JIAIC[S

COMMUNICATIONS

Published on Web 08/04/2006

Rapid Long-Distance Hole Transfer through Consecutive Adenine Sequence
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Charge transfer through the DN#&stack has been the focus of ~ Scheme 1. Mechanistic Scheme of Long-Distance Hole Transfer
considerable interest because of its potential importance to DNA through Consecutive A Bases via an A-Hopping Process

oxidative damage, its application to DNA-based sensors, and the N Hole i”je;t_fgppmg

general interest in understanding electron-transfer chemistry through N \ 2 22 A
s-stacked arrays? Recent kinetic investigations based on the time- (365 1) |/ arge recombination . i—’.-\\ ...... G
resolved measurements and biochemical analysis have shown that =Pz

- . Nl =
a hole can migrate over long distances along a DiAtack:34

but hole transfer does not occur rapidly although the rates are

sequence-dependenthis is because a long-range hole transfer

proceeds mainly via hopping between neighboring G bases (G-

hopping) through a superexchange type of mechafiSmfar, the

rate of G-hopping in a GAG sequence, which is the fastest sequence _— ) )

for sinale-step hole transfer. is determined to b&-1If s-147 In Table 1. DNA Sequences, Hole Injection Yields (®iy), and Ratios
_ 9 p ¢ ’ A : of Absorption Monitored at 400 and 520 nm after the Laser Flash

this process, a hole is largely localized on each G base, and theExcitation

electronic state of each G is not strongly coupled with another

. ) . . . . Dip? Ay AAse”
neighboring G because intervening AT base pairs behave like a  pya sequence %) %)
potential barrier which originate from the difference in oxidation N-AP NI-Arg GGA-3 0.64+ 005 36+ 3
potential between G and A, = 1.29 V vs NHE for G, and 1.42 3-T1CCT-PTZ
V for A).8 Since each hopping step is a slower process, hole transfer N-A;sP NI-A;5-GGA-3 0.47+ 0.07 31+ 5
over long distances>100 A) through G-hopping occurs in the 3-T15CCT-PTZ
micro- to millisecond time sca®This slower G-hopping process ~ N-AxP NI-A2c GGA-3 0.40+0.04 27£3
for hole transport as compared with conjugated polyfmaay limit N-AsP ?\IITXZ;C&IAP;Z 0.364+ 0.08 204 1
the application of DNA as a molecular wire. In this context, it is 3-T-CCT-PTZ
essential to develop the concept to construct the rapid and efficient N-Azx-P NI-Az-GGA-3 0.344 0.06 31+ 3
hole transport system on DNA. 3-T3-CCT-PTZ

Recently, it has been suggested by Giese et al. that the hole N-ATioP g'”(_-r(,AA\)T)lggséfz 0.12+0.03 39+8
transfer occurs via thermally induced hopping of positive charges VAT -
between A bases (A-hopping) when two G sites are separated by N-eeP ;\HT?C%GTQA%ECT;';‘SEZ 0722008 1oes
more than four AT base pait8. Furthermore, recent kinetic N-Am-P NI-A1-A-Ag-GGA-3 0.50+ 0.03 21+ 2
investigations for A-hopping carried out in our laboratory have 3-T10A-Tg-CCT-PTZ
shown that the hole transfer via A-hopping is weakly distance N-Azo gf"_l'_AZO'C%C_;I_A'g 0.37+0.06 18+4

=120

dependent and each A-hopping occurs faster thahstf13 These
characteristics of the A-hopping process may serve to establish the a Quantum yields of hole injection obtained from the absorption of NI
efficient and rapid hole transfer in DNA over long distances. Here, monitored at 400 nm by using benzophenone in the triplet state as an

we report the rapid and efficient long-distance hole transfer through actinometer® Ratios in the transient absorption at 400 nm forNigainst
consecutive A bases that at 520 nm for PTZ obtained at 100 ns after laser flash excitation.

