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INTRODUCTION





 Ultraviolet radiation induces deleterious effects in all living
organisms ranging from prokaryotic bacteria to eukaryotic
lower and higher plants, animals and humans.

 While UV-C (<280 nm) radiation is ecologically not relevant
since it is quantitatively absorbed by oxygen and ozone in the
Earth’s atmosphere, the longer wavelength UV-B (280–315
nm) and UV-A (315–400 nm) radiation can have significant
effects on the biota, even though the majority of the
extraterrestrial UV-B is absorbed by stratospheric ozone.

 The adverse effects of solar radiation on living systems are
mostly attributed to the small amount of UV-B that is
absorbed by cellular DNA.

 UVA wavelengths are less efficient in inducing DNA damage
because they are not absorbed by native DNA but they can
still produce secondary photoreactions of existing DNA
photoproducts or damage DNA via indirect photosensitizing
reactions.



 Some of the biological effects of solar UV radiation include
reduction in growth and survival, protein destruction,
pigment bleaching and photoinhibition of photosynthesis
in several organisms.

 Photodynamic reactions are potential mechanisms by
which ultraviolet radiation damages living cells.

 The high energy short-wavelength photons absorbed by
chromophoric molecules can lead to the formation of
singlet oxygen or free radicals known to destroy
membranes and other cellular components.

 DNA is obviously one of the key targets for UV-induced
damage in a variety of organisms such as bacteria,
cyanobacteria, phytoplankton, macroalgae, plants, animals
and humans.

 All biological cells are rich in UV-absorbing agents such as
nucleic acids and proteins.



 A number of organisms produce additional UV-
absorbing pigments such as scytonemin (exclusively in
some cyanobacteria) mycosporine-like amino acids
(MAAs; in many cyanobacteria, phytoplankton and
macroalgae), parietin (in some lichens), flavanoids (in
higher plants) and melanin (in animals and humans);
however, they cannot completely avoid UV radiation
from reaching DNA in superficial tissue

 DNA damage has both cytotoxic and genotoxic effects.
Radiation damage to DNA is potentially dangerous to
cells, since a single photon hit may have a carcinogenic
or even lethal effect.



 The vast majority of DNA damage affects the primary
structure of the double helix; that is, the bases
themselves are chemically modified.

 These modifications can in turn disrupt the molecules'
regular helical structure by introducing non-native
chemical bonds or bulky adducts that do not fit in the
standard double helix.

 Unlike proteins and RNA, DNA usually lacks tertiary
structure and therefore damage or disturbance does
not occur at that level. DNA is, however, supercoiled
and wound around "packaging" proteins called
histones (in eukaryotes), and both superstructures are
vulnerable to the effects of DNA damage.



Sources of DNA damage

 DNA damage can be subdivided into two main types:

1) endogenous damage such as attack by reactive oxygen
species produced from normal metabolic byproducts
(spontaneous mutation), especially the process of
oxidative deamination. It also includes replication errors

2) exogenous damage caused by external agents such as 

 ultraviolet [UV 200-300 nm] radiation from the sun

 other radiation frequencies, including x-rays and gamma rays

 hydrolysis or thermal disruption

 certain plant toxins

 human-made mutagenic chemicals, especially aromatic compounds 
that act as DNA intercalating agents

 cancer chemotherapy and radiotherapy

 viruses 



 The replication of damaged DNA before cell division can lead to the
incorporation of wrong bases opposite damaged ones. Daughter cells
that inherit these wrong bases carry mutations from which the
original DNA sequence is unrecoverable (except in the rare case of a
back mutation, for example, through gene conversion).

Types of DNA damage
There are five main types of damage to DNA due to endogenous
cellular processes
 oxidation of bases [e.g. 8-oxo-7,8-dihydroguanine (8-oxoG)] and

generation of DNA strand interruptions from reactive oxygen species,

 alkylation of bases (usually methylation), such as formation of 7-
methylguanine, 1-methyladenine, 6-O-Methylguanine

 hydrolysis of bases, such as deamination, depurination, and
depyrimidination.

 "bulky adduct formation" (i.e., benzo[a]pyrene diol epoxide-dG adduct)

 mismatch of bases, due to errors in DNA replication, in which the
wrong DNA base is stitched into place in a newly forming DNA strand,
or a DNA base is skipped over or mistakenly inserted.



 Damage caused by exogenous agents comes in many
forms. Some examples are:

 UV-B light causes crosslinking between adjacent cytosine
and thymine bases creating pyrimidine dimers. This is
called direct DNA damage.

 UV-A light creates mostly free radicals. The damage caused
by free radicals is called indirect DNA damage.

 Ionizing radiation such as that created by radioactive decay
or in cosmic rays causes breaks in DNA strands. Low-level
ionizing radiation may induce irreparable DNA damage
(leading to replicational and transcriptional errors needed
for neoplasia or may trigger viral interactions) leading to
pre-mature aging and cancer



 Thermal disruption at elevated temperature increases the rate of

depurination (loss of purine bases from the DNA backbone) and

single-strand breaks. For example, hydrolytic depurination is seen in

the thermophilic bacteria, which grow in hot springs at 40-80 °C. The

rate of depurination (300 purine residues per genome per generation) is

too high in these species to be repaired by normal repair machinery,

hence a possibility of an adaptive response cannot be ruled out.

 Industrial chemicals such as vinyl chloride and hydrogen peroxide, and

environmental chemicals such as polycyclic hydrocarbons found in

smoke, soot and tar create a huge diversity of DNA adducts-

ethenobases, oxidized bases, alkylated phosphotriesters and

Crosslinking of DNA just to name a few.



 UV damage, alkylation/methylation, X-ray damage and
oxidative damage are examples of induced damage.
Spontaneous damage can include the loss of a base,
deamination, sugar ring puckering and tautomeric shift



How UV Radiation
Induced pyrimidine
dimer in DNA?



UV-Induced DNA damage

 Several different types of DNA damage have been
identified that result from (i) alkylating agents
(essential for a number of biosynthetic processes), that
can turn a legitimate base into either a mutagenic,
miscoding deviant, or a lethal, noncoding lesion, (ii)
hydrolytic deamination that can directly change one
base into another and (iii) free radicals and reactive
oxygen species formed by various photochemical
processes

 However, the two major classes of mutagenic DNA
lesions induced by UV radiation are cyclobutane–
pyrimidine dimers (CPDs) and 6–4 photoproducts (6–
4PPs, which are pyrimidine adducts), and their Dewar
valence isomers



Fig. Formation of the most toxic and mutagenic DNA lesion,
cyclobutane–pyrimidine dimers by UV radiation. Dimers can form
between two adjacent pyrimidines. Shown here is (A) thymine–thymine
cyclobutane–pyrimidine dimer, and (B) thymine–cytosine dimer and
their photoreactivation by the enzyme photolyase in the presence of
light.



Fig. Formation of the UV-induced second most frequently occurring 6–4
photoproducts and their Dewar valence isomers. 6–4 photoproducts are
formed at 5-T–C-3, 5-C–C-3, 5-T–T-3 but not at 5-C–T-3 sites in DNA. These DNA
lesions are also toxic and mutagenic.


