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Abstract: Two major types can be repaired UV-induced DNA lesions. The first one is a light-dependent 

process that reverts UV damage applying particular wavelengths. The second is a light-independent 

process that excises the light-damaged region under novo synthesis of an intact DNA. The iGEMDOCK 

has been used for this study, and the acceptable thymine dimer can be defined for the binding site in 

whole DNA structures. The DNA is worked with two thymine in a segment of nucleic acids, and 

iGEMDOCK can help to prepare a suitable binding between them. The total energies of the model 

systems are a total of several partial energies as follows: E(system) = E(bond) + E(angle) + E(torsion) +E(over) 

+E(vdW) + E(Coulomb) + E(Specific). EvdW +E(Coulomb) represents the dispersive and electrostatic energies 

contribution between all atoms, respectively. Finally, E(Specific)  is system-specific energy such as lone-

pair, conjugation, and hydrogen binding. The DFT and HF calculations of the thymine dimer exhibited 

that the ring fusion at the C5 and C6 atoms of two thymine bases produced a four-member cyclo-

butane puckered ring, as well as the feature, is seen with the MPn or Moller-Pleset level. In addition, 

the UV radiations between 360 nm to 200 nm have been investigated for the study of thymine dimers.    
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1. Introduction 

DNA destroy by ultraviolet (UV) radiations are the main factor contributing to the 

development of skin cancer. Basically, using antioxidants has been predicated as a protective 

way against UV-induced skin cancer and is generally frequent in sun places. DNA destroy been 

done because of direct absorbance of UV, and indirect DNA damaging due to contributed by 

reactive oxygen species may lead to mutations, resulting in UV-induced skin cancer [1-5]. Two 

mentioned effects together, and ultraviolet (UV) exposure is the main reason for skin cancer. 

UV radiation causes the progress of squamous cell carcinoma (SCC) and its precursor lesions, 

while epidemiologic information indicates the UV radiation as the main reason for the etiology 

of melanoma and basal cell carcinoma [2,3]. The union of health introduced UV rays as a 

reason for skin cancer due to the most common form of cancer in nearly half of all cancers 

[3,4]. Melanoma is the most serious kind of skin cancer as the most general cancer found in 

young adults.  The sun produces 3 types of UV, consisting of UVC, UVB, and UVA that UVA 

can pass from the ozone layers, making a strong problem in the Earth's atmosphere [5,6]. These 

UVs penetrate deeper into the skin and are the majority reason for tanning. The genotoxic 

phenomenon of sunlight's UV (UVA: 325–410 nm and UVB: 290–310 nm) has been 
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considered for scientists. UV-damages are processed through light-dependent depending on the 

growth conditions, allowing efficient maintenance of genome integrity[7-9]. UV makes a 

double bond for forming among the thymine bases in the DNA of skin cells. A strand may 

appear something like this: G-C-G-C-T-C-T-T-G. When the skin is exposed to UV, the two 

thymine will bond together, called a thymine dimer [10-14].  To better understand the situation 

of dimer-mutation and cell lethality and how dimers are distinguished by repairing enzymes, it 

will be necessary to know how the DNA structure is altered by dimer or by other nucleotide 

diadducts. X-ray crystallography has been a suitable tool in determining the structures of 

pyrimidine dimer, psoralen, and cisplatin adducts in dinucleotide forms[15,16]. However, it 

has not been possible to solve oligonucleotides structures containing these adducts without 

suitable crystals[17-20]. Other methods such as melting temperature determinations, analysis 

of randomly damaged DNA on band-counting gels, molecular graphics based on energy 

minimization combined with model building, and more recently, two-dimensional NMR 

studies with a dimer-containing dodeca nucleotide has provided some useful, but at times 

contradictory, information regarding the structure of dimer-containing DNA [20-23]. 

1.1. Effect of UV on DNA. 

DNA, as genetic data, is the main goal of UV due to nucleotides absorption in the range 

from 105 to 285 nm (UV-C) and from 285 to 310 nm (UV-B) [24-26]. These wavelengths raise 

nucleotides bases to reactive singlet or triplet states, undergo different photochemical 

behaviors. Three main types of DNA lesions that appear via these reactions contain two 

pyrimidine bases and their isomers (Figure 1). 

1.2. Photolesion repair mechanism. 

Two major types can be repaired UV-induced DNA lesions (Figure 1). The first one is 

a light-dependent process that reverts UV damage applying particular wavelengths. The second 

is a light-independent process that excises the light-damaged region under novo synthesis of 

an intact DNA.  

 
Figure 1. The two different types of DNA repairing for UV radiation damage include UV Base Excision 

Repair and Photoreactivation. 

