JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by University of Birmingham | http://www.library.bham.ac.uk

Communication

Kinetics of Weak Distance-Dependent Hole
Transfer in DNA by Adenine-Hopping Mechanism
Kiyohiko Kawai, Tadao Takada, Sachiko Tojo, and Tetsuro Majima
J. Am. Chem. Soc., 2003, 125 (23), 6842-6843+ DOI: 10.1021/ja034953;j « Publication Date (Web): 16 May 2003
Downloaded from http://pubs.acs.org on March 29, 2009

Adenine hopping Tunneling
“O=0n
\)<\‘-o-°- '\—o-
hvsz, — — fv 3(

Q== Lo el
-— - hvss, <
- — D T — < >+

Ptz—-A-A-A - oxG 4_' Ptz-A-A-A-0xG

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 9 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja034953j

JIAIC[S

COMMUNICATIONS

Published on Web 05/16/2003

Kinetics of Weak Distance-Dependent Hole Transfer in DNA by
Adenine-Hopping Mechanism
Kiyohiko Kawai,* Tadao Takada, Sachiko Tojo, and Tetsuro Majima*

The Institute of Scientific and Industrial Research (SANKEN), Osakaelbity,
Mihogaoka 8-1, Ibaraki, Osaka 567-0047, Japan

Received March 2, 2003; E-mail: kiyohiko@sanken.osaka-u.ac.jp; majima@sanken.osaka-u.ac.jp

One-electron oxidation of DNA leads to formation of the radical (a) >'Ptz- [A] - C -ACACAC [A] X = G (Ptz-G-ODNn)
cation of guanine (&), with the lowest oxidation potential among Tl * -TGICTGITJs,,  =oxG (Ptz-0xG-ODNn)
the four bases, and a hole has been demonstrated to migrate through (p)  ptz-+—(A),~oxG ——— <_ & n=15
DNA by hopping between Gs.From the transient absorption . l ~ Ptz_(A),_oxG™
measurements, the distance dependence parapheteeq 1 of ks / "
. ) . Ptz-—(A),~oxG Ky
single-step hole transfer in DNA has been determined as 0t6A
Figure 1. (a) Sequences of Ptz-G-ODNn and Ptz-oxG-ODNn, and (b)
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Q) kinetic scheme for forwardkf;) and backwardi_n;) hole transfer.
On the other hand, strand cleavage experiments revealed the
occurrence of the weak distance-dependent long-range hole transfer
over a distance of 200 A which requires the hole transfer between
Gs separated by long -AT sequence$.Recently, Giese et al.
explained this weak distance dependence by a mechanism in which
hole transfer is mediated by thermally induced hole-hopping
between the second most easily oxidized base adenine (A-hopping).
Thus, the hole transfer in DNA has been demonstrated to occur by
the two different mechanisms, G-hopping (super exchange between
Gs across the intervening-AT bridge) and A-hopping (charge is
carried by the bridge base A as'\ The rate constants of hole
transfer by G-hopping across one—A base pair have been
determined by Lewis et al. to be in the range of-100° s16
Considering the low efficient endothermic oxidation of A by"G
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Figure 2. Transient absorption spectra of Ptz-oxG-ODN1 obtained at 45
us (black), 55us (red), and 50@s (blue) after the electron pulse during
pulse radiolysis-laser flash photolysis. The 532 nm laser flash was delayed
by 50 us relative to the electron pulse.

and the weak distance dependence of A-hopping, it was suggested ¥532 nm (a) (b)
that once after the generation of*Athe hopping between A T TR

) X 0.10F P A
proceeds fastHowever, there are no direct time-resolved measure- AL

A
ments especially addressing the kinetics of hole transfer by 3 AA
A-hopping in DNA. In this study, the kinetics of hole transfer by < 0.05
the A-hopping mechanism was investigated by the combined pulse
radiolysis-laser flash photolysis methSdand the weak distance
dependent hole transfer with the hole transfer rates faster ttfan 10
s71 over the distance range o022 A was demonstrated.
deZicr):ik:ree t;nzziuerrzrtr;e?r:ec,fhgllee sheC)IIe(aC'[ti:/aerI];fevr\/i:ﬁ:)iS{ Igner?e’\rlgt,ic;’;l sz Figure 3. (@) 'I_'ime profiles of transient absorptions monitored at 520 nm

