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Abstract

Because the strong ionization radiation could result in the production of OH 
radicals, which attack and damage the DNA bases. It is possible to lead to the 
occurrence of disease if not repaired in time. Therefore, it is very important to 
investigate the spin polarization or magnetic properties of products generated 
by OH radical attacking DNA bases, which help understand radiation damage 
to DNA. By means of ab initio calculations, this work delves into the magnetic 
properties of DNA radicals produced in the addition and dehydrogenation 
reactions. GGA calculation shows that spin polarization exists in all the radicals, 
with 1µB total net magnetic moment for each free radical. The undamaged 
bases are free of magnetism, whereas the DNA bases attacked by OH radicals 
have magnetic properties.
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GAUSS03 [26] and VASP [27,28] program. The GAUSS program 
is used to simulate the addition process of OH radical and optimize 
the structure of dehydrogenation radical. By means of WB97XD 
computational level and 6-31G** basis set, Figure 1 presents 
the optimized structures of cytosine and thymine, as well as the 
numbering scheme. According to the analysis of literatures, we 
use the C6 site of cytosine and thymine as the attack position of 
OH radical in the addition reaction. The initial position of OH is 
perpendicular to the plane of each base, and the distance between 
O in OH radical and the target position is set to be 1.45A. For the 
dehydrogenation reaction, we calculated the magnetic properties 
of H9 deleted cytosine radical and H11 removed thymine. All the 
optimized radicals are further computed to confirm the magnetism. 
For the first-principles calculations, the augmented plane wave 
method is used, and the GGA-PBE approximation is used to describe 
the exchange correlation energy. The cutoff energy of plane wave is 
set at 450eV, where the integration of Brillouin zone makes use of the 
4x4x4 gamma-centered K point grid. 

Calculation Results
Figure 1b and 2b presents the optimized structure of hydroxyl 

radicals. As can be seen from the graph, the distances between O in 
OH and the target atom are 1.434 and 1.427 for cytosine and thymine, 
respectively, which are shorter than the initial distance 1.45A. Thus, 
it can be concluded that there is the covalent bond formed between 
the O atom and the target C atom. Figure 2 (1a and 2a) also shows 
the total DOS of the undamaged cytosine and thymine. It is evident 
that the spin-up DOS and spin-down DOS are completely symmetric, 
which indicates that the investigated system is free of magnetism. 
The total net magnetic moment of the system is computed to be 
0µB. Overall, cytosine and thymine show no magnetism when in the 
absence of an attack.

Figure 2 (1b and 2b) shows the total density of states of hydroxyl 
radicals. It can be seen that the total DOS splits in the neighborhood of 
Femi level, which indicates the magnetism of the investigated system. 

Introduction
In recent years, great efforts have been devoted to the study of 

radiation effects on DNA. There are many reasons for the interests 
in this area, for instance, radiation therapy can lead to disorder of 
DNA. Additionally, more and more people are exposed to ultraviolet 
radiation with the depletion of ozone layer, which draws great 
attention about radiation effects on DNA. The disorder of DNA 
caused by radiation damage includes changes in the base and sugar, 
as well as the rupture of chains. Ionizing radiation can cause direct 
or indirect damage to DNA. The energy is absorbed directly by DNA 
for direct damage, generating dehydrogenation radical and other 
products. The indirect damage comes from the attack on DNA by the 
free radicals, which are formed by the radiation in the environment 
of DNA [1,2]. These free radicals, in which OH radical is the most 
important one, are mainly produced from water [3-5]. OH radical 
could react with DNA bases, generating hydroxyl radicals. There are 
many experimental and theoretical investigations concerning the 
damage mechanism of DNA bases, as well as the possible products 
from the addition and dehydrogenation reactions between OH 
radical and DNA bases [6-16]. 

Previous experiments have proved that OH can add into the 
cytosine’s double bond [17-19]. Theoretical calculations also confirm 
that the OH could add into cytosine at particular sites. In addition, 
the hydrogen abstraction reaction may happen in one of the C-H 
bonds of cytosine [20]. It is the same case for thymine [21-25]. 
However, up until now, there are no systematical theoretical and 
experimental reports about the electronic and magnetic properties 
of the reaction products, which are generated by the OH radical’s 
attack on DNA bases. Using ab initio calculation, this paper delves 
into the magnetism of DNA radicals produced in the addition and 
dehydrogenation reactions. 

