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From the start of the first primitive life forms on earth
ultraviolet (UV) light has been a seriously threatening factor.
UV light is absorbed by the DNA causing several types of
damage that can interfere with transcription and replication.
In bacteria a number of different repair mechanisms have
evolved to repair these UV-induced lesions. These
mechanisms include direct reversal of the damage by a
photolyase (photo-reactivation), removing of the damaged
base by a DNA glycosylase (base excision repair, BER), incision
of the DNA adjacent to the damage by an endonuclease (UV-
damage endonuclease, UVDE) or removal of a complete
oligonucleotide containing the damage (nucleotide excision
repair, NER).
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EFFECT OF UV RADIATION ON MICROORGANISM
➢ In 1927 Muller demonstrated the first artificial induction mutation through

measurement of the effect of large doses of X-rays on the mutation rate of
sex-linked lethal and visible in Drosophila.

➢ The visible light we observe only a small part of the electromagnetic
spectrum, which consists of energy in the form of a verity of wavelengths. As
the wavelength become shorter, the energy they contain becomes stronger
and more penetrating. X-ray, which range in wavelength from about 10
angstroms to about 1 angstrom.

➢ In the process of penetration, however, high-energy irradiation also
produces ions by colliding with atom and releasing electrons, which in turn
collide with other atom releasing further electrons, etc. the change in the
number transforms a stable atom or molecules into the reactive ionic state.
Thus, along the track of each high-energy ray, a train of ions is formed which
can initiate a verity of chemical reactions. Such irradiation is therefore
appropriately called ionizing irradiation and can be produce by Alpha, Beta
and Gama rays from radioactive sources, e.g., radium cobalt-60, etc.

Non ionizing radiation such as ultraviolet ray are far less penetrating and do
not produce ion tracks.









❖The stratospheric ozone layer, which shields the Earth from the
biologically most hazardous short-wavelength solar radiation, is currently
experiencing continuous depletion, catalyzed by anthropogenically released
atmospheric pollutants such as chlorofluorocarbons (CFCs), chlorocarbons
(CCs) and organo-bromides (OBs) and the consequent increase in solar
ultraviolet-B (UV-B; 280–315 nm) radiation reaching the Earth’s surface.

❖Ozone depletion has been reported in the Antarctic as well as in the Arctic
and subarctic regions, but it is most pronounced over the Antarctic, where
ozone levels have declined by more than 70% during late winter and early
spring during the last few decades.

❖This decline in ozone level is commonly attributed to a unique
combination of extreme cold and stratospheric circulation (the polar vortex)
which results in conditions that are favorable for the CFC–ozone reactions.

❖Polar stratospheric clouds play important roles in the formation of the
springtime Antarctic ozone hole by activating chlorine and denitrifying the
stratosphere. Recent TOMS (total ozone mapping spectrometer) data
indicate an Antarctic ozone hole that is three times larger than the entire
land mass of the United States.



❖Recent reports indicate that widespread severe denitrification could
enhance future Arctic ozone loss by up to 30%.
❖ The xenotoxic effects of solar UV radiation are thought to have precluded
the development of terrestrial life for two or possibly three billion years,
before the stratospheric ozone layer developed.
❖ 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.

❖In fact, photons from UV-A radiation and visible light up to 670 nm are also able to
generate through type II photosensitization reactions. 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)



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

(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. After UV irradiation the CPDs are the most abundant
and probably most cytotoxic lesions but the 6–4PPs may have more
serious, potentially lethal, mutagenic effects.



❖ Dewar isomers are formed by the photo-isomerization of 6–4PPs by wavelengths
longer than 290 nm. UV sources containing a higher proportion of radiation
bordering between UV-B and UV-A, such as solar UV radiation, should produce a
higher proportion of Dewar isomers since the photoisomerization is most efficient
around 320 nm, which corresponds to the UV absorption maximum of 6–4PPs.

❖The nature of the bases plays a major role since the distribution of the dimeric
photoproducts strongly depends on the pyrimidine bases involved. Sequences that
facilitate bending and unwinding are favorable sites for damage formation, e.g.,
CPDs form at higher yields in single-stranded DNA and at the flexible ends of
poly(dA)-(dT) tracts, but not in their rigid centre. CPD formation is less frequent
when there is bending of the DNA towards the minor groove. One of the
transcription factors having a direct effect on DNA damage formation and repair is
the TATA-box binding protein (TBP). TBP induces the selective formation of 6–4PPs in
the TATA-box, where the DNA is bent,










