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Abstract
Introduction
Recently, it was revealed that uric acid is a photosensitizer of reactions of nucleosides on irradiation with UV light at wavelengths longer than 300 nm, and two products generated from 2′-deoxycytidine were identified. In the present study, UV reactions of acetylated derivatives of 2′-deoxyguansoine and 2′-deoxyadenosine were conducted and their products were identified.

Findings
Each reaction of 3′,5′-di-O-acetyl-2′-deoxyguansoine or 3′,5′-di-O-acetyl-2′-deoxyadenosine with UV light at wavelengths longer than 300 nm in the presence of uric acid generated several products. The products were separated by HPLC and identified by comparing UV and MS spectra of the products with previously reported values. The major products were spiroiminodihydantoin, imidazolone, and dehydro-iminoallantoin nucleosides for 3′,5′-di-O-acetyl-2′-deoxyguansoine, and an adenine base and a formamidopyrimidine nucleoside for 3′,5′-di-O-acetyl-2′-deoxyadenosine.

Conclusions
If these damages caused by uric acid with sunlight occur in DNA of skin cells, mutations may arise. We should pay attention to the genotoxicity of uric acid in terms of DNA damage to dGuo and dAdo sites mediated by sunlight.
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Abbreviations
	AcdGuo
	3′,5′-di-O-acetyl-2′-deoxyguanosine

	AcdAdo
	3′,5′-di-O-acetyl-2′-deoxyadenosine

	AcdSph
	3′,5′-di-O-acetyl derivative of spiroiminodihydantoin deoxyribonucleoside

	AcdOz
	3′,5′-di-O-acetyl derivative of diamino-oxazolone deoxyribonucleoside

	AcdIz 
	3′,5′-di-O-acetyl derivative of amino-imidazolone deoxyribonucleoside

	AcdIaox
                           
	3′,5′-di-O-acetyl derivative of dehydro-iminoallantoin deoxyribonucleoside

	8-oxo-AcdGuo
	3′,5′-di-O-acetyl derivative of 7,8-dihydro-8-oxo-2′-deoxyguanosine

	Ade
	adenine

	Fapy-AcdAdo
	3′,5′-di-O-acetyl derivative of formamidopyrimidine deoxyribonucleoside

	5′,8-cyclo-AcdAdo
	3′,5′-di-O-acetyl derivative of 5′,8-cyclo-2′-deoxyadenosine

	5′-deoxy-5′,8-cyclo-AcdAdo
	3′-O-acetyl derivative of 5′-deoxy-5′,8-cyclo-2′-deoxyadenosine

	8-oxo-AcdAdo
	3′,5′-di-O-acetyl derivative of 7,8-dihydro-8-oxo-2′-deoxyadenosine