Calculation Details
The calculations in the present work adopt two procedures: 
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Actually, the total magnetism moment of the system is calculated to 
be 1.0µB. Figure 1(1c and 2c) presents the optimized structures of 
dehydrogenation radicals. It could be found from Figure 2 that the 

total density of states for the dehydrogenation radicals (1c and 2c) 
show magnetism because the spin down and spin up density of states 
are not symmetric, which is consistent with the results of magnetic 

Figure 1: Structures of cytosine (1a) and thymine (2a), the hydroxyl radicals (1b and 2b) as well as the dehydrogenation radicals (1c and 2c).
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moments 1.0µB. Generally speaking, the concentration of OH 
formed by ionizing radiation is relatively low. Therefore, the addition 

Figure 2: The density of states for cytosine (1a) and thymine (2a), the hydroxyl radicals (1b and 2b) as well as the dehydrogenation radicals (1c and 2c), with the 
black line denoting spin up and the red line standing for spin down.

or dehydrogenation reactions between OH radical and DNA bases 
can only produce paramagnetic properties in the investigated system.
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Conclusion
Since the strong ionization radiation could result in the damage 

to DNA bases caused by the attack of OH radical. It is possible to 
induce disease if not repaired in time. Therefore, the investigation 
of the reaction (OH+DNA bases) products’ spin polarization or 
magnetic properties is very important for understanding radiation 
damage to DNA. The magnetic properties of hydroxyl radical and 
dehydrogenation DNA base radicals were calculated in detail by 
GGA method. Spin polarization occurs in all the free radicals, with 
the total net magnetic moment of 1µB. The undamaged bases have 
no magnetism, whereas the DNA bases attacked by OH radical show 
magnetic properties.  

References
1. M Frankenberg-Sehwager. Induction, repair and biological relevance of 

radiation-induced DNA lesions in eukaryotic cells. Radiat Environ Biophys. 
1990; 29: 273-292.

2. P O’Neill, E M Fielden. 2 – Primary Free Radical Processes in DNA. Adv 
Radiat Biol. 1993; 17: 53-120.

3. J D Chapman, A P Reuvers, J Borsa, CL Greenstock. Chemical 
Radioprotection and Radiosensitization of Mammalian Cells Growing in Vitro. 
Radiat Res. 1973; 56: 291-306.

4. R Roots, S Okada. Estimation of Life Times and Diffusion Distances of 
Radicals Involved in X-Ray-Induced DNA Strand Breaks or Killing of 
Mammalian Cells. Radiat Res. 1975; 64: 306-320.

5. C M deLara, T J Jenner, K M S Townsend, S J Marsden, P O’Neill. The effect 
of dimethyl sulfoxide on the induction of DNA double-strand breaks in V79-4 
mammalian cells by alpha particles. Radiat Res. 1995; 144: 43-49.

6. C J Mundy, M E Colvin, A A Quong. Irradiated Guanine:  A Car-Parrinello 
Molecular Dynamics Study of Dehydrogenation in the Presence of an OH 
Radica J. Phys. Chem. A. 2002; 106: 10063-10071.

7. R Kakkar, R Garg. Theoretical study of the effect of radiation on thymine. J 
Mol Struct Theochem 2003; 620: 139-147.

8. Y Wu, C J Mundy, M E Colvin, R Car. On the Mechanisms of OH Radical 
Induced DNA-Base Damage:  A Comparative Quantum Chemical and Car−
Parrinello Molecular Dynamics Study. J Phys Chem A. 2004; 108: 2922-2929.

9. YJ Ji, YY Xia, MW Zhao, B D Huang, F Li. Theoretical study of the. OH 
reaction with cytosine. J Mol Struct Theochem. 2005; 723:123-129.

10. Leila Hokmabady, Heidar Raissi and Azadeh Khanmohammadi. Interactions 
of the 5-fluorouracil anticancer drug with DNA pyrimidine bases: a detailed 
computational approach. Struct Chem. 2016; 27: 487-504.

11. Chen Song, Xuening Zhang, Fangfang Li, Yanyan Zhu, Chunmei Liu, Xue 
Li. Theoretical study of binding affinity for diamidine with DNA. Struct Chem. 
2016; 27: 681–696.

