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DNA damage and repair (Part 2)
B) Excision of DNA damage

Although direct repair is an efficient way of dealing with particular types of
DNA damage, excision repair is a more general means of repairing a wide variety
of chemical alterations to DNA. Consequently, the various types of excision repair
are the most important DNA repair mechanisms in both prokaryotic and eukaryotic
cells In excision repair, the damaged DNA is recognized and removed, either as
free bases or as nucleotides. The resulting gap is then filled in by synthesis of a
new DNA strand, using the undamaged complementary strand as a template. Three
types of excision repair—base-excision repair , nucleotide excision repair, and

mismatch repair cells to cope with a variety of different kinds of DNA damage.

Base-excision repair

The repair of uracil is a good example of base-excision repair , in which single
damaged bases are recognized and removed from the DNA molecule .Uracil can
arise in DNA by two mechanisms: (1) Uracil (as dUTP [deoxyuridine
triphosphate]) is occasionally incorporated in place of thymine during DNA

synthesis, and (2) uracil can be formed in DNA by the deamination of cytosine.

The second mechanism is of much greater biological significance because it
alters the normal pattern of complementary base pairing and thus represents a
mutagenic event. The excision of uracil in DNA is catalyzed by DNA glycosylase
an enzyme that cleaves the bond linking the base (uracil) to the deoxyribose of the
DNA backbone.
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This reaction yields free uracil and an apyrimidinic site—a sugar with no

base attached. DNA glycosylases also recognize and remove other abnormal bases,

including hypoxanthine formed by the deamination of adenine pyrimidine dimers,

alkylated purines other than O6-alkylguanine, and bases damaged by oxidation or

ionizing radiation.
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Deamination converts a
cytosine base into a uracil.

The uracil is detected and
removed, leaving a base-less
nucleotide.

The base-less nucleotide is
removed, leaving a small hole
in the DNA backbone.

The hole is filled with the right
base by a DNA polymerase, and
the gap is sealed by a ligase.

Figure 3: Base-excision repair
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Nucleotide excision repair

Whereas DNA glycosylases recognize only specific forms of damaged bases, other
excision repair systems recognize a wide variety of damaged bases that distort the
DNA molecule, including UV-induced pyrimidine dimers and bulky groups added
to DNA bases as a result of the reaction of many carcinogens with DNA. This
widespread form of DNA repair is known as nucleotide -excision repair, because
the damaged bases (e.g., a thymine dimer) are removed as part of an

oligonucleotide containing the lesion .
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Figure 4: Nucleotide-excision repair of thymine dimers




Mismatch repair

A third excision repair system recognizes mismatched bases that are
incorporated during DNA replication. Many such mismatched bases are removed
by the proofreading activity of DNA polymerase .The ones that are missed are
subject to later correction by the mismatch repair system, which scans newly
replicated DNA. If a mismatch is found, the enzymes of this repair system are able
to identify and excise the mismatched base specifically from the newly replicated

DNA strand, allowing the error to be corrected and the original sequence restored.
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Polymerase adds an
incorrect nucleotide 1o the
new strand of DNA.

Polymerase detects
that bases are mispaired.

Polymerase uses 3 = 5’
exonuclease activity to
remove Incorrect nucleotide

Figure 5 proofreading activity of DNA polymerase
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In E. coli, the ability of the mismatch repair system to distinguish between
parental DNA and newly synthesized DNA is based on the fact that DNA of this
bacterium is modified by the methylation of adenine residues within the sequence
GATC to form 6-methyladenine . Since methylation occurs after replication, newly
synthesized DNA strands are not methylated and thus can be specifically
recognized by the mismatch repair enzymes. Mismatch repair is initiated by the
protein MutS, which recognizes the mismatch and forms a complex with two other
proteins called MutL and MutH. The MutH endonuclease then cleaves the un
methylated DNA strand at a GATC sequence. MutL and MutS then act together
with an exonuclease and a helicase to excise the DNA between the strand break

and the mismatch, with the resulting gap being filled by DNA polymerase and

ligase.
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Figure 6: Mismatch repair in E.coli
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Mismatch repair in mammalian cells is similar to E. coli, except that the newly
replicated strand is distinguished from the parental strand because it contains
strand breaks. MutS and MutL bind to the mismatched base and direct excision of

the DNA between the strand break and the mismatch
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Figure7: Mismatch repair in mammalian cells
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