Although most organisms possess obey of both roots, the light repair pathway is 

predominantly used. Obviously, growth conditions, tissue specificities, and the transcriptional 

level of especial genomic area are examples of factors that could define one or the other roots 

[27-29].  
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1.3. Light repair.  

A necessary repairing root of photon-induced damage(PIR) is a straight repairing that, 

completely, is based on photon-triggered enzymes or photolysis (Figure 2). In other words, 

repairing roots does not rely on de novo DNA synthesis. According to phylogenetic analyses, 

it was assumed that 4 billion years ago, all living organisms possessed photolysis-like genes. 

DNA photolysis genes appear in all sections of the cell, including eukaryotes. In contrast to its 

largest sequence and structure similarity, photolysis in DNA repair activity is distinct from 

cryptochromes that gained new functions as a light receptor, including in the regulation of 

phototaxis [28-31]. Tight and concentrated focus in a few model organisms such as E. coli, D. 

melanogaster, A. thaliana, and S. cerevisiae,  allowed deciphering the specificities of their 

function. Interestingly, repair activities were recently identified of an N-terminal dinucleotide 

binding domain and a C-terminal binding domain for the catalytic cofactor: flavin adenine 

dinucleotide.  

 
Figure 2. DNA Repairing by photolyase. 

1.4. Methylation. 

For eukaryotic cells, DNAs are completely packaged into chromatin fiber. The smallest 

units of chromatin are the nucleosomes, combined with around 150 base pairs DNA attaching 

to histones, making a platform to regulate gene expression amongst processes, higher 

chromatin structure, and DNA repair.  Notably, the methylation appears at C5 of cytosine as 

an important epigenetic mark regulating gene expression.  

 
Figure 3. Formation of cyclobutane thymine-cytosine dimers. 

The images of photo lesions exhibited that upon UV-R, CPDs are formed around the 

core histone and in the linker DNA sequence, while 6-4PP is preferentially formed in the linker 
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region of chromatin [32-35]. It is wonderful that, because of the anisotropic bending 

preferences of the DNA, the more exposed sequences tend to be enriched in G and C, while 

the sequences close to the histone core tend to be enriched in A and T. Accelerated and 

decelerated hydrolysis are shown in Figure 3. 

2. Materials and Methods 

2.1. Docking analysis.  

The iGEMDOCK has been used for this study, and the acceptable thymine dimer can 

be defined for the binding site in whole DNA structures. The DNA is worked with two thymine 

in a segment of nucleic acids, and iGEMDOCK can help to prepare a suitable binding between 

them. Following steps have been accomplished in our modeling: (a), Provide the binding 

location of thymine dimer on the DNA. (b) Browsing and selecting the DNA-thymine file. (c) 

Defining the thymine dimers in DNA. (d) Defining the location of the binding by selected 

nucleotides. (e) Setting the size of the binding site through the extended radius from the selected 

nucleotides. IGEMDOCK yields an analysis surrounding visualized images and post-analysis 

for researchers. The minimum energy poses of each system will be outputted into the location 

of "best: Pose". These analysis data are based on the analysis of those poses. Via looking for 

the bounded structures of some thymine dimers, it can be selected via the check box of DNA. 

IGEMDOCK clusters the Thymine dimer based on interaction and atomic composition 

features. Interaction feature is extracted from the Thymine-Thymine interactions, and atomic 

composition is accounted atomic types in different functional groups.  

2.2. Simulation methodology. 

The thymine-thymine dimers  interactions are explained via Lennard–Jones potentials 

as follows: 𝑉𝐿𝐽(𝑟𝑖𝑗) = 4𝜀𝑖𝑗{[(
𝜎𝑖𝑗

𝑟𝑖𝑗
)12 − (

𝜎𝑖𝑗

𝑟𝑖𝑗
)6]} , 𝑟 < 𝑅𝐶 (8), 𝑅𝐶is a cutoff distance around 12 Å 

for VE. In addition, the Lorentz–Berthelot rules have been applied for the inter forces among 

VE and graphene atoms as follows "𝜎𝑖𝑗 = 0.5(𝜎𝑖 + 𝜎𝑗)"𝑎𝑛𝑑 𝜀𝑖𝑗 = √ 𝜀𝑖 ∗ √ 𝜀𝑗. (9). The total 

energies of the model systems are a total of several partial energies as follows: E(system) = E(bond) 

+ E(angle) + E(torsion) +E(over) +E(vdW) + E(Coulomb) + E(Specific), (10), where E(bond) and (E(angle) + 

E(torsion)) are   bond formation and angle (both strain and torsional) energies, respectively. E(over)  

is associated with valence and torsional angles, respectively, that prevent the over-coordination 

of the atoms.  EvdW +E(Coulomb) are the dispersive and electrostatic energies contribution between 

all atoms, respectively. Finally, E(Specific)  is system-specific energy such as lone-pair, 

conjugation, and hydrogen binding ( Tables1&2).   