Introduction
Since uric acid is the final metabolic product of purine catabolism in humans, it exists ubiquitously in various cells and body fluids at relatively high concentrations [1, 2]. Uric acid is an important antioxidant in humans [3]. However, it can also act as a pro-oxidant inducing oxidative stress of cells [4, 5]. It has been reported that uric acid in cultured mouse skin cells is increased by UV irradiation, and that uric acid on the human skin surface is increased by sunlight exposure [6, 7]. An epidemiological cancer study reported that the incidence of non-melanoma skin cancer showed a positive association with the serum uric acid concentration [8]. Recently, we showed that uric acid is a photosensitizer of reactions of nucleosides on irradiation with UV light at wavelengths longer than 300 nm [9]. The reactions of nucleosides were suppressed by radical scavengers. Two products from 2′-deoxycytidine (dCyd) were separated by reversed phase (RP) HPLC and identified by MS and NMR as N4-hydroxy-2′-deoxycytidine and N4,5-cyclic amide-2′-deoxycytidine, formed by cycloaddition of an amide group from uric acid. The results using 15N-labeled uric acid indicated that the amide group added to dCyd originates from both the five-membered imidazole ring and six-membered pyrimidine ring of uric acid, suggesting that an unidentified radical derived from uric acid with a delocalized unpaired electron is generated. To obtain information about reaction products of nucleosides other than dCyd, we analyzed the reaction solutions of 2′-deoxyguanosine (dGuo) and 2′-deoxyadenosine (dAdo) irradiated with UV light in the presence of uric acid. However, we failed to obtain product peaks with a good resolution on RP-HPLC. Thus, acetylated derivatives of dGuo (3′,5′-di-O-acetyl-2′-deoxyguanosine; AcdGuo) and dAdo (3′,5′-di-O-acetyl-2′-deoxyadenosine; AcdAdo) were prepared and used for analysis of the UV irradiation reaction to improve the retention and separation of the products by RP-HPLC. In the present study, we show identification and quantification of the products from AcdGuo and AcdAdo by UV irradiation in the presence of uric acid.
Materials and methods
Materials
dGuo, dAdo, and uric acid were purchased from Sigma-Aldrich (MO, USA). Other chemicals were obtained from Sigma-Aldrich, Nacalai Tesque (Kyoto, Japan), and Tokyo Chemical Industry (Tokyo, Japan). Water was purified with a Millipore Milli-Q deionizer (MA, USA). AcdGuo and AcdAdo were synthesized from dGuo and dAdo, respectively, by acetylation using acetic anhydride as previously described [10]. AcdGuo and AcdAdo were purified by RP-HPLC.
Irradiation conditions
For UV light irradiation, UV light originating from a 250-W high-pressure mercury lamp (SP9-250UB, Ushio, Tokyo, Japan) with an optical filter through a light guide was used to directly irradiate the surface of a solution (1 mL) in a glass vial (12 mm i.d.) without a cap at 37 °C. Longpass filter LU0300 (cut-on 300 nm) (Asahi Spectra, Tokyo, Japan) was used as the optical filter. The intensity of radiation on the surface of the sample solution was measured with a photometer (UIT-150, Ushio, Tokyo, Japan) equipped with a sensor, UVD-S254 or UVD-S365. The intensities of the UV light were 0 mW/cm2 for 254 nm and 264 mW/cm2 for 365 nm.
HPLC and MS conditions
The HPLC system consisted of LC-10ADvp pumps and an SPD-M10Avp UV-Vis photodiode-array detector (Shimadzu, Kyoto, Japan). For the RP-HPLC, an Inertsil ODS-3 octadecylsilane column of size 4.6 × 250 mm and particle size of 5 μm (GL Sciences, Tokyo, Japan) was used. The eluent was 20 mM ammonium acetate (pH 7.0) containing acetonitrile. For AcdGuo, the acetonitrile concentration was increased from 0 to 30% over 45 min in linear gradient mode. For AcdAdo, the acetonitrile concentration was increased from 0 to 37.5% over 45 min in linear gradient mode. The column temperature was 40 °C and flow rate was 1 mL/min. The RP-HPLC chromatogram was detected at 200–500 nm. ESI-TOF/MS measurements were performed on a MicrOTOF spectrometer (Bruker, Bremen, Germany) in negative mode. The sample isolated by RP-HPLC was directly infused into the MS system by a syringe pump without a column.
Quantitative procedures
The concentrations of the products were evaluated according to integrated peak areas on RP-HPLC chromatograms detected at 245 nm and the ε245 nm value of each product, compared with the peak area of the standard solution of AcdGuo for the AcdGuo reactions or Ade for the AcdAdo reactions. The ε245 nm values were used as 12,400 M− 1 cm− 1 for AcdGuo and 8450 M− 1 cm− 1 for Ade. The used ε245 nm values of the products are indicated in Tables 1 and 2.
Table 1Characteristics of Products Formed by UV Irradiation of AcdGuo with Uric Acid


	Products
	tR (min)
	λmax (nm)
	m/z (negative)
	ε245 nm (M−1 cm− 1)a

	1. AcdSph (fast)
	25.2
	230 (shoulder)
	382
	5480

	2. AcdSph (slow)
	25.6
	230 (shoulder)
	382
	5480

	3. AcdOz
	28.7
	232
	329
	6000

	4. AcdIz
	30.9
	254, 320
	311
	20,500

	5. AcdIaox
	33.3
	236
	354
	12,840

	6. 8-oxo-AcdGuo
	37.6
	254, 295
	366
	15,560


aThe values of ε245 nm are those previously reported [10]


Table 2Characteristics of Products Formed by UV Irradiation of AcdAdo with Uric Acid


	Products
	tR (min)
	λmax (nm)
	m/z (negative)
	ε245 nm (M−1 cm−1)a

	7. Ade
	16.5
	260
	134
	8450

	8. Fapy-AcdAdo (fast)
	28.7
	259
	352
	2860

	9. Fapy-AcdAdo (slow)
	29.3
	259
	352
	2860

	10. 5′,8-cyclo-AcdAdo (fast)
	33.9
	274
	332
	8930

	11. 5′,8-cyclo-AcdAdo (slow)
	34.6
	274
	332
	6910

	12. 5′-deoxy-5′,8-cyclo -AcdAdo
	35.3
	264
	274
	9560

	13. 8-oxo-AcdAdo
	38.6
	212, 269
	350
	10,220


aThe values of ε245 nm were calculated from the reported ε values for the products of dAdo at λmax and their UV spectra obtained in the present study [11]