’ (black, red: without laser flash) and 400 nm (blue, green: without laser
radical anion, in DNA. For this purpose, pulse radiolysis serves as flash) during the pulse radiolysidaser flash photolysis of Ptz-oxG-ODN1.
a suitable method. We have previously reported the pulse radiolysisThe delay time of the laser flash was &6 after the electron pulse. (b)
of pyrene (Py}® and phenothiazine (Ptz)-conjugatedligode- Bleaching of Ptz" monitored at 520 nm upon the laser flash for Ptz-oxG-
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oxynucleotides (ODNSs), in which hole transfer in DNA was
monitored by the transient absorption of*Pwand Ptz", respec-
tively. However, pulse radiolysis is disadvantageous in that it cannot
be used to measure the kinetics in the time scale bfis because

of the time taken for the collisional process for the generation of a
hole in DNA. Here, to avoid this difficulty, we employed the pulse
radiolysis-laser flash photolysis of Ptz-conjugated ODN. After the
generation of Ptz with a maximum absorption peak at 520 nm
during the pulse radiolysi¥, Ptz was irradiated with a 532-nm
laser flash with a delay time of 565 to produce Ptz in the excited
state (Ptz™). Since the driving force for the one-electron oxidation
of A by Ptz™ is enough largé?13 A** will be mainly produced
when A is the nearest base to the*PtzThus, pulse radiolysis
laser flash photolysis of Ptz-G-ODNn and Ptz-oxG-ODNn leads
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ODNnN (black,n = 1; red,n = 3; green,n = 5).

to the selective injection of a hole at A nearest to Ptz, and the hole
transfer from A" across (A)-bridge to the hole acceptor G or
8-ox0-7,8-dihydroguanine (oxG) was investigated (Figuré*1).

In the case of Ptz-G-ODNN, little change of the transient absor-
ption of Ptz* was observed upon the irradiation of the 532-nm
laser flash. Therefore, the generation ofAand backward hole
transfer seem to occur within the laser flash duration (5 ns) when
the hole acceptor is G. Of special interest, irradiation of Piz
Ptz-oxG-ODN1 with a laser flash caused a decreas@Q@bD of
Ptz*, and a formation of broad absorption around 400 nm
immediately after the flash (Figures 2 and 3a). The new absorption
band was assigned to oxGor oxG(H*)":C(+H")",*> demon-
strating the hole transfer from Ptz to oxG (forward hole transfer)

10.1021/ja034953j CCC: $25.00 © 2003 American Chemical Society
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Figure 4. Dependence of the forward and backward hole transfer rates (
and®, respectively) (a) on the distance between Ptz and adx( and (b)
on the number on hopping stegs)(

0.5

within the laser flash duration, that is the forward hole transfer
proceeds faster than 461 The spectrum of Ptz was recovered

in the time scale of~500us concomitant with the decay of oxG
according to the backward hole transfer from oxGo Ptz.
Bleaching of the transient absorption at 520 nm assigned to Ptz
upon the laser flashAAODs,q) only slightly decreased as the

distance between the Ptz and oxG increased, demonstrating the wea
influence of the distance on the forward hole transfer rate. In

contrast, backward hole transfer from oxGo Ptz was strongly
distance dependent, and when Ptz and*tx@e separated by more

than three A-T base pairs, no backward hole transfer was observed
in the present experimental time scale. Thus, different distance
dependence was observed in the forward and backward hole transfer ®)

in Ptz-oxG-ODNnN.

The relative rate for the forward hole transfég) follows eq 2
where ® and ky designate the yield of the forward hole transfer
(® = AAODsd AODsy pefore 1asdr@nd rate of deactivation of PtZ,
respectively. Then, Ik, can be described by eq 3.

D = k(K + ky)
In k,, = In(®/(1 — ®)) + const.

@)
®3)

The rate of the backward hole transfer) was directly determined
from the recovery of Ptz. Figure 4a shows the semilog plot of

®d/(1 — ) andk_; against the distance between the Ptz and oxG

(Ar). From the slope of the plot, values of 0.2 and 0.6 Avere
obtained for the distance dependencéptindk_r, respectively.
Thef value of 0.6 A1 obtained for the backward hole transfer is

consistent with the single-step charge transfer in DNA. In contrast,

the value of 0.2 A for the forward hole transfer is significantly
smaller than the reportgtivalues for the single-step charge-transfer
process®

The distance dependence of the charge transfer by hopping (19)
h

mechanism can be described in the simplest way by eq 4 in whic
n is a proportional factor antl is the number of hopping steps.

InkO—xnInN 4)

In the case of random wally, takes the value betweersly < 2.
A plot of In(®/(1 — ®)) against InN gave a straight line and a
n-value of 1.5 (Figure 4b). Thus, the forward hole transfer was

In the present study, two different processes for the hole transfer
across the identical (Adbridge in DNA have been demonstrated.
Since Ptz™ oxidizes A, Ptz™ injects a hole at A nearest to Ptz,
and the forward hole transfer proceeds by the A-hopping mecha-
nism. Whereas, oxG cannot oxidize A, resulting in the hole
transfer by single-step super exchange mechanism acrogs (A)
bridge. These results clearly show that the mechanism of hole
transfer in DNA strongly depends on the redox nature of the oxidant,
whether it produces only G or both A*™ and G*. Hence, the fast
hole transfer rates reported in previous literattineay be explained
by the hole transfer by A-hopping mechanism which has been
revealed to proceed faster tharf 801, over the distance range of
7—22 A. Such a fast hole transfer may help to separate the hole
and radical anion of the photosensitzer{Qluring the photosen-
sitized one-electron oxidation of DNA, making the chance for G
and 3~ to react with water or @
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