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Photocleavage of DNA has attracted considerable interest because
of the biological significance of DNA damage and repaf.A
number of synthetic DNA cleavage agents that are activated
photochemically have been developed. Hydroperoxides are typical
sources of hydroxyl radicals under photoirradiation, leading to DNA
cleavage’. Fullerenes are also used as DNA photocleavage agents
with NADH and oxyger. Photoinduced electron transfer from
NADH to fullerenes in the presence of, @sults in formation of
superoxide anion (©).” Although Q- itself does not cause DNA
damagé, hydroxyl radicals are produced in photoinduced decom-

log (ket, M~ s7)
=y

position of hydrogen peroxide that is formed by dismutation of 0
O,~.7 Thus, any agent that is capable of reducingt@®@O,*~ may
be a potential DNA photocleaver. However, there has been no report -2 10 _0' 5 (') 0'5 1' 0 15

on thermal DNA cleavage using an agent which can produyce O
without photoirradiation. Figure 1. Plot of logarithm of the rate constants (Ikg) of electron-transfer
We report herein that acridinium |0n§, which can |ntercala_1te t(_J regctions of (BNA?with various electron acceptors at 298 K in 5 mM
DNA,° can act as thermal DNA cleavers in the presence of a dimeric Tris-HC| buffer (pH 7.0) containing 20% DMSO vs the one-electron
NADH analogue and @in an aqueous solution. The formation of  reduction potentials of the oxidant&%g. 1, STMPyP*; 2, AcrH"; 3,
O~ in the present system is confirmed by ESR detection. The p-benzoquinone; 4p-toluguinone; 5, 2,5-dimethyp-benzoquinone; 6,

. T - ; 9-isopropyl-10-methylacridinium ion (AcrPd; 7, 9-benzyl-10-methyl-
mechanism of acridinium ion-catalyzed thermal reduction pfdD acridnium ion; 8, tetramethyl-benzoquinone; 9, DNA-intercalated AcrtH

Oz~ by a dimeric NADH analogue is clarified on the basis of the = 10 pNA-intercalated AcrPt. The curve is drawn using the Rehiieller
detailed kinetic study. relationship for photoinduced electron transfein which the one-electron
A dimeric NADH analogue [a dimeribl-benzyldihydronicotin- oxidation potential of (BNA) was determined as0.18 V vs SCE'?
amide, (BNA}] is known to act as a two-electron donor in electron- o+~ i the electron-transfer reaction from (BNAjo AcrH* is
transfer reactions with electron accept8thitial electron transfer confirmed directly by ESR. The rate-determining electron transfer
from (BNA); to an electron acceptor (A) generates the dimer radical from (BNA), to AcrH* is followed by rapid G-C bond cleavage
cation [(BI_\IA)2'+] and the electron acceptor radical aniorr(A of (BNA)z* to produce BNA, which can readily reduce @o O,
This step is followed by a fast cleavage of the C bond of the  (Scheme 1). The producedOiis detected by ESR, observed in
dimer to produce BNAand BNA'. The second electron transfer  frozen CHCOOH/KOH buffer (pH 5.0) at 123 K after the reaction
from BNA* to A should be by far faster than the first electron of (BNA), with AcrH* at 298 K, as shown in Figure 2, where the
transfer, since BNAis a much strong reductant than (BNAJ-** observed ESR signal witly, = 2.010 andy; = 2.005 is diagnostic
The rates of electron transfer from (BNAjo 10-methylacri- of O»~.16 No ESR signal due to £ was observed when (BNA)
dinium ion (AcrH") and other electron acceptors were followed \yas replaced by the monomer form, iN-benzyl-1,4-dihydronico-

by monitoring the decay of the absorbance at 360 nm in 5 MM tinamide (BNAH), which undergoes hydride transfer with A¢rH
Tris-HCI buffer (pH 7.0) containing 20% DMS8.The rate obeyed rather than electron transfér.

second-order kinetics: first-order with respect to each reactant
concentration. The rate of photoinduced electron transfer from o o
(BNA), to the triplet excited state of 5,10,15,20-tetrakis(1-meth- N H N1
ylpyridinium-4-yl)porphyrinp-toluenesulfonate STMPyP*) was HgNOCl ! . ket HNOC | | + A
determined from the decays in the triptétiplet absorption by laser 2 CONH, rl( AN CONH,
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Bn

flash photolysis. The observed second-order rate constants of

E%q Vs SCE, V

Scheme 1

electron transfer increase with increasing the one-electron reduction (AcrH*) Bn

potentials E% of electron acceptotéto approach a diffusion- [(BNA)I

limited value, as shown in Figure 1. This is a typical feature of

outer-sphere electron-transfer proces4é2Electron transfer from mco%

(BNA), to AcrH™ also takes place in the presence of DNA, although DNA Cleavage g‘n

the rate constant in the presence of DNA becomes smaller than 0,

that in the absence of DNA (Figure 1) due to the intercalation of 1 ~CONH,

AcrH* with DNA. o @
The rate of electron transfer from (BNAjo AcrH™ was not HO, 0 0" Bn

affected by the presence 0£0n the presence of Oformation of BNA* (BNA*)
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which is in equilibrium with @~ at pH 5.0” Addition of the HO»-
destroying enzyme catalase also significantly inhibits the DNA
cleavage (Supporting Information). The OH radical is known as
one of the most noxious reactive oxygen species, which induces
the DNA cleavagé? The OH radical can be produced in a trace-
metal-dependent Fenton reaction of3], as reported for the DNA
cleavage by the antitumor antibiotic leinamyé®in the presence

of FeSQ, such a reaction is significantly accelerated, as shown in
Figure 3 (lane 2§ Thus, the actual reactive species for the thermal
DNA cleavage in the aqueous (BNA)AcrH™—O, system may

Figure 2. ESR spectrum of @~ generated in the reaction of (BNAJL.0
x 1072 M) with AcrH* (1.0 x 1072 M) in 10 mM CH;COOH/KOH buffer

(pH 5.0) at 298 K and measured at 123 K. be hydroxyl radical as well as HO
In conclusion, acridinium ions (DNA intercalators) can act as
1 2 3 4 5 6 7 thermal DNA cleavers vithermalelectron transfer from a dimeric
(BNA), + + + - + - - NADH analogue to acridinium ions, followed by the electron-
AcrH* + + - + - + - transfer reduction of @to O~ by the resulting BNA radical,
FeSO, - + + + - - + leading to DNA cleavage by HOand OH.
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Supporting Information Available: DNA cleavage at pH 5.0 in

) . ) the absence and in the presence of SOD and catalase. This material is
Figure 3. Agarose gel electrophoresis of cleavage of supercoiled pBR322 . . .
DNA (7.4 x 10-5 M) in the reactions of (BNA) (2.0 x 10-3 M) with available free of charge via the Internet at http://pubs.acs.org.
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