Results and discussion
Reaction of AcdGuo
A solution of 100 μM AcdGuo with 400 μM uric acid in 100 mM potassium phosphate buffer at pH 7.4 was irradiated with UV light from a high-pressure mercury lamp through a 300-nm longpass filter at a temperature of 37 °C for 10 min. The reaction mixture was analyzed by RP-HPLC equipped with a UV-Vis photodiode-array detector. As shown in Fig. 1, several product peaks appeared in addition to uric acid and its decomposition products, denoted by asterisks, and AcdGuo and its contaminants, denoted by crosses. Six products (Products 1–6) were isolated by RP-HPLC and subjected to MS analysis. The products were identified on the basis of the similarity of their UV and MS spectra with reported values using a reaction system of AcdGuo with hypobromous acid [12]. Table 1 summarizes the characteristics of Products 1–6. Products 1 and 2 were identified as diastereomers of a 3′,5′-di-O-acetyl derivative of spiroiminodihydantoin deoxyribonucleoside (AcdSph). Product 3 was a 3′,5′-di-O-acetyl derivative of diamino-oxazolone deoxyribonucleoside (AcdOz). Product 4 was a 3′,5′-di-O-acetyl derivative of amino-imidazolone deoxyribonucleoside (AcdIz). Product 5 was a 3′,5′-di-O-acetyl derivative of dehydro-iminoallantoin deoxyribonucleoside (AcdIaox). Product 6 was a 3′,5′-di-O-acetyl derivative of 7,8-dihydro-8-oxo-2′-deoxyguanosine (8-oxo-AcdGuo). Authentic guanine (Gua) was eluted with the RP-HPLC retention time of 12.0 min as a broadened peak. The concentration of Gua in the present reaction solution could not determined due to overlapping of a peak of a decomposition product of uric acid. The structures of the reaction products from AcdGuo are shown in Fig. 2.
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Fig. 1RP-HPLC chromatogram of a reaction mixture of AcdGuo with uric acid detected at 245 nm. A solution of 100 μM AcdGuo and 400 μM uric acid was irradiated with UV through a 300-nm longpass filter in 100 mM potassium phosphate buffer at pH 7.4 and 37 °C for 10 min. The HPLC system consisted of LC-10ADvp pumps and an SPD-M10Avp UV-Vis photodiode-array detector (Shimadzu, Kyoto, Japan). For RP-HPLC, an Inertsil ODS-3 octadecylsilane column of size 4.6 × 250 mm and particle size of 5 μm (GL Sciences, Tokyo, Japan) was used. The eluent was 20 mM ammonium acetate (pH 7.0) containing acetonitrile. The acetonitrile concentration was increased from 0 to 30% over 45 min in linear gradient mode. The column temperature was 40 °C and flow rate was 1 mL/min
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Fig. 2The reaction products from AcdGuo by UV irradiation in the presence of uric acid