Table 1. Non-bonded parameters in terms of E (van der waals) + E (Coulomb). 

Non bonded interaction 

𝑉𝐿𝐽(𝑟𝑖𝑗) = 4𝜀𝑖𝑗{[(
𝜎𝑖𝑗

𝑟𝑖𝑗
)12 − (

𝜎𝑖𝑗

𝑟𝑖𝑗
)6]} , 𝑟 < 𝑅𝐶  

Atom type Mass(g/mol) 
𝝈(𝒏𝒎) 𝜺(

𝒌𝒄𝒂𝒍

𝒎𝒐𝒍
) 

N1-N1 28.03 1.78 0.4212 

C=O 28.05 3.05 0.16 

O-H 17.07 1.22 0.34 

C-O 28.05 1.42 0.16 

C-C 24.05 2. 23 0.67 

N-C 26.04 0.85 0.55 
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Table 2. Parameters of bonded interactions of the atomistic force field. 

Bonded & angle interaction 

{[𝑉𝑏(𝑟𝑖𝑗) = ∑ 𝑘𝑖𝑗
𝑏

𝑏𝑜𝑛𝑑𝑠

(𝑟𝑖𝑗 − 𝑏𝑖𝑗)2]} + {[𝑉𝛽(𝜃𝑖𝑗𝑘) = 0.5 ∑ 𝑘𝑖𝑗𝑘
𝜃 (𝜃𝑖𝑗𝑘 − 𝜃𝑖𝑗𝑘

0 )2]}  

𝑎𝑛𝑔𝑙𝑒

+ {[𝑉(𝜑𝑖𝑗𝑘𝑙) 𝑘𝜑(1 + 𝐶𝑜𝑠(𝑛𝜑 − 𝛿) 

bond b(Å) 𝑘𝑏 

kcal/mol*Å2 
 

 

angle 𝜃𝑖𝑗𝑘
0  𝑘𝑖𝑗𝑘

𝜃  

(
kcal

𝑚𝑜𝑙
∗ 𝑅𝑎𝑑2) 

Dihedral 

𝜑𝑖𝑗𝑘𝑙 

𝑘𝜑 

kcal/mol  

 

𝑛 𝛿 

C-H 1.15 310 C-O-C 118.5 53.5 C-C-C-O 0.35 1 0.00 

C=O 1.20 230 C-C-C 121.0 61.0 H-C-C-C 0.48 3 180.0 

O-H 1.08 435 O-C-O 115.5 45.0 O-C-C-H 0.30 2 180.0 

C-O 1.40 150 C-C-H 112.4 50.5 C-O-C-H 0.65 2 0.00 

C-C 1.51 330 H-C-H 110.4 61.5 H-C-C-H 0.35 1 180.0 

C=C 1.35 315 O-C-H 105.2 45.5 O-C-C-O 0.60 3 0.00 

The TIP3 is used for a total of the three sites for the electrostatic interactions. The OPLS 

is a modified form of TIPS that have fitted to liquid state properties. The model works well for 

various alcohols, amines, aliphatic and aromatic hydrocarbons, sulfur compounds, ether, amino 

acids, and nucleic acid bases. The OPLS Lennard-Jones parameters for nucleic acid bases are 

included in Table 3.  

Table 3. OPLS Lennard-Jones parameters for nucleic acid bases. 

Atom 𝜎( Å) 𝜀, 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 

O 1.68 0.343 

N 2.87 0.213 

C in C=O 3.8 0.220 

C normal 3.4 0.122 

H(N) 0.0 0.0 

H(C) 2.33 0.0 

H(O) 1.05 0.0 

In the second section of our research, calculations were performed with the simulation 

program CHARMM in which an empirical energy function, contains two terms of internal and 

external interactions were used. All modeling and simulation details have been done based on 

our previous works [36-53]. 

3. Results and Discussion 

The complex structures of 1rys and 1skw (Figure 4) are predicted through dockings 

modeling and calculated via docking and CHARMM software. The interaction energy analysis 

indicated the hydrophobic and hydrophilic contributions of related nucleic acids to the Gibbs 

free energies required for the complex formations. Some of the charged residues exhibited a 

large unfavorable depending on non-solvation interactions that were canceled out by large 

favorable columbic interaction, resulting in destabilizing the structures. The free energies of 

destabilizations are compensated by the van der Waals interactions contemplated by 

hydrophobic amino acids for giving the stabilizing complexes. Since DNA absorbs 

wavelengths in the lower part of the UVB band, UV increases the thymine dimer band stronger. 