12. T Lindahl. Instability and decay of the primary structure of DNA. Nature. 1993; 
362: 709-715.

13. BN Ames, LS Gold, WC Willett. The causes and prevention of cancer. Proc 
Natl Acad Sci USA. 1995; 92: 5258-5265.

14. S Steenken. Purine bases, nucleosides, and nucleotides: aqueous solution 
redox chemistry and transformation reactions of their radical cations and e- 
and OH adducts. Chem Rev. 1989; 89: 503-520.

15. JR Wanger, JE van Lier, LJ Johnston. Quinone sensitized electron transfer 
photooxidation of nucleic acids: chemistry of thymine and thymidine radical 
cations in aqueous solution. J Photochem Photobiol. 1990; 52: 333-343.

16. AO Colson, D Beeker, I Eliezer, MD Sevilla. Application of Isodesmic 
Reactions to the Calculation of the Enthalpies of H• and OH• Addition to DNA 
Bases:  Estimated Heats of Formation of DNA Base Radicals and Hydrates. J 
Phys Chem A. 1997; 101: 8935-8941.

17. DK Hazara, S Steenken. Pattern of hydroxyl radical addition to cytosine and 
1-, 3-, 5-, and 6-substituted cytosines. Electron transfer and dehydration 
reactions of the hydroxyl adducts. J Am Chem Soc. 1983; 105: 4380-4386.

18. H Catterall, MJ Davies, BC Gilbert, NP Polack. EPR spin-trapping studies of 
the reaction of the hydroxyl radical with pyrimidine nucleobases, nucleosides 
and nucleotides, polynucleotides, and RNA. Direct evidence for sites of initial 
attack and for strand breakage. J Chem Soc Perkin Trans. 1993; 2: 2039-
2047.

19. C Hazlewood, MJ Davies. Electron paramagnetic resonance studies of the 
reaction of aryl radicals with nucleic acids and their components. J Chem Soc 
Perkin Trans. 1995; 2: 2167-2174.

20. DJ Deeble, S Das, C von Sonntag. Uracil derivatives: sites and kinetics of 
protonation of the radical anions and the UV spectra of the C(5) and C(6) 
H-atom adducts. J Phys Chem. 1985; 89: 5784-5788. 

21. SV Jovanovic, MG Simic. Mechanism of OH radical reactions with thymine 
and uracil derivatives. J Am Chem Soc. 1986; 108: 5968-5972.

22. S Fujita, S Steenken. Pattern of hydroxyl radical addition to uracil and methyl- 
and carboxyl-substituted uracils. Electron transfer of hydroxyl adducts with 
N,N,N’,N’-tetramethyl-p-phenylenediamine and tetranitromethane. J. Am. 
Chem. Soc. 1981; 103: 2540-2545.

23. H Taniguchi. Free-radical intermediates in the reaction of the hydroxyl radical 
with nitrogen heterocyclic compounds. J Phys Chem. 1970; 74: 3143-3146.

24. J Cadet, T Delatour, T Douki, D GasParutto, JP Pouget, JL Ravant, S 
Sauvaigo. Hydroxyl radicals and DNA base damage. Mutat Res. 1999; 424: 
9-21.

25. J Hong, DG Kim, JS Yoo, C Cheong, Microchem J. 1999; 63: 109.

26. MJ Frisch, GW Trucks, HB Schlegel, GE Scuseria, MA Robb, JR Cheeseman, 
et al. Gaussian Inc Pittsburgh PA. 2005.

27. G Kresse, J Hafner. Ab initio molecular dynamics for liquid metals. Phys Rev. 
1993; B 47: 558.

28. G Kresse, D Joubert. From ultrasoft pseudopotentials to the projector 
augmented-wave method. Phys Rev. 1999; B 59: 1758.

Citation: Yu A. The Magnetism Studies on the Radicals Generated by OH Attacking DNA Bases. Austin Chem 
Eng. 2016; 3(4): 1038.