Uric acid dose-dependent changes in the reaction of AcdGuo with UV light were examined. A solution of 100 μM AcdGuo with 0–400 μM uric acid in 100 mM potassium phosphate buffer at pH 7.4 was irradiated with UV light from a high-pressure mercury lamp through a 300-nm longpass filter at a temperature of 37 °C for 10 min. The product concentrations were determined from the absorbance area of HPLC detected at 245 nm using their reported molar extinction coefficients [12]. Figure 3A shows the changes in concentrations of the products. At 0 μM uric acid, no product was detected. At around 100 μM uric acid, concentrations of all products other than 8-oxo-AcdGuo were maximal, while the concentration of 8-oxo-AcdGuo increased with an increasing uric acid concentration up to 400 μM. Over the uric acid concentration range examined, the major products were AcdSph, AcdIz, and AcdIaox with comparable yields. Figure 3B shows the AcdGuo concentration and total concentration of all six products. At 0 μM uric acid, no consumption of AcdGuo was observed. At 100 μM uric acid, the consumption of AcdGuo and total yield of the products were maximal. Over the uric acid concentration range examined, the total yield of all products was approximately one-third of the consumption of AcdGuo, suggesting that further reactions of the products or other reactions without these products occur. Irradiation time-dependent changes in the reaction of AcdGuo with UV light were examined. A solution of 100 μM AcdGuo with 400 μM uric acid in 100 mM potassium phosphate buffer at pH 7.4 was irradiated with UV light at a temperature of 37 °C for 0–30 min. Figure 3C shows the changes in concentrations of the products. When the solution was incubation at 37 °C for 10 min without UV irradiation, no product was detected. At 5 min UV irradiation, the major products were AcdIz and AcdIaox. At 15–30 min, the main product was AcdSph. The concentration of 8-oxo-AcdGuo was maximal at 5 min, then decreased, with an intermediate kinetics profile. It has been reported that spirohydantoin nucleoside (dSph) is generated as a two-step oxidation product of dGuo via 8-oxo-dGuo [13]. In the present system, AcdSph should also lead to further oxidation of 8-oxo-AcdGuo. Reportedly AcdIaox is generated as a three-step oxidation product of dGuo [14]. Since AcdIaox was one of the major products in the present reaction, the reaction rates of these three-steps of oxidation should be relatively high. On the other hand, imidazolone nucleoside (dIz) is generated by oxidation of dGuo and subsequent degradations without 7,8-dihydro-8-oxo-2′-deoxyguanosine (8-oxo-dGuo) [15]. dIz is not stable, converting to stable oxazolone nucleoside (dOz) with a half-life of 2.5 h at 37 °C in a neutral solution at pH 7 [16]. The present results showing a gradual increase in the AcdOz concentration with an increase in the irradiation time and decrease of AcdIz at 20–30 min would be explainable by the instability of AcdIz. Figure 3D shows the AcdGuo concentration and total concentration of all products. The consumption of AcdGuo increased in a time-dependent manner. Although the total concentration of products increased with an increasing irradiation time, the change at 15–30 min was slight, suggesting that further reactions occur involving the products.
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Fig. 3Uric acid dose-dependence and time-course of the concentration changes of AcdGuo reaction products. Uric acid dose-dependence of the concentration changes of (a) each product and (b) AcdGuo and total products, when a solution of 100 μM AcdGuo with 0–400 μM uric acid was irradiated with UV light through a 300-nm longpass filter for 10 min at pH 7.4 and 37 °C. Time-course of the concentration changes of (c) each product and (d) AcdGuo and total products, when a solution of 100 μM AcdGuo with 400 μM uric acid was irradiated with UV light through a 300-nm longpass filter for 0–30 min at pH 7.4 and 37 °C. AcdSph (1 and 2) (closed circle), AcdOz (3) (closed square), AcdIz (4) (closed rhombus), AcdIaox (5) (open circle), 8-oxo-AcdGuo (6) (open square), AcdGuo (closed triangle), and the total concentration of Products 1–6 (open triangle). All reaction mixtures were analyzed by RP-HPLC. Means ± standard deviation (S.D.) (n = 3) are presented


Mutations caused by the sites of some of these products generated in DNA have been reported as follows: dSph in an oligonucleotide strongly blocks nucleotide incorporation by DNA polymerases, and causes both G to T and G to C transversion mutations when duplication occurs over this lesion [17]. In vitro nucleotide insertion by Klenow fragment exo− opposite dOz in an oligonucleoside induces mainly dAMP incorporation, suggesting that the formation of dOz in DNA may cause G to T transversion [18]. For 8-oxo-dGuo, dCMP and dAMP are incorporated opposite 8-oxo-dGuo in an oligonucleotide by DNA polymerases [11]. When dAMP is incorporated, G to T transversion mutation occurs.
Reaction of AcdAdo
A solution of 100 μM AcdAdo with 400 μM uric acid in 100 mM potassium phosphate buffer at pH 7.4 was irradiated with UV light through a 300-nm longpass filter at a temperature of 37 °C for 10 min. The reaction mixture was analyzed by RP-HPLC. As shown in Fig. 4, several product peaks appeared in addition to uric acid and its decomposition products, denoted by asterisks, and AcdAdo and its contaminants, denoted by crosses. Seven products (Products 7–13) were isolated by RP-HPLC and subjected to MS analysis. The products were identified on the basis of coincidence of their UV and MS spectra with corresponding reported values using a reaction system of dAdo with the Fenton system [19]. Table 2 summarizes the characteristics of Products 7–13. Product 7 was identified as adenine (Ade). Products 8 and 9 were diastereomers of a 3′,5′-di-O-acetyl derivative of formamidopyrimidine deoxyribonucleoside (Fapy-AcdAdo). Products 10 and 11 were diastereomers of a 3′,5′-di-O-acetyl derivative of 5′,8-cyclo-2′-deoxyadenosine (5′,8-cyclo-AcdAdo). Product 12 was a 3′-O-acetyl derivative of 5′-deoxy-5′,8-cyclo-2′-deoxyadenosine (5′-deoxy-5′,8-cyclo-AcdAdo). Product 13 was a 3′,5′-di-O-acetyl derivative of 7,8-dihydro-8-oxo-2′-deoxyadenosine (8-oxo-AcdAdo). The structures of the reaction products from AcdAdo are shown in Fig. 5.
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Fig. 4RP-HPLC chromatogram of a reaction mixture of AcdAdo with uric acid detected at 245 nm. A solution of 100 μM AcdAdo and 400 μM uric acid was irradiated with UV through a 300-nm longpass filter in 100 mM potassium phosphate buffer at pH 7.4 and 37 °C for 10 min. The HPLC conditions were the same as shown in Fig. 1 excluding the acetonitrile concentration. The acetonitrile concentration was increased from 0 to 37.5% over 45 min in linear gradient mode
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Fig. 5The reaction products from AcdAdo by UV irradiation in the presence of uric acid


