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Long-Range Charge Transport in Duplex DNA: Anthraquinone Sensitization
Results Are Independent of Terminal lonic Distribution
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Soon after the famous double helical structure of DNA was Chart 1
proposed and understood, the suggestion was made that its regularly SAQ-ACGAGC C GTTTTTTGC C GTAT-3
ordered array of aromatic bases might provide a path for the | pNam 3-T GC T C[G, G,[C A AAAAAC|G G|C AT A-TP
conduction of electrical chardeThis possibility has fostered an DNA2) ®P-T G C T C[Gy Go[C A AAAAACIG G|C AT A-5
intensive investigation of the chemistry and physics of a variety of
DNA structures under a broad range of environmental condifiohs. o o O\ 0 o
Most thoroughly examined is the capacity of radical cations NHcCHm_ \Q Hn-Eo-\Q
(“holes™ to migrate through relatively short (350 base pairs) T oP-oH
duplex DNA oligonucleotides in solutiott-6-8 This investigation i S-terminus
has led to the generally accepted view that holes do migrate in AQ labolod fabeled
DNA, but specific aspects of the mechanism are still uncertain. In
particular, the suggestion that DNA oligonucleotides in solution |abeled with32P at either its 3or its 5 end. These structures were
behave like “molecular wire$"1? has been replaced by the view  confirmed by Maxim/Gilbert sequencing and by mass spectros-
that charge transport proceeds primarily by a series of thermally copy23 in these experiments, reaction at guanine is usually detected
activated hop$:*"18 DNA is a polyanion, and it has been shown  py treating the irradiated samples with piperidine, which causes
that hole delocalization and migration are affected by the motions strand breaks at the damaged bases, followed by electrophoresis
of its sodium counterions and solvating water molecules, which gnq autoradiography. Labeling of the oligonucleotide at itsr3
modulate the ionization potential of the constituent bad&tery 5'-terminus causes the structural differences that are also shown in
recently, Barton and Williams proposed an additional effect of ion cpart 1. In particular, the negative charge associated with the
distribution on long-range hole transport in DN®By consideration phosphate group moves from one end of the oligomer to the other
of anomalous patterns of reaction at susceptible GG sites, theyyith the label. Until the recent report of Williams and Barf§ié
propose that oxidation potentials of remote guanines are influenced; has not been expected or obserAtat the position of the label
by the charge at the termini of DNA oligonucleotides. We repeated |,,5.,1d affect the pattern of guanine reaction.
these experiments using the precise DNA sequence used by Barton Samples of the duplexes AQ-DNA/DNA(L) and AQ-DNA/DNA-
and Williams, but we replaced the rhodium metallointercalator they (2) were irradiated at 350 nm, where only the AQ absorbs, under
used as the charge injector with a covalently linked anthraguinone identical conditions (5«M DNA, 10 mM sodium phosphate, pH
derivative (AQ). In our experiments, the pattern of reaction at GG _ 7.0, ca. 30°C) and then treated with piperidine at @0 for 30

_steps IS c_c;_nsmienftf W'tth the v;st,)t bOdY ?f e><|?t|r;]g work,t ?r?d Itjh’\?;e min. The irradiated DNA samples were analyzed by electrophoresis
|ts no S.Ig_ﬂll |canf_ ed_ec cr;:useth %’t;]/aréa ;]Elm orc a}:getz)at . ed ith on a denaturing polyacrylamide gel (PAGE), visualized by auto-
ermini. these findings show that the bafting results obtained wi Jadiography, and quantified by phosphorimagery; the results are
rhodium metallointercalators are caused by phenomena unrelate i
to the mechanism of long-range charge transport in DNA shown in Figure 1.
Irradiation of a sensitizger a?1 AQ orga rhodiﬁm metalloir.1terca- Inspection of Figure 1 shows that for both DNA(L) and DNA-
' (2) there is more reaction at the G of the proximal GG step than

Iat_or, for example_, that is linked to DNA causes the one-elect_ron there is at the distal GG step. Quantification of the PAGE reveals
oxidation of an adjacent base to form its radical cation. The radical ) . : g .
that the proximal to distal reaction ratio is #1 independent of

cation can migrate through the DNA, and it can be trapped by whether the®?P label is at the '3 or 5-terminus of the oligomer.

reaction with HO, which occurs primarily at the'%5 of GG This is trast to the findi FWill d Bart h t
steps?122 Proximal GG steps are located closer to the sensitizer, 151 In confrast 1o the findlings of Willams and Sarton who repo
distal-to-proximal ratio of 0.4 0.1 when the labeled phosphate

and distal GG steps are farther away. These experiments are usuall;? . .
carried out under “single-hit conditions”, and the pattern of guanine 'S: at the 3terminus and a value of 52 0.4 when the sample is
reaction is presumed to reflect the effects of distance and base® "aPe'Ed- . - .
sequence on radical cation transport. In the vast majority of cases It is not possible to be definite about why systems that contain

examined. the amount of reaction decreases as the distance to th odium metallointercalators or anthraquinone derivatives as one-
guanine increases, which yields a proximal-to-distal ratio of electron oxidants (charge injectors) give different results. A related
reactivity that is greater than 1 finding was reported for the comparison of rhodium metallointer-

We prepared the AQ-containing oligonucleotide shown in Chart calatoF®?’and AQ-sensitized repair of thymine dimers, where it

1; its complementary strand, which contains two GG steps, was V@S suggested that low quantum efficiencies for reaction of the
rhodium metallointercalator might play a ré®That seems less

*To whom correspondence should be addressed. E-mail: gary_schuster@llkely|nthe present case. However, it |s_clear that the |nterpref[at|on
cos.gatech.edu. of long-range charge transport experiments that employ linked
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Figure 1. Autoradiogram showing strand cleavage of DNA(1) and DNA-
(2) following irradiation (350 nm) of their duplexes with the AQ-containing
strand, piperidine treatment, and PAGE. Each sample contajaktduplex
DNA that was labeled witf2P (each lane contains 3000 cpm) at the 3
terminus or the 5terminus of the non-AQ strand. Lanes-3 correspond
to 0, 20, and 30 min of irradiation of DNA(2), and lanes@lcorrespond
to 0, 20, and 30 min of irradiation of DNA(1).
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