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Canonical DNA is composed of the thermodynamically most
stable WatsortCrick A-T and GC base palré.However, mis- TTTACGG CCATGRMGTACCGG,CATGC -5
matches (AA or T-T, for exgmple) can be |.ncorp.orated within DNA( X =AY =T, DNAG) X =AY =T, DNA®) X =AY =T,
duplex DNA, usually with little structural disruptiot® Excess DNA(2) X,=T,;Y,=A, DNA®B)X =T;Y,=A, DNA(10)X =T, V,=A,
electrons (radical anions) and radical cations (holes) have beenDNAR) X =AY =A,  DNA(7)X =A;Y =A,  DNA(11) X =A; Y, =A

. . DNAM#4) X =T, Y, =T, DNA@®) X =T;Y,=T, DNA(12)X =T;V =T,

observed to migrate tens or hundreds of angstroms in duplex DNA .
by an adiabatic, thermally activated hopping mecharfism.  Figure 1. Structures of AQ-DNA oligomers; *= 32P radiolabel.
Mismatches within DNA change base stacking and hydrogen i . .

Y . g 9 ydrog Table 1. Melting Temperatures and Proximal to Distal Strand
bonding®and may affect long-distance charge transport. There have cigayage Ratios for the AQ-DNA Oligomers
been a few studies on the effect of mismatches or deletions on oA oA oA
charge transpoft1° A single CA mismatchi®l’seems to reduce  yx.ye (1=2) T,® GGJGG,® (1=4) T. GG/GG, (=6 Tn GGJGG,
radical cation migration efficiency, but an-A mismatch has no

AQ5AAATGCCGGTACRMCATGGCC GTACG -3

i . . ; . 1 62 5 5 60 9 9 62 23

effect’® An extensive study using a ruthenium intercalator as 1.A 2 62 9 6 60 14 10 61 16

sensitizer indicated that radical cation transport is extremely A-A 3 56 10 7 50 7 11 49 8
4 56 8 8 48 25 12 47 >40

sensitive to single base pair mismatches, which were attributed to T
%9 N
local destacking? However, subsequent examination has revealed Base pair (or mismatch) in the variable segménMelting temper-

that ruthenium intercalators promote aggregation of DNA, which atures {C) were determined for samples containing 26 DNA duplex
will complicate interpretation®’ in 10 mM phosphate buffer solution at pH 7 monitored at 260 firRatio

We report here the effect of serial mispairsg\, and (T-T) of the amount of strand cleavage measured for the proximal)&i&p to
) . 4 " the distal (GG) step.
(wheren = 2, 4, or 6) on radical cation transport in duplex DNA.
Surprisingly, charge transport through the £\, sequences occurs

1 3
with comparable or greater efficiency than the corresponding . 6 ' 6 6 5 ‘ &

Watson-Crick duplexes, but transport through theTJ, sequences

depends., strongly on their length, which may indicate a change in o = Y & GG,
mechanism.

The DNA constructs examined in this work are shown in Figure
1. One strand contains an anthraquinone group (AQ) linked to its Variable
5'-terminus!! and its complementary strand (labeled wit® at Region

the B-terminus) has two GG steps. One GG step is placed before
a variable segment (XY,), and the other (G@ is after this
segment. The variable segments are composedDDAT-A pairs
or A-A or T-T mismatches. L
These DNA duplexes were characterized by their melting GG,
behavior (Table 1 and Supporting Information) and by circular - -
dichroism (CD) spectroscopy. In all cases, the melting showed a
single reversible transition. For the fully complementary duplexes, Figure 2. Autoradiogram showing strand cleavage of DNA samples
Ty i the Same for he A7 and A Series and is approximaely  Sycen SN and pherine feaimert Lares 1) 3(4) (0 76
independent ofh. However, as expected, thik, decreases with

increasingn when the variable segment containsTTor A-A melting behavior and the CD spectra of these oligomers indicate
mismatches. These values are consistent with the expected meltinghat the mismatched bases are ordered and that they exist in
behavior based upon an empirical correlation with structuts. predominantly intrahelical structures.

no case isTy, below 45°C, which indicates that these compounds We examined the effect of the-A and T-T mismatches on
exist as duplexes under the conditions of the radical cation transportradical cation transport by irradiation of the AQ-DNA oligomers
experiments. in buffer solution (ca. 30C, pH 7) at 350 nm where only the AQ

The CD spectrum of B-form DNA typically exhibits an exciton absorbs. The irradiated samples were treated with piperidine to
band with a positive peak at ca. 275 nm and an equally intense reveal base damage and then were analyzed by polyacrylamide gel
negative peak at ca. 245 rhThe CD spectra (see Supporting electrophoresis. A typical gel is shown in Figure 2 (see Supporting
Information) show that all of the DNA oligomers investigated here Information for the others); the data are summarized in Table 1.
have global structures that are predominantly B-form. This is Clearly, as expected, irradiation leads to one-electron oxidation of
somewhat unexpected since some of these compounds have as martize DNA to form a radical cation and consequential strand cleavage
as six contiguous AA or T-T mismatches. Nevertheless, both the at the proximal (G@ and distal (GG steps’ As has been
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Figure 3. T-T wobble base pair mismatch structures.

() —

G —

Figure 4. Schematic representation of the zipper-like region withid A

previously observed in base-paired DNA, when segments
mismatched DNA duplexes.

separate the GG steps (as in DNA 2, 6, 10), the efficiency of charge

transport becomes independentroivhenn > 3, and when ¥ mismatches. However, T mismatches show a strong distance
segments separate the GG steps (as in DNA 1, 5, 9), transport ' ' 9

efficiency from GG to GG is less efficiei£3 Surprisingly, radical dependence, and nonadiabatic tunneling may account for the

cation transport through the contiguousAAmismatch segments ?nbiirigti ﬂeghbzgé]:s rtrr]znsg)oor;t I:zattehIdsevceal‘seﬁw;—r:le;‘eDlElX)Eetr)trI%?za?f
(DNA 3, 7, 11) is at least as efficient as for thg segments and y P P Y

is similarly independent of length. In contrast, when there are more tion sensors that depend on charge transport and are expected to

than two FT mismatches between the GG steps, the efficiency of be sensitive to single base mutatifs.

radical cation transport decreases dramatically. Acknowledgment. This work was supported by the NSF and
The effect of the contiguous-A and T-T mismatch segments by the Vassar Woolley Foundation. We thank Dr. Sriram Kanvah

on radical cation transport is likely to be related to their structures. for the preparation of the DNA samples.

A T-T mismatch can form well-stacked asymmetric (2-carbonyl-  Supporting Information Available: Autoradiographs, melting

N3, N3-4-carbonyl) wobble base pairs (Figure 3) with modest behavior, and CD spectra of the DNA oligomers (PDF). This material

distortion of the heliX!2* The oxidation potential of purines is s available free of charge via the Internet at http://pubs.acs.org.

considerably lower than for pyrimidingg;of course, the T
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