Uric acid dose-dependent changes in the reaction of AcdAdo with UV light were examined. A solution of 100 μM AcdAdo with 0–400 μM uric acid in 100 mM potassium phosphate buffer at pH 7.4 was irradiated with UV light at a temperature of 37 °C for 10 min. The product concentrations were determined from the absorbance area of HPLC detected at 245 nm using their molar extinction coefficients, which were calculated from the reported values at λmax for corresponding products of dAdo and UV spectra of the products of AcdAdo obtained in the present study [19]. Figure 6A shows the changes in concentrations of the products. At 0 μM uric acid, no product was detected. At 5–300 μM uric acid, the main product was Ade. At above 300 μM uric acid, the concentration of Fapy-AcdAdo markedly increased. At 400 μM uric acid, the main product was Fapy-AcdAdo. The concentration of 8-oxo-AcdAdo was almost constant at 50–400 μM uric acid. Reportedly, formamidopyrimidine deoxyribonucleoside (Fapy-dAdo) and 7,8-dihydro-8-oxo-2′-deoxyadenosine (8-oxo-dAdo) are generated from a common radical intermediate formed from dAdo by oxidative stress via subsequent reduction and oxidation, respectively [20, 21]. In the present study, the reduction reaction generating Fapy-AcdAdo may become dominant in the presence of a higher concentration of uric acid. Figure 6B shows the AcdAdo concentration and total concentration of Products 7–13. At 0 μM uric acid, no consumption of AcdAdo was observed. The consumption of AcdAdo increased up to 100 μM uric acid, and then decreased moderately. The total generation of the products was approximately one-seventh of the consumption of AcdAdo at 100 μM uric acid and one-half at 400 μM uric acid, suggesting that further reactions involving the products or other reactions without these products occur, especially at around 100 μM uric acid. Irradiation time-dependent changes in the reaction of AcdAdo with UV light were examined. A solution of 100 μM AcdAdo with 400 μM uric acid in 100 mM potassium phosphate buffer at pH 7.4 was irradiated with UV light at a temperature of 37 °C for 0–30 min. Figure 6C shows the changes in concentrations of the products. When the solution was incubation at 37 °C for 10 min without UV irradiation, no product was detected. At up to 10 min UV irradiation, the main product was Fapy-AcdAdo. At 15–30 min, the concentration of Fapy-AcdAdo markedly decreased, suggesting that further reactions occur involving Fapy-AcdAdo. At 15–30 min, the main product was Ade. Figure 6D shows the AcdAdo concentration and total concentration of Products 7–13. The consumption of AcdAdo increased in a time-dependent manner, although the total generation of the products was maximal at 10 min and decreased gradually up to 30 min.
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Fig. 6Uric acid dose-dependence and time-course of the concentration changes of AcdAdo reaction products. Uric acid dose-dependence of the concentration changes of (a) each product and (b) AcdAdo and total products, when a solution of 100 μM AcdAdo with 0–400 μM uric acid was irradiated with UV light through a 300-nm longpass filter for 10 min at pH 7.4 and 37 °C. Time-course of the concentration changes of (c) each product and (d) AcdAdo and total products, when a solution of 100 μM AcdAdo with 400 μM uric acid was irradiated with UV light through a 300-nm longpass filter for 0–30 min at pH 7.4 and 37 °C. Ade (7) (closed circle), Fapy-AcdAdo (8 and 9) (closed triangle), 5′,8-cyclo-AcdAdo (10 and 11) (closed square), 5′-deoxy-5′,8-cyclo-AcdAdo (12) (open circle), 8-oxo-AcdAdo (open triangle), AcdAdo (closed rhombus), total concentration of Products 7–13 (open rhombus). All the reaction mixtures were analyzed by RP-HPLC. Means ± standard deviation (S.D.) (n = 3) are presented


