotides to from DNA

The Replication Fork Is Asymmetrical

The 5’-to-3’ direction of the DNA polymerization mechanism poses a problem at 
replication fork One new DNA is being made on a template that runs in one direction 
(3’to 5’), whereas the other new strand is being made on a template that runs in the 
opposite direction (5’ to 3’).
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DNA polymerase, however, can catalyze the growth of the DNA chain in only one 
direction: it can add subunits only to the 3’end of the chain. As a result, a new DNA 
chain can be synthesized only in 5’ to 3’ direction. The DNA strand whose 5’ end must 
grow is made DISCONTINUOUSLY, in successive separate small pieces.  These small 
pieces are called Okazaki fragments. The DNA strand that is synthesized 
discontinuously in this way is called Lagging strand; the strand that is synthesized 
continuously is called lagging strand. 

Priming
There is another important restriction for DNA polymerase.  It can only add a 
nucleotide to a polynucleotide that is already correctly paired with the complementary 
strand. This means that DNA polymerase cannot actually initiate synthesis of a DNA 
strand by joining the first nucleotides.  Nucleotides must be added to the end of an 
already existing chain, called primer.  The primer is not a DNA, but short stretch of RNA. 
Still another enzyme, primase, makes the primer.  
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Other Proteins Assisting DNA Replication
You have learnt about three enzymes that function in DNA synthesis: DNA 
polymerase, ligase, and primase.  Many other proteins also participate, and here we 
examine two of them: helicase and single-strand binding proteins.  Helicase is an 
enzyme that works at crotch of the replication fork, untwisting that double helix and 
separating the two old strands.  Single strand binding protein then attach in chains 
along unpaired DNA strands, holding these templates straight until new strand can 
be synthesized. 

Watson and Crick’s model predicts that when a double helix reproduces, each of the 
two daughter molecules will have one old strand derived from the parent molecule and 
one newly made strand. This semiconservative model can be distinguished from a 
conservative model of replication, in which the parent molecule remains intact and 
new molecule is formed entirely from scratch. 
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During DNA synthesis, DNA polymerase proofreads its own work.

If an incorrect nucleotide is added to a growing strand, the DNA polymerase will 
cleave it from the strand and replace it with the correct nucleotide before continuing. 

DNA REPAIR

To survive and reproduce, individuals must be genetically stable. This stability is 
achieved not only through the extremely accurate mechanisms for replicating the DNA 
but also through the mechanisms for correcting rare copying mistakes made by 
replication machinery and for repairing the accidental damage that continually occurs 
to the DNA. 

Mutations Can Have Severe Consequences for an Organism
Only rarely do the cell’s DNA replication and repair processes fail and allow a 
permanent change in DNA.  Such a permanent change is called a mutation.  It can 
have profound consequences.  A mutation affecting just a single nucleotide pair can 
severely compromise an organism’s fitness if the change occurs in vital position in 
the DNA sequence.  Because the structure and the activity of each protein depend on 
its amino acid composition, a protein with altered sequence may function poorly or not 
at all.  
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A DNA Mismatch Repair System Removes Replication Errors That Escape the 
Replication Machine

Despite self-correcting activity of replication machinery, errors occur during the 
replication.  Fortunately, the cell has backup system-called DNA mismatch repair-which 

is dedicated to correcting these rare mistakes.  The replication machine itself makes 
approximately one error per 109 nucleotides copied; DNA mismatch repair corrects 99% 

of these errors. 
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Error Rates

1 mistake per 109 nucleotides 
copied

DNA replication (including mismatch repair)

1 mistake per 107 nucleotides 
copied

DNA replication (without mismatch repair)
1 death per 104 people per yearDriving a car in the United States
1 mistake per 250 charactersA professional typist typing at 120 words per minute
1 lost bag per 200Airline luggage system

13 late deliveries per 100 
parcels

U.S. Postal Service on-time delivery of local first-class 
mail

DNA Is Continually Suffering Damage in Cells
There are other ways in which the DNA can be damaged, and these require other 
mechanisms for their repair.
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The Stability of Genes Depends on DNA Repair

The thousands of random chemical changes that occur everyday in the DNA of human
cell, through metabolic accidents or exposure to DNA damaging chemicals, are 

repaired by a variety of mechanisms, each catalyzed by a different set of enzymes. 
Nearly all these mechanisms depend on the existence of two copies of the genetic 
information, one each strand of the DNA double helix: If the sequence in one strand 
Is accidentally damaged, information is not lost irretrievably, because a backup 
version of altered strands remains in the complementary sequence of nucleotides 
in the other strands. 

DNA Recombination 

In a population, genetic variation is important to allow organisms to evolve in 
response to changing environment.  These DNA rearrangements are cause by a class
Of mechanisms called genetic recombination. 

Homologous Recombination Results in an Exact Exchange of Genetic İnfo.
Of all the recombination mechanisms that exist, the most fundamental is 
homologous recombination.
Homologous recombination takes place between DNA molecules with 
similar nucleotide sequence
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Homologous recombination many advantages to cells and organisms

•The process allows an organisms to repair DNA that is damaged on both strands
•It can fix other genetic accidents that occurs during the meiosis 
•Allows the genetic info exchange between two chromosomes.

Site specific recombination allows DNA exchanges to occur between double 
helices that are dissimilar in nucleotide sequence.  Although site-specific 
recombination performs variety of tasks in the cell, perhaps is most important 
prevalent functions is to shuffle bits of DNA called mobile genetic elements. 

Recombination Can Also Occur Between Nonhomologous DNA 
Sequences
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Bacterial transposons moves by two mechanisms
A Large Fraction of the Human Genome Is Composed of Two Families

of Transposable Elements

1. Some vertebrate mobile elements have moved from place to place 
within their host  chromosome using the copy and paste mechanism.

2. Many others have moved not as DNA but via an RNA intermediate. 
These are called  retrotransposons


