Molecular Biology
Lecture 4

DNA REPLICATION

DNA replication refers to the process of copying each DNA strand into a new
complementary strand. This occurs at every cell division and ensures that genetic
information is transmitted to both daughter cells.This biological process occurs in all
living organisms and is the basis for biological inheritance. DNA is made up of two
strands and each strand of the original DNA molecule serves as template for the
production of the complementary strand, a process referred to as semiconservative
replication. Cellular proofreading and error-checking mechanisms ensure near perfect
fidelity for DNA replication.

In a cell, DNA replication begins at specific locations, or origins of replication, in the
genome. Unwinding of DNA at the origin and synthesis of new strands results in
replication forks growing bidirectional from the origin. A number of proteins are
associated with the replication fork which helps in terms of the initiation and
continuation of DNA synthesis. Most prominently, DNA polymerase synthesizes the
new DNA by adding complementary nucleotides to the template strand.

DNA polymerase

DNA polymerases are a family of enzymes that carry out all forms of DNA
replication. DNA polymerases in general cannot initiate synthesis of new strands, but
can only extend an existing DNA or RNA strand paired with a template strand. To
begin synthesis, a short fragment of RNA, called a primer, must be created and paired
with the template DNA strand.

DNA polymerase synthesizes a new strand of DNA by extending the 3' end of an
existing nucleotide chain, adding new nucleotides matched to the template strand one
at a time via the creation of phosphodiester bonds.

In general, DNA polymerases are highly accurate, with an intrinsic error rate of less
than one mistake for every 10" nucleotides added. In addition, some DNA
polymerases also have proofreading ability; they can remove nucleotides from the end
of a growing strand in order to correct mismatched bases. Finally, post-replication
mismatch repair mechanisms monitor the DNA for errors, being capable of
distinguishing mismatches in the newly synthesized DNA strand from the original
strand sequence. Together, these three discrimination steps enable replication fidelity
of less than one mistake for every 10° nucleotides added.


http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Primer_(molecular_biology)
http://en.wikipedia.org/wiki/Nucleotide
http://en.wikipedia.org/wiki/Phosphodiester_bond
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DNA polymerases adds nucleotides to the 3' end of a strand of DNA.E! If a mismatch
is accidentally incorporated, the polymerase is inhibited from further extension.
Proofreading removes the mismatched nucleotide and extension continues.

Replication process

DNA Replication, like all biological polymerization processes, proceeds in three
enzymatically catalyzed and coordinated steps: initiation, elongation and termination.

Initiation

For a cell to divide, it must first replicate its DNA. This process is initiated at
particular points in the DNA, known as "origins”, which are targeted by initiator
proteins. Sequences used by initiator proteins tend to be "AT-rich” (rich in adenine
and thymine bases), because A-T base pairs have two hydrogen bonds (rather than the
three formed in a C-G pair) which are easier to unzip. Once the origin has been
located, these initiators recruit other proteins and form the pre-replication complex,
which unzips the double-stranded DNA.


http://en.wikipedia.org/wiki/DNA_replication#cite_note-5
http://en.wikipedia.org/wiki/Cell_division
http://en.wikipedia.org/wiki/Origin_of_replication
http://en.wikipedia.org/w/index.php?title=Initiator_protein&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Initiator_protein&action=edit&redlink=1
http://en.wikipedia.org/wiki/Pre-replication_complex
http://en.wikipedia.org/wiki/File:DNA_polymerase.svg

Elongation

DNA polymerase has 5'-3" activity. All known DNA replication systems require a free
3" hydroxyl group before synthesis can be initiated (Important note: DNA is read in 3'
to 5' direction whereas a new strand is synthesized in the 5' to 3' direction—this is
often confused).

The first is the best known of these mechanisms and is used by the cellular organisms.
In this mechanism, once the two strands are separated, primase adds RNA primers to
the template strands. The leading strand receives one RNA primer while the lagging
strand receives several. The leading strand is continuously extended from the primer
by a high processivity, replicative DNA polymerase, while the lagging strand is
extended discontinuously from each primer, forming Okazaki fragments. RNase
removes the primer RNA fragments, and a low processivity DNA polymerase distinct
from the replicative polymerase enters to fill the gaps. When this is complete, a single
nick on the leading strand and several nicks on the lagging strand can be found.
Ligase works to fill these nicks in, thus completing the newly replicated DNA
molecule.