Mutations caused by the sites of some of these products generated in DNA have been reported as follows: In vitro nucleotide insertion by the Klenow fragment exo− opposite Fapy-dAdo in an oligonucleoside induces mainly dTMP incorporation, although the frequency is one-fourth that of the native dAdo in the template [21]. The frequency of misincorporation of dAMP and dGMP opposite Fapy-dAdo was 50% greater than that opposite native dAdo, suggesting increasing rates of A to T and A to C transversion mutation. For 8-oxo-dAdo, human DNA polymerase η proficiently incorporated dGMP opposite 8-oxo-dAdo, suggesting an increase of A to C transversion mutation [22]. The release of Ade base from DNA is caused via abstraction of various hydrogen atoms of deoxyribose by radicals with or without a single strand break [23, 24]. In the absence of a single strand break, an abasic site is generated in DNA. In vitro DNA synthesis by human DNA polymerase ε is strongly blocked at the abasic site analog [25]. In living cells, various mutations are induced by abasic sites [26, 27].
Reaction mechanism
Photosensitization includes many different prosesses such as energy transfer, electron transfer, hydrogen atom abstraction, singet oxygen formation, and radical formation [28, 29]. Recently we showed that uric acid is a photosensitzer on the reaction of nucleosides, dCyd, dGuo, dAdo, and thymidine, by UV light with wavelengths longer than 300 nm [9]. These reactions were inhibited by the addition of radical scavengers, ethanol and sodium azide. For the reaction of dCyd, N4,5-cyclic amide-2′-deoxycytidine was formed by cycloaddition of an amide group from uric acid. When a 15N-labeled uric acid, having two 14N and two 15N atoms in the molecule, was used, N4,5-cyclic amide-2′-deoxycytidine containing both 14N and 15N atoms was generated. Singlet oxygen, hydroxyl radical, peroxynitrous acid, hypochlorous acid, and hypobromous acid did not generate N4,5-cyclic amide-2′-deoxycytidine in the presence of uric acid. These results suggest that an unidentified radical derived from uric acid with a delocalized unpaired electron is generated. All the identified products formed from acetylated dGuo and dAdo in the present UV irradiation study had already been reported in the reaction with reactive free radicals and oxidants [12, 19, 29]. It has also been reported that hydrogen atom abstraction on the sugar moiety of nucleosides induces release of the base and crosslinking between the sugar and the base, and that it on the base moiety of nucleosides induces various products having modified bases [29]. A possible reaction mechanism for the present UV reaction of AcdGuo and AcdAdo with uric acid is as follows: The radical derived from uric acid by UV irradiation induces hydrogen atom abstraction from AcdGuo and AcdAdo. When hydrogen atom abstraction from the deoxyribose moiety of AcdAdo occurs, Ade, 5′,8-cyclo-AcdAdo, and 5′-deoxy-5′,8-cyclo-AcdAdo are generated. On the other hand, when hydrogen atom is abstracted from the base moieties of AcdGuo and AcdAdo, the other products are generated. Further studies are needed to reveal the detailed reaction mechanism.
Conclusions
The present study showed that in the presence of uric acid, a photosensitizer, AcdGuo and AcdAdo were decomposed by UV light at wavelengths longer than 300 nm. Several products generated in AcdGuo and AcdAdo reactions were identified. All the identified products were previously reported as products caused by reactive oxygen species. Unlike the reaction of dCyd, products generated by the addition of a part of uric acid were not detected. Reportedly, several of these products generated in DNA induce mutation. If this DNA damage caused by uric acid with sunlight occurs in skin cells, mutations may arise. We should pay attention to the genotoxicity of uric acid in terms of DNA damage to dGuo and dAdo sites mediated by sunlight.
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