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5-(PHENYLTHIOMETHYL)-2′-DEOXYURIDINE
AS AN EFFICIENT PHOTOREACTIVE

PRECURSOR TO GENERATE SINGLE AND
MULTIPLE LESIONS WITHIN DNA FRAGMENTS

Sophie Bellon, Didier Gasparutto, Anthony Romieu,
and Jean Cadet∗

Laboratoire des Lésions des Acides Nucléiques Service de Chimie
Inorganique et Biologique, UMR 5046,

Département de Recherche Fondamentale sur la Matière Condensée,
CEA-Grenoble F-38054 Grenoble Cedex 9, France

ABSTRACT

5-(Phenylthiomethyl)-2′-deoxyuridine was successfully incorporated into DNA
oligomers by automated DNA synthesis using phosphoramidite chemistry. UV
exposure of the latter thionucleoside containing oligonucleotides under anaero-
bic and aerobic conditions gives rise to specific base lesions. The photoproducts
have been isolated and further characterized on the basis of NMR and mass
spectrometric analyses.

During the last few years, many efforts have been devoted to the synthesis of
oligodeoxynucleotides (ODNs) that contained photoreactive precursors of radical
intermediates involved in the radiation-induced decomposition of purine and pyrim-
idine nucleic acid components (1). These modified DNA fragments are powerful
tools for mechanistic studies aimed at elucidating the role of individual nucleobase
and osidic reactive intermediates in the formation of nucleic acid lesions. Indeed,
the UV-mediated independant generation of a specific radical at a defined site in an
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ODN enables one to investigate the chemistry of this radical under conditions in
which other radicals derived from nucleosides are not formed. This approach offers
a distinct advantage over the use of ionizing radiation that gives rise to multiple
reactive intermediates.

In order to investigate the reactivity of the 5-(2′-deoxyuridilyl)methyl radical
2 in DNA oligomers, we have developed a similar methodology by synthesizing
5-(phenylthiomethyl)-2′-deoxyuridine 1, a specific photoprecursor of radical 2 de-
rived from thymidine. Radical 2 is one of the main reactive radiation-induced and
type-I photosensitized decomposition intermediates of thymidine (2,3). It results
from either OH-mediated hydrogen atom abstraction from the 5-methyl group or
deprotonation of the radical cation intermediate produced by photosensitizers op-
erating through type I mechanism. Subsequent reaction with oxygen leads to the
related hydroperoxide which decomposes into 5-(hydroxymethyl)-2′-deoxyuridine
(dHMU) and 5-formyl-2′-deoxyuridine (dFU). Furthermore, the exocyclic radical is
suspected to interact with neighboring guanines, resulting in the formation of DNA
lesions as two adjacent modified bases (“tandem DNA lesions”) (4,5).

With the aim to further substantiate the latter mechanistic pathways, thionu-
cleoside 1 was site-specifically incorporated into several DNA oligomers using
both phosphotriester and phosphoramidite chemistry (6). Then, radical 2 was gen-
erated by UV-C irradiation (λmax = 254 nm) under both aerobic and anaero-
bic conditions (Scheme 1). The isolation and the characterization of single and
multiple DNA damage induced via 5-(2′-deoxyuridilyl)methyl radical have been
performed.

When 2-mer [5′-d(PhSUG)-3′] 3 is UV-irradiated under aerobic conditions,
high yields of [5′-d(HMUG)-3′] 4 and [5′-d(FUG)-3′] 5 are obtained. Structural in-
sights into the modified dinucleoside monophosphates 4 and 5 were gained from
ESI-MS measurements and enzymatic digestion after reversed-phase HPLC purifi-
cation. Similar results were obtained with other dPhSU containing DNA sequences.
Altogether, these results suggest that 5-(2′-deoxyuridilyl)methyl radical 2 is formed
in a high yield and trapped efficiently by oxygen when 1 is UV-irradiated within
these biopolymers.

Thereafter, photolysis of 3 in deaerated aqueous solution resulted in the for-
mation of [5′-d(TG)-3′] as the major compound. This photoproduct is likely to
arise from the trapping of 2 by thiophenol, an hydrogen atom donor, produced dur-
ing photoirradiation. Furthermore, other products which illustrate the reactivity of
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Scheme 1. Generation of 2 by UV-C photolysis of the thionucleoside 1.
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5-(2′-deoxyuridilyl)methyl radical under anaerobic conditions, have been detected
in the crude photolysate.

The most polar compound was isolated in 12% yield and subjected to mass
spectrometry measurements. The molecular weight of 569.4 is in agreement with the
calculated mass of 569.4 for the thymine-guanine tandem lesion [5′-d(TMeC8G)-3′]
6 which has a covalent bond between the methyl carbon atom of thymine and the
C-8 carbon atom of guanine.

The structure of the vicinal DNA lesion 6 was confirmed using tandem mass
spectrometry (ESI-MS/MS) which allows the determination of the fragmentation
pattern of the molecule (Fig. 1). Thus, a characteristic 568 ⇒ 470 transition which
results from the loss of the sugar residue at the 5′-end of the dinucleoside monophos-
phate 6 was observed in the MS/MS spectra obtained in the negative mode. In the
latter fragmentation, the thymine remains covalently attached through the methy-
lene bridge. The 1H NMR spectrum of 6 collected from HPLC runs unambigu-
ously confirms the assigned structure of 6. The resistance of the latter adduct to
enzymatic digestion by several endo- and exonucleases, namely nuclease P1, calf
spleen phosphodiesterase and snake venom phosphodiesterase, was investigated
as previously described (7–9). No hydrolysis of the phosphodiester bond was ob-
served under the three enzymatic degradation conditions used as inferred from
RP-HPLC and mass spectrometry analyses of the reaction mixtures. Thus, under
anoxic conditions, 5-(2′-deoxyuridilyl)methyl radical can react with adjacent gua-
nine base to give [5′-d(TMeC8G)-3′]. Moreover, it should be added that similar results
have been obtained by UV-C irradiation of the opposite sequence [5′-d(GUSPh)-3′],
which gives rise to the formation of the [5′-d(GC8MeT)-3′] tandem lesion in a high
yield.

In conclusion, the present studies demonstrated that 5-(phenylthiomethyl)-
2′-deoxyuridine is an efficient photolabile precursor of 5-(2′-deoxyuridilyl)methyl
radical within DNA oligomers. Work is in progress to generate 6 and other “tan-
dem DNA lesions” in longer ODNs which will be suitable for studies aimed
at determining both the biochemical (mutagenesis, repair) and conformational
features of the latter damage. In addition, availability of such modified substrates
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Figure1. ESI-MS (A) and ESI-MS/MS (B) spectra (in the negative mode) of the modified dinucle-
oside monophosphate 6.

will facilitate the development and the optimization of HPLC-MS/MS assay for
monitoring the formation of these vicinal lesions within isolated and cellular
oxidized DNA.
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