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The interaction of small molecules with DNA is a
fundamental mechanism in the chemotherapy of cancer
and viral diseases. Although conventional small mol-
ecule drugs have proven effective as antitumor and
antiviral agents, these compounds typically lack unique
sequence-selective binding .2 In contrast, oligonucleotides
can exploit the recognition elements inherent in Watson—
Crick or Hoogsteen base-pