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The one-electron oxidation of DNA occurs during photoirradia- Table 1. Decay Lifetime of NDI*~ and Consumption of G in the
. . age . a
tion in the presence of photosensitizers and has been extensively”hotosensitized Damaging of ODNs

studied because it leads to the formation of oxidative lesions that ODNs sequence 7 (us)° =G (%)
causes carcinogenesis and adifig?hotosensitized DNA damage NDO SNDI-CGCGCTTTTT <0.005 <0.1
has also received attention from a therapeutic point of view, since SGCGCGAAAAA
DNA is one of the potential targets of photodynamic ther&ppe ND1 ZNglc—c;rggCGCTTTT <0.005 <0.1

i diati i . ; A AAAA
ph9t0|rrad|at|on clnf. DNA-bound sgnsngrs producgs the radical ND2 SND| —TTCGCGCTTT <0.005 <01
anion of the sensitizer ¢S and radical cation of guanine (G as 3AAGCGCGAAA
the charge-separated state through photoinduced electron transfer. ND3 SNDI-TTTCGCGCTT  0.24 0.36
The efficiency of the photoinduced one-electron oxidation of DNA SAAAGCGCGAA
is seemingly low since the charge recombination rate is usually ND4 ZEEL;E?&ESXGCT 0.20(48), 7.1 (52) 2.6
much faster than _the process Ieadlr;g]?to the DNA strand cleavage, ND5 SNDI—TTTTTCGCGC 6.0 (31), 60 (69) 10
such as the reaction of*Gwith water>~’ However, the photosen- 3IAAAAAGCGCG
sitized DNA damage does occtiRecently, we reported the kinetics NDG SNDI-TCTTTTGCGC <0.005 15
of hole transfer in DNA by the adenine(A)-hopping mechanism ¥AGAAAACGCG

and the weak distance dependent hole transfer with hole transfer
a Laser flash photolysis was carried out in an aqueous solution containing

—1 i 9,10
rates faster than £6™" over the distance range of—?Z AS1t . 40uM ODN (strand concentration) and 20 mM pH 7.0 Na phosphate buffer.
was suggested that a hole transfer by the A-hopping mechanisme The decay lifetime of NDI (pre-exponential)® ODNs were photoirra-

may help to separate the hole ard 8uring the photosensitized  diated with 355 nm laser (1.6 mJ put8e1500 pulses, total irradiated energy
one-electron oxidation of DNA, providing a sufficiently long time ~ ©f 2.4 J) and digested with snake venom phosphodiesterase/nuclease P1/
for G+ and S t t with wat H to clarify the effect alkaline phosphatase t6-8eoxymononucleosides. The consumption of G

or an o react with water or @ Here, _0 clarify the effec s was quantified by HPLC using A as an internal standard.

of the hole transfer on the DNA damage during the photosensitized

one-electron oxidation of DNA, the laser flash photolysis (LFP) ne increasing distance between NDI and Gs, i.e., the charge

and HPLC analysis of naphthaldiimide (NDI)-modified oligode-  ecombination process is strongly distance-dependent. These results

oxynucleotides (ODNs) were performed. The combination of a 5.6 consistent with the charge separation by the A-hopping and
transient absorption measurem_ent and DNA damage quantlflcatloncharge recombination by the superexchange mechanism as previ-
clearly demonstrated that the yield of the DNA damage correlates ously reported:18-22 The charge-separation yield is small at about

well with t_he lifetime of the charg_e-separated state during the 2%?° because of the fast charge recombination from the contact
phlc\)ltgf\?vgssltszeelgc(zgg:sl,e:trggtg;(grjwztilt?zl:)lfntgc’:éllﬁ:ﬁe* can oxidize radical ion pai® Therefore, the charge-separated state is generated
A to promote hole tranl?sfer by the A-hooping mechanism to by occasional escape from the charge recombination by the hole

P y pping shift process. However, once a hole escapes from the Coulombic

eventually yield G".10-14 Several ODNs with different distances . T . -

between the NDI and Gs with intervening, Aequences (NDn) |nter2ct|9nn,1;tleff|0|$ntly :(mgrgtef tigqugtu DNA by the At;hg/splng

were synthesizetf;'>and the effect of the hole transfer on the DNA mechanism.-insertion ot a sing’'e & n e,Asequence etween
NDI and Gs significantly diminished the transient absorption of

damage was investigated (Table 1). The excitation of NDI-modified N - g
ODN with the 355-nm laser (5 ns, 5 mJ puéeproduced the NDI~ NP!I”” (NDG) since the inserted G serves as a hole trap on the
radical anion (NDT) and ODN* charge-separated state through hole shift process, causing inhibition of consecutive A-hopping in

the photoinduced electron transfer, and the charge separation andVNich & hole migrates to G4:2°
recombination process were examined by monitoring the formation 10 investigate the effect of the hole transfer on the DNA damage

and decay of NDF, as shown in Figure 1. In the case of NDm ( during the photosensitized one-electron oxidation of DNA, NDn
= 0—2) where Gs are near the NDI, no transient absorption was Was photoirradiated and the consumption of G was quantified by
observed due to the fast charge separation and charge recombinatiohlPLC (Table 1). Interestingly, the consumption of G increased with
which proceed within the laser flash duration of 5 ns. In NP the increasing distance between NDI and Gs. In the case of NDG,
3-5) where the Gs are separated from NDI by more than three Where most of the generated holes recombine within the laser
base pairs, the formation of the transient absorption with a duration because of the inserted G in the gequence, the
maximum peak at 495 nm was observed immediately after the flash consumption of G was small even though the remaining Gs are
excitation, which was assigned to NDI%17 The yield of the located far from NDP® Thus, not the distance between the NDI
formed NDF~ was similar for NDn § = 3—5). In contrast, the and Gs, but the lifetime of the charge-separated state determines
lifetime of the charge-separated state significantly increased with the efficiency of the DNA damage. In other words, the yield of the
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Figure 1. Time profiles of the transient absorption of NDimonitored at
495 nm during the 355-nm laser flash photolysis of Ar-saturated aqueous
solution of NDI-modified ODNs: ND2 (orange), ND3 (red), ND4 (green),
ND5 (blue), and NDG (black). On the time scales of (a) 0 ta:8@&nd (b)

0 to 1 us. The inset shows the transient absorption spectrum of NDI
obtained at 100 ns after 355-nm flash excitation of ND3.

0.8 1.0

DNA damage increases with the increase in the lifetime of the
charge-separated state.

In summary, the combination of the transient absorption mea-
surement and DNA damage quantification provides the data for
the effects of the hole transfer on the DNA damaged during the
photosensitized one-electron oxidation of DNA. For the photosen-
sitizers, which can only oxidize G, the close distance between the
photosensitizer and G is crucial for efficient DNA dam&gé.in
contrast, in the case of photosensitizers, which can also oxidize A
to promote the hole transfer by the A-hopping mechanism, the

shorter distance between the phosensitizer and G is not necessary

for efficient DNA damage. This is also true in the case of Schuster’s

the photosensitzed one-electron oxidation of DNA, providing a
sufficiently long time for G and S~ to react with water or @
avoiding the charge recombination, and making the reaction
irreversible.
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