Austin Chem Eng - Volume 3 Issue 4 - 2016
ISSN : 2381-8905 | www.austinpublishinggroup.com 
Yu. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/2281134
http://www.ncbi.nlm.nih.gov/pubmed/2281134
http://www.ncbi.nlm.nih.gov/pubmed/2281134
http://www.sciencedirect.com/science/article/pii/B9780120354177500052
http://www.sciencedirect.com/science/article/pii/B9780120354177500052
http://www.jstor.org/stable/3573667?seq=1#page_scan_tab_contents
http://www.jstor.org/stable/3573667?seq=1#page_scan_tab_contents
http://www.jstor.org/stable/3573667?seq=1#page_scan_tab_contents
http://www.rrjournal.org/doi/abs/10.2307/3574267
http://www.rrjournal.org/doi/abs/10.2307/3574267
http://www.rrjournal.org/doi/abs/10.2307/3574267
http://www.ncbi.nlm.nih.gov/pubmed/7568770
http://www.ncbi.nlm.nih.gov/pubmed/7568770
http://www.ncbi.nlm.nih.gov/pubmed/7568770
http://pubs.acs.org/doi/abs/10.1021/jp0212904
http://pubs.acs.org/doi/abs/10.1021/jp0212904
http://pubs.acs.org/doi/abs/10.1021/jp0212904
http://www.sciencedirect.com/science/article/pii/S0166128002005912
http://www.sciencedirect.com/science/article/pii/S0166128002005912
http://pubs.acs.org/doi/abs/10.1021/jp0363592
http://pubs.acs.org/doi/abs/10.1021/jp0363592
http://pubs.acs.org/doi/abs/10.1021/jp0363592
http://www.sciencedirect.com/science/article/pii/S0166128005001727
http://www.sciencedirect.com/science/article/pii/S0166128005001727
http://link.springer.com/article/10.1007/s11224-015-0578-8
http://link.springer.com/article/10.1007/s11224-015-0578-8
http://link.springer.com/article/10.1007/s11224-015-0578-8
http://link.springer.com/article/10.1007/s11224-015-0610-z
http://link.springer.com/article/10.1007/s11224-015-0610-z
http://link.springer.com/article/10.1007/s11224-015-0610-z
http://www.nature.com/nature/journal/v362/n6422/abs/362709a0.html
http://www.nature.com/nature/journal/v362/n6422/abs/362709a0.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC41674/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC41674/
http://pubs.acs.org/doi/abs/10.1021/cr00093a003
http://pubs.acs.org/doi/abs/10.1021/cr00093a003
http://pubs.acs.org/doi/abs/10.1021/cr00093a003
http://www.ncbi.nlm.nih.gov/pubmed/2217547
http://www.ncbi.nlm.nih.gov/pubmed/2217547
http://www.ncbi.nlm.nih.gov/pubmed/2217547
http://pubs.acs.org/doi/abs/10.1021/jp972243s
http://pubs.acs.org/doi/abs/10.1021/jp972243s
http://pubs.acs.org/doi/abs/10.1021/jp972243s
http://pubs.acs.org/doi/abs/10.1021/jp972243s
http://pubs.rsc.org/en/content/articlelanding/1993/p2/p29930002039#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/p2/p29930002039#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/p2/p29930002039#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/p2/p29930002039#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/p2/p29930002039#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1995/p2/p29950002167
http://pubs.rsc.org/en/content/articlelanding/1995/p2/p29950002167
http://pubs.rsc.org/en/content/articlelanding/1995/p2/p29950002167
http://pubs.acs.org/doi/abs/10.1021/j100272a042?journalCode=jpchax
http://pubs.acs.org/doi/abs/10.1021/j100272a042?journalCode=jpchax
http://pubs.acs.org/doi/abs/10.1021/j100272a042?journalCode=jpchax
http://pubs.acs.org/doi/abs/10.1021/ja00279a050
http://pubs.acs.org/doi/abs/10.1021/ja00279a050
http://pubs.acs.org/doi/abs/10.1021/ja00400a009
http://pubs.acs.org/doi/abs/10.1021/ja00400a009
http://pubs.acs.org/doi/abs/10.1021/ja00400a009
http://pubs.acs.org/doi/abs/10.1021/ja00400a009
http://pubs.acs.org/doi/abs/10.1021/j100710a022?journalCode=jpchax
http://pubs.acs.org/doi/abs/10.1021/j100710a022?journalCode=jpchax
http://www.ncbi.nlm.nih.gov/pubmed/10064846
http://www.ncbi.nlm.nih.gov/pubmed/10064846
http://www.ncbi.nlm.nih.gov/pubmed/10064846
http://journals.aps.org/prb/abstract/10.1103/PhysRevB.47.558
http://journals.aps.org/prb/abstract/10.1103/PhysRevB.47.558
http://journals.aps.org/prb/abstract/10.1103/PhysRevB.59.1758
http://journals.aps.org/prb/abstract/10.1103/PhysRevB.59.1758

	Title
	Abstract
	Introduction
	Calculation Details
	Calculation Results
	Conclusion
	References
	Figure 1
	Figure 2