As DNA synthesis continues, the original DNA strands continue to unwind on each
side of the bubble, forming a replication fork with two prongs. In bacteria, which have
a single origin of replication on their circular chromosome, this process creates a
"theta structure" (resembling the Greek letter theta: 0). In contrast, eukaryotes have
longer linear chromosomes and initiate replication at multiple origins within these.

Replication fork
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Scheme of the replication fork.
a: template, b: leading strand, c: lagging strand, d: replication fork, e: primer, f:
Okazaki fragments


http://en.wikipedia.org/wiki/Hydroxyl
http://en.wikipedia.org/wiki/Primase
http://en.wikipedia.org/wiki/Processivity
http://en.wikipedia.org/wiki/RNase
http://en.wikipedia.org/wiki/Ligase
http://en.wikipedia.org/wiki/Replication_fork
http://en.wikipedia.org/wiki/Theta_structure
http://en.wikipedia.org/wiki/File:Replication_fork.svg
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Many enzymes are involved in the DNA replication fork.

The replication fork is a structure that forms within the nucleus during DNA
replication. It is created by helicases, which break the hydrogen bonds holding the
two DNA strands together. The resulting structure has two branching "prongs"”, each
one made up of a single strand of DNA. These two strands serve as the template for
the leading and lagging strands, which will be created as DNA polymerase matches



complementary nucleotides to the templates; the templates may be properly referred
to as the leading strand template and the lagging strand template.

DNA is always synthesized in the 5' to 3" direction. Since the leading and lagging
strand templates are oriented in opposite directions at the replication fork, a major
issue is how to achieve synthesis of nascent (new) lagging strand DNA, whose
direction of synthesis is opposite to the direction of the growing replication fork.

Leading strand

The leading strand is the strand of nascent DNA which is being synthesized in the
same direction as the growing replication fork. A polymerase "reads"” the leading
strand template and adds complementary nucleotides to the nascent leading strand on
a continuous basis.

Lagging strand

The lagging strand is the strand of nascent DNA whose direction of synthesis is
opposite to the direction of the growing replication fork. Because of its orientation,
replication of the lagging strand is more complicated than that of the leading strand.

The lagging strand is synthesized in short, separated segments. On the lagging strand
template, a primase "reads" the template DNA and initiates synthesis of a short
complementary RNA primer. A DNA polymerase extends the primed segments,
forming Okazaki fragments. The RNA primers are then removed and replaced with
DNA, and the fragments of DNA are joined together by DNA ligase.

Replication machinery

Replication machineries mean complexes consisting of factors involved in DNA
replication and appearing on template ssDNAs. Replication machineries include
primosomes also. The factors are replication enzymes; DNA polymerase, DNA
helicases, DNA clamps and DNA topoisomerases, and replication proteins; e.g.
single-stranded DNA binding proteins (SSB). In the replication machineries these
components coordinate. In most of the bacteria, all of the factors involved in DNA
replication are located on replication forks and the complexes stay on the forks during
DNA replication. This replication machineries are called replisomes or DNA
replicase systems, these terms mean originally a generic term for proteins located on
replication forks.

Termination

Eukaryotes initiate DNA replication at multiple points in the chromosome, so
replication forks meet and terminate at many points in the chromosome; these are not
known to be regulated in any particular way. Because eukaryotes have linear
chromosomes, DNA replication is unable to reach the very end of the chromosomes,
but ends at the telomere region of repetitive DNA close to the end.


http://en.wikipedia.org/wiki/Nucleotides
http://en.wikipedia.org/wiki/Primase
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Okazaki_fragment
http://en.wikipedia.org/wiki/DNA_ligase
http://en.wikipedia.org/wiki/Telomere

Termination requires that the progress of the DNA replication fork must stop or be
blocked. Termination at a specific locus, when it occurs, involves the interaction
between two components: (1) a termination site sequence in the DNA, and (2) a
protein which binds to this sequence to physically stop DNA replication. In various
bacterial species, this is named the DNA replication terminus site-binding protein, or
Ter protein.

Because bacteria have circular chromosomes, termination of replication occurs when
the two replication forks meet each other on the opposite end of the parental
chromosome.
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