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ABSTRACT
Cyclobutane pyrimidine dimers including thymine or uracil have been studied and characterized through several spectroscopic methods.
The azetidin intermediates are generated when the 3’-end bases are cytosine group, through cycloaddition of the 4-imino functional of
the latter pyrimidin base. Spontaneous rearrangement of the oxetan or azetidin yields rises to the pyrimidin (6-4) pyrimidon adducts.
Chemical shifts, isotropies, anisotropies, spans, asymmetries, and other properties are all the integrals of those current densities that can
be explained through magnetic criteria and are the trustworthy accounts of the currents induced via external magnetic field capabilities.
Keywords: Skin cancer, thymine dimer, NMR shielding.

1. INTRODUCTION
Thymine-thymine dimerization (T-T) is a problem due to
ultraviolet
radiation-induced
DNA
damaging.
Human
mitochondrial DNA polymerase can be activated the low level
translation to synthesize T-T that was further attenuated through
exonuclease mechanism. Such damage may inhibit mitochondrial
DNA replication and contribute to mutagenesis in vivo.
Alterations in mitochondrial, DNA maintenance are associated
with skin cancer [1, 2].
Especially in cells have been exposed for moderating,
non-cytotoxic levels of UV radiation and carry a significant load
of T-T dimers in their DNA that is a likely exposure given the
chronic and lifelong nature of sunlight exposure. Due to
mitochondria lack nucleotide excision repair needed for
repairing T-T dimers, these disruptive lesions will persist in DNA
[2, 3]. Systemic or topical application of antioxidants has been
suggested as a protective measure against UV-induced skin
damage. Skin cancer is very frequent in Caucasians, and its
incidence is increasing steadily [4, 5].
This investigated is caused inter alia by demographic
changing. Both DNA damage caused via direct absorbance of UV
radiation and indirect DNA damage contributed via reactive
oxygen species (ROS) may lead to mutations, which can result in
UV-induced skin cancer. These two effects within an increased
ultraviolet exposure though changes in the recreational
phenomenon are the main cause of skin cancer. The exposure to
UV radiation promotes the development of squamous cell
carcinoma or SCC and its precursor lesions [1-4]. Epidemiologic6
data also imply UV as a major factor in the etiology of melanoma
and basal cell carcinoma or BCC. Two major kinds of thymine
dimers generally formed in mammalian cells and unrepaired.
These lesions pose a formidable challenge to cellular
DNA replication; indeed, defects in cellular thymine dimer repair
machinery have been linked both with human skin cancers and
such diseases as "Xeroderma pigmentosum"[6, 7]. As it mentioned
UV-induced DNA damage causes an important role in the
initiation phase of skin cancer. Due to left unrepaired or damaged
cells are not eliminated by apoptosis, DNA lesions express their