Overall, thymine dimer formation in the diatom of human skin on DNA is mainly induced by 

wavelengths below 320 nm. The free energy differences between two states 1 and 2 of a system 

can be derived from classical statistical mechanics allowing us to express this function as: 

𝐴2 − 𝐴1 = −𝑅𝑇𝑙𝑛 < exp [−
𝐸2 − 𝐸1

𝑅𝑇
] > 

(E2 - E1) is the potential energy differences and the symbol < > indicates an ensemble average. 

Since the isothermal-isobaric ensemble has been used, Gibbs's free energies have the same 
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expression. The computed free energies are presented in Table 4. Methylation decreases the 

hydration-free energy of the bases. 

Table 4. Solvation free energies.  

Method Adenine Guanine Cytosine Thymine 

OPLS,TIP3 -38.44 -45.88 -40.24 -41.2 

Charmm -33.23 -33.47 -31.2 -33.3 

OPLF/FEP -11.8 -22.1 -23.1 -14.1 

Amber/FEP -12.6 -18.9 -13.1 -9.33 

Amber/TI -12.4 -22.1 -17.99 -11.89 

AM1/SM2 -19.33 -24.5 -18.55 -13.22 

QM/MM -5.9 -12.9 -16.33 -8.44 

SCRF(6-31g*) -6.11 -16.3 -13.44 -8.45 

FDPB -10.3 -18.8 -16.45 -10.32 

 

The DFT and HF calculations of the thymine dimer exhibited that the ring fusion at the 

C5 and C6 atoms of two thymine bases produced a four-member cyclo-butane puckered ring, 

as well as the feature, is seen with the MPn or Moller-Pleset level. This puckering leads to axial 

or equatorial positions for the replaced atoms on this ring, and the atoms on the two thymine 

bases differ in their orientations (Particular in the orientation of the H6A atom). The highest 

occupied molecular orbital (HOMO) of the neutral T<>T is localized on the C6A-C6B bond. 

After ionization, the SOMO orbital of TTp-1 is localized on the C6A-C6B bond, and the bond 

is lengthened compared to the neutral species, as the bond is now weaker due to the single 

electron occupancy. This 4-member is puckered, as in the neutral forms. The relative 

orientations of the H6A atom in TTp-1 are the same as the neutral T<>T. Electrons on the C6A-

H6A bond participate in the stabilization of the π system. The puckering of the cyclo-butane 

ring is responsible for the difference in the electronic configuration in the two thymine rings 

and makes a major order in producing the dissociation path in the thymine dimer. The UV 

radiations between 360 nm to 200 nm have been investigated for the study of thymine dimers. 

The small-term in the UVA band (360nm) corresponds with the action spectrum for skin cancer 

induction. Growth reductions of human cells were also most pronounced in the UVB region. 

Therefore similarity between wavelength-dependent growth rate reduction and thymine dimer 

formation was high, especially in the region below 310 nm.  

 

Figure 4. (A) Replication of a cis-syn thymine dimer; (B) Binary 3' complex of T7 DNA polymerase with a 

DNA primer/template containing a disordered cis-syn thymine dimer. 

The overall similarity suggests that growth inhibition can be explained by thymine 

dimer formation combined with an insufficient repair. Since photo repair of thymine dimers is 

https://doi.org/10.33263/BRIAC123.37803789
https://biointerfaceresearch.com/
http://www.protein.bio.msu.ru/biokhimiya/contents/v71/full/71S10001.html#Table5
https://www.sciencedirect.com/topics/chemistry/thymine
https://www.sciencedirect.com/topics/chemistry/cyclobutane
https://www.sciencedirect.com/topics/computer-science/directionality
https://www.sciencedirect.com/topics/computer-science/molecular-orbitals


https://doi.org/10.33263/BRIAC123.37803789  

 https://biointerfaceresearch.com/ 3786 

induced by wavelengths between 310 and 400 nm, the ratio between UVB, UVA, and PAR 

determines whether damage and repair are in balance. In the light of this notion, growth rate 

reduction in the UVB region was caused by the unbalance between thymine dimer formation 

and repair [54-67]. 

4. Conclusions 

The DFT and HF calculations of the thymine dimer exhibited that the ring fusion at the 

C5 and C6 atoms of two thymine bases produced a four-member cyclo-butane puckered ring, 

as well, as the feature is seen with the MPn or Moller-Pleset level. Since photo repair of thymine 

dimers is induced by wavelengths between 310 and 400 nm, the ratio between UVB, UVA, 

and PAR determines whether damage and repair are in balance. 
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