) ) From the extinction coefficient of two transient species, the ratio is around
The long-distance hole transfer process through consecutive A30% when a hole injected into DNA migrates to the PTZ-site.

bases is schematically shown in Scheme 1. Previously, we
established a donefacceptor system to observe the hole transfer of DNA. Each 53-end of synthetic DNA is modified with NI and
process, in which the naphthalimide (NI) and phenothiazine (PTZ, PTZ, respectively. Transient absorption spectra for N and
Eo.x = 0.76 V vs NHE), as a sensitizer to induce the photoinduced N-A, at 100 ns observed after the 355 nm laser-pulse excitation
electron transfer with A and a probe molecule for trapping and are shown in Figure 1a. The strong absorption band with a peak at
monitoring hole, respectively, are attached at each end of the 400 nm and a somewhat broad absorption around 520 nm can be
duplex?4 The dynamics of the hole transfer through long-A was assigned to Nt and PTZ", respectively, from previous repo#s.
evaluated by observing the transient absorption of the NI radical The transient absorption spectrum obtained for -2 shows that
anion (NF°) and PTZ radical cation (PFZ) produced after the a hole was injected into the DNA by charge separation between
355-nm laser-pulse excitation. INI* and A and migrated to the opposite end of the DNA to generate
To prove that the hole transfer can occur rapidly through PTZ*. A similar strong absorption at 400 nm assigned to~NI
consecutive A bases over long distances, we designed DNA was also seen for N-Airrespective of the absence of PTZ, showing
consisting of a long A repeat sequence (Table 1). A GG doublet that a hole was trapped at the GG site as shown in Schethe 1.
was introduced at the near PTZ site for the appropriate hybridization Time profiles monitored at 400 and 520 nm for No&° are shown
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@ po3 (b) 0.04 between Gs through the thermally induced A-hopping process
0.03 400 nm proceeds when two Gs are separated by more than four AT base
0.02 \A 0,02 [ sy pairs, our results show that the hole transfer via the thermal hopping
001 N-Ay-B 0,01 from G to the bridging A is considered to be inefficient and occurs
‘ ' o in the millisecond time scale. A similar effect was observed for
0.00 N-Ag ooy DNA containing an AA mismatch at the middle of the DNA (N-
400 450 500 550 0 2 4 6810 Am-P). Although the AA mismatch did not diminish the hole
Wavelength (nm) Time/us

injection efficiency drastically compared with the same sequence
possessing no mismatch, the hole transfer to PTZ was prevented.
Considering that the Nt in this sequence persisted for several
hundred microseconds, an injected hole was considered to be
trapped around an AA mismatch site because of a local structural
perturbation.

- In summary, we clearly showed the rapid long-distance hole
transfer through consecutive A bases via A-hopping on the basis
of the time-resolved measurements for DNA modified with NI and
PTZ. Once a hole resides on an A base, the hole transfer over a
- long A sequence occurs rapidly and efficiently. This can be
explained by considering that the long-distance hole transfer
proceeds via a multistep mechanism and each hopping step between
As is rapid because of the direct stacking due to hole delocalization.
Our results suggest that the oxidation potential and surface stacking
area of hole carriers are important factors for designing and realizing
a DNA molecular wire.

Figure 1. (a)Transient absorption spectra for N and N-Ag at 100
ns after the 355 nm laser pulse excitation. (b) Time profiles for HHA
monitored at 400 and 520 nm. Sample contained ABIODNA, 20 mM
Na phosphate buffer (pH 7.0), and 100 mM NacCl.

Figure 2. Schematic illustration of rapid hole transfer through a consecutive
A sequence.

in Figure 1b. The formation of PFZwas observed within the laser-
pulse duration (20 mJ/pulse, fwhm 8 ns), which means that a
hole transfer from A next to NI to PTZ occurred faster than the  Acknowledgment. This work has been partly supported by a
rate constants of £Gs~*. Previous computational studies demon-  Grant-in-Aid for Scientific Research (Project 17105005, Priority
strated that a hole on a nucleobase can partially delocalize onto anarea (417), 21st Century COE Research, and others) from the
adjacent bas¥.Rapid long-distance hole transfer can be rationalized Ministry of Education, Culture, Sports, Science and Technology
by considering the expanded hole delocalization onto the adjacent(MEXT) of Japanese Government.
A base facilitating the hopping process.
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