mutagenic properties. Overexposure to sunlight, and especially to
the ultraviolet (UV) portion of its spectrum, is unambiguously
linked to the onset of skin cancer as well as photo aging and ocular
pathologies.
The main damaging mechanism includes direct
absorption of UVB and sometimes UVA photons that trigger
dimerization of pyrimidine bases [5-8]. Dimeric photoproducts
involving adjacent pyrimidine bases are the most frequent UVinduced lesions in cellular DNA. One of the consequences of these
kind formations of excited states is the formation of DNA photoproducts [9, 10]. Quickly after UV absorption via DNA, the
excitation energies can be delocalized over a few bases into
Frenkel excitons as the result of stacking between adjacent bases.
The “World Health Organization” officially recognizes
UV rays as an environmental carcinogen and various skin cancers
are the most general form of cancer in the world. Melanoma
compounds are serious kind of skin cancers that can be found in
young adults. Detecting melanoma in its early stages greatly
increases the chance of survival and the sun releases three types of
ultraviolet radiation (UVA, UVB, and UVC). Among these kind
rays, UVA passes entirely through the ozone layer and therefore
make up the majority of the UV in the Earth’s atmosphere [10-12].
These rays penetrate deeper into skins and are basically
responsible for tanning. UVB rays are partially absorbed through
the ozone layers. Obviously, UVB rays are responsible for the
most sunburns and skin cancers. UVC rays are deadly to humans
but fortunately are completely absorbed through the ozone layer.
UV will cause a double bond to form between the thymine bases
found in the DNA of the skin. A strand of DNA may look
something such as C-G-T-C-T-T-C. When the skins are exposed
to UV, two thymine molecules will bond together which forms
thymine dimer systems [13, 14].
Mutations develop when cell DNA damages are not
successfully repaired via natural processes over a period of days.
Just as with other types of radiation, increased UV radiation
exposure are related to an increased risk for developing cancer
[15, 16].
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cycloaddition of the 4-imino functional of the latter pyrimidin
1.2. Melanin photosensitization.
Obviously, melanin has been shown to be involved in base. Spontaneous rearrangement of the oxetan or azetidin yields
UVA induced damages to the DNA of melanoma cells. Electron rises to the pyrimidin (6-4) pyrimidon adducts (Fig. 2).
Spin Resonances can be used for detecting the light-activated
melanin in Xiphophorus as a function of the incident wavelength
between wavelengths of 303 to 436 nm [17].
The figures of this spectrum were completely similar to
the action spectrum for melanoma induction. However, the native
of the resulting changing in human DNA is not clear due to
Figure 1. Formation of thymine cyclobutane dimers
Xeroderma pigmentosum individuals. Nucleotides excision The peculiar photo chemical physic features of the lesions are
repairing is thought to work on bulky-types of DNA damaging.
mainly accounted for by the presence of a substituted pyrimidon
The chemical effects of UVB radiation on DNA are tion ring. The latter moiety exhibits fluorescence properties, with
at 254 nm. UVB exposures of DNA are known for inducing excitation and emission maxima around 320 and 380 nm,
cyclobutane pyrimidine dimers. Conventional sunscreens absorb respectively. The TT, TC and CT photoproducts, as well as their
UVB and are extensively used for optimizing sunlight induced Dewar valence isomers, have been isolated and characterized. In
skin damage. The levels of the range UVB in sunlight are strong cyclobutane
pyrimidine
dimers, the pyrimidines, as a
function of latitude, whereas UVA is not [18, 19].
consequence of the cyclobutane ring between C5-C5 and C6-C6 of
The differences between the two types of skins cancer adjacent pyrimidines, have lost their aromaticity and no longer
include of the hypothesis that melanomas arise primarily from absorb the UV component of sunlight (around 300 nm) and thus
UVA and visible exposures to melanin, which acts as a are not subject to direct photo reversal in nature. Moreover, the
photosensitizer to damage the DNA in melanocytes, whereas non- loss of aromaticity also makes the dimers resistant to nonmelanomas arise from direct DNA damages arising from the UVB enzymatic degradation by extreme heat or pH that they may
exposures of non-melanin containing cells [20, 21].
encounter in nature.
Several genes are related to malignant melanoma that
among them variants of NRAS and BRAF can be mentioned.
About of ~2500 somatic sequences, had non-UVB changes, i.e. no
changes at di-pyrimidine sequences, although BRAF was mutant
in 55% and NRAS were mutant in 30% of the melanoma cases
studied. Presumably, the mutant sequences arose from UVA and
visible photosensitized reactions. The chemical reaction of UVB
radiation on DNA consists of formation with dimeric
photoproducts including two adjacent pyrimidine bases (Fig.1).
Cyclobutane pyrimidine dimers including thymine or
Figure 2. Formation and photo isomerization of the thymine (6-4) photo
uracil have been studied and characterized through several
product
spectroscopic methods [22]. The azetidin intermediates are
generated when the 3’-end bases are cytosine group, through

2. MATERIALS AND METHODS
2.1. Isotropic and anisotropic parameters.
The total chemical shielding tensor is a non-symmetric
tensor which can be separated into three independent parameters:
anisotropic, traceless symmetric and traceless anti-symmetric. The
spherical tensor has been exhibited by Haeberlen and Mehring.
They have investigated fundamental tensors as
(
) (
)
Where
is the reduced anisotropy and can be calculated
through: the asymmetry shielding ( ) can be calculated as:
(

) . It is notable that the spin magnetic resonance is

seldom isotropic, therefore they have to be represented by new
tensors (Herzfeld—Berger notation). These tensors are known as
span ( ), which describe the maximum width of the model and the
skew ( ) of the tensor being
. Moreover, the
asymmetry tensor orientation is given by:
(-1 ≤
≤

(

)

) in some cases of an axially symmetric tensor, ((-1
) will be zero, and hence, = 0. However, the asymmetry

( ) indicates how great deviation can appear from an axially
symmetric tensor, therefore the region is -1 ≤
.
2.2. Aromaticity.
Chemical shifts, isotropies, anisotropies, spans,
asymmetries, and other properties are all the integrals of those
current densities that can be explained through magnetic criteria
and are the trustworthy accounts of the currents induced via
external magnetic field capabilities. As for the magnetic criterion,
the resultant of all such components explains the aromaticity or
antiaromaticity, those are related to the net diatropicity &
paratropicity of the ring current respectively. Aromaticity and
antiaromaticity are conjugation or hyper-conjugation which
produces closed two- and three-dimensional electronic circuits.
Conjugation, hyper-conjugation, and aromaticity lead for
stabilizing interactions which influence the geometries, electron
densities, dissociation energies or nuclear magnetic resonance
properties among many other physical chemical observables.
Despite their importance and widespread apply, neither hyperconjugation nor aromaticity has a strict physical definition and,
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consequently, these properties cannot be experimentally directly accompanying energetic consequences of delocalization would
measured. These two properties share the same origins which are obviously and undoubtedly be severely unfavorable. Theoretical
stabilization due to electron delocalization. Indeed, differences and computational treatments of conjugated π-systems have also
between these two concepts are minor as compared to similarities.
allowed us to ignore instances in which molecules disobey the
Thus, the claim that one property is more rigorous than hallowed rules of delocalization, resonance and aromaticity. The
the other is totally unfounded.
popular molecular orbital theoretical methods allow bonding
interactions over very large distances, much greater than those
bonds of the same types whose parameters have been
determined from the diffraction studies. For example, while there
are no instances in which an isolated C=C (carbon–carbon
double) bond has ever been shown by experimental diffraction
methods to exceed 1.4 Å in length, we often see π-like bonding
interactions being invoked in theoretical simulations over
distances that are often considerably longer than 1.53 Å, the
length of a simple isolated C–C (carbon–carbon) single bond.
2.3. Energy density of thymine rings.
Densities of electron localization and chemical reactivity
respectively have been investigated by Bader [28]. The electron
Figure 3. Thymine dimer structure in B forms conformation.
densities of hetero rings have been defined as equation in follows;
Aromaticity is one of the most major phenomena widely
applied in modern chemistry. Its multidimensional composite
character lies at the basis of this situation. Since aromaticity is not
only peculiar to organic chemical species but also inorganic
chemical species, it has a broad area of usage in almost all
disciplines of chemistry. The structure of the thymine dimer lesion
in DNA oligonucleotide duplexes has been studied both by nuclear
magnetic resonance (NMR) and X-ray crystallographic methods
and compared to normal B-form DNA duplexes. In the crystal
shape, the thymine dimers are somewhat distorted, but the main of
the distortion is localized to the immediate vicinities of the dimer
with the rest of the DNA B-form conformation (Fig.3). Despite its
unusual configuration and loss of the aromaticity, thymine dimers
are buried within the right-handed helixes with their neighbors,
and paired with their complementary adenines in a manner
reasonably similar to normal thymine. However, the duplexes are
subtly strained to accommodate the constrained thymine
dinucleotide: the phosphate backbones are pinched, both grooves
are widened, the base pairing among the 5′ thymine and its
adenine pairs are significantly weakened. Therefore the base pair
on the 5′ side of the lesion has unusual tilt and twist angles as
compared to canonical B-form DNA. These changing angles in
DNA duplex to be bent via ∼30° toward the main groove and
unwound via about 9° in the vicinities of the lesion.
Delocalization and resonance are among the most
powerful and widely used concepts in organic chemistry. For
many years organic chemists have assumed, often without the
support of experimental data, that any planar conjugated π-system
that can be represented by a delocalized structure, and hence
might be capable of resonance, must indeed become
delocalized
and
hence stabilized (or destabilized) by
resonance. Thus, organic chemists have assumed that all
molecules that possess the characteristics that should enable
them to obey Hückel’s Rules for aromaticity, must indeed, in
their ground states, be truly delocalized, be resonance
stabilized, and hence be aromatic. This assumption has become
a “rule” that can only be tempered by the existence of structural or
stereo chemical factors that would prevent delocalization, or if the

( )

( )
( )

(

( )
( )
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. The density of kinetic energies is not uniquely defined,

since the value of kinetic energies operators <

( )

recovered via integrating densities kinetic energies definition. One
of a basic explanation is: ( )

∑

( ) “G(r)” is

( )

also known as positive definite kinetic energies densities as
follows
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∑
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}. K(r) and G(r) are

straightly related to Laplacian of electron densities

( )

( )
( ) .Becke and Edgecombe explained about the Fermi
hole for suggesting electron localization functions (ELF).
ELF(r) =
( )

( )

and

( )

( )

shell system, since

where D(r) = ∑
(

)

( )

be simplified as D(r) =
(

) ( )

( )

( )

(23) for close-

( )

, D and D0 terms can

( )
∑

( )

,

( )

, Savin et al. have reinterpreted the ELF in the

view point of kinetic energies, which makes ELF also explaining
for Kohn-Sham DFT wave-function. They exhibited D(r) reveals
the excess densities of kinetic energies caused by Pauli repulsion,
while D0 can be considered as Thomas-Fermi densities of kinetic
energies. Localized orbital locator (LOL) is another function for
locating high localization regions likewise ELF, defined by
Chmider and Becke in the paper.
( )

( )
∑

( )

( )
( )

(26), Where,

(Lu, T, 2012).

We have simulated our system based on our previous work [2479].
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3. RESULTS
The comparison between thymine dimers yield in nucleic
acids with A-form, B-form and Z -type double helical structures
help the hypothesis that dimerization in double-stranded DNA
appears due to uncommon conformations (Fig.4) [80].

thymine oligomers and double-stranded mixed-sequences differ
significantly this means that the small percentages of T-T dimers
react in double stranded DNA even though virtually all are well
stacked. The NMR data for thymine is shown in Fig.6.

Figure 5. Density of states of T-T forms (A & B).

Figure 4. ELF of electron density in two forms conformation
Of thymine –thymine dimerization [80]

Rating of dimer formations is decreased to a factor of two
when double-stranded DNAs are switched from B-form to A-form
conformation. The larger protective effect has been seen at T-T
steps in hairpins with A-form conformation. Same bases pairing
are found in both structural conformations, and the differences are
only the distribution of accessible structural conformations. This
establishing can control reactivity in duplex DNA just as in singlestranded. The average twist angles among successive base pair
refer in A-DNA via only a few degrees compared to B-DNA,
suggesting that ideal geometries in both helices are nonreactive.
Although dimerization to take place at T-T steps deviate from the
average duplex structure, the smaller amount of conformational
appear in A-form vs. B-form structures (Fig.5).
Although base pairing potentially, affects the rates of nonreactivity decay steps like internal conversions through the
precursor excited states, considering this unlikely as recent timeresolved measurements exhibit no effects due to base pairing on
the dynamics of excited states in A-T bas paring. We calculated
that dimerization appears with equal speed for bi-pyrimidine
doublets in single- and double-stranded contexts providing that the
thymine-thymine geometries are similar. A flexible structure of

Figure 6. C-NMR data of thymine.

Figure 7. Replication of a cis-syn thymine dimer at atomic resolution.

The winding of base pairs around the helix axis with a twist
angle is 35.5° in B-DNA, while C5=C6 is double bonds. In
contrast, although in single-stranded thymine oligomers are rare,
the more flexible backbones do not prevent those rare from
adopting conformation for dimerization perfectly. Due to the rate
of reaction via favorably aligned thymine is much quicker than the
rate of conformational change. A few percentages of T-T dimers
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are favorably positioned for reaction at the time of excitation. The
ultrafast scales of thymine duplication suggest which an essential
barrier is needed for initial 1ππ* states with the end product which
means a conical intersection lies along this path as in
computational studies of other pericyclic photoreactions. In Fig.7,
Crystal Structure of a DNA r containing a thymine-dimer can be
seen.
These dimers are awkward and form a stiff kink in the
DNA. This causes problems when the cell needs to replicate its

DNA. DNA polymerase has trouble reading the dimer, since it
doesn't fit smoothly in the active site. T-T dimers like the ones
shown here is not the major problem, since they are usually paired
correctly with adenine when the DNA is replicated. But C-C
dimers do not fare as well. DNA polymerase often incorrectly
pairs adenine with them instead of guanine, causing a mutation. If
this happens to be in an important gene that controls the growth of
cells, such as the genes for p53 tumor suppressor, the mutation
can lead to cancer.

4. CONCLUSIONS
Rating of dimer formations is decreased to a factor of two
when double-stranded DNAs are switched from B-form to A-form
conformation. Due to the rate of reaction via favorably aligned
thymine is much quicker than the rate of conformational change.
A few percentages of T-T dimers are favorably positioned for
reaction at the time of excitation. An understanding of the effects
of sunlight on human skin begins with the effects on DNA and
extends to cells, animals and humans. The major DNA
photoproducts arising from UVB (280-320 nm) exposures are

cyclobutane pyrimidine dimers. If unrepaired, they may kill or
mutate cells and result in basal- and squamous cell carcinomas.
Delocalization and resonance are among the most powerful
and widely used concepts in organic chemistry. For many years
organic chemists have assumed, often without the support of
experimental data, that any planar conjugated π-system that can
be represented by a delocalized structure, and hence might
be capable of resonance, must indeed become delocalized
and hence stabilized (or destabilized) by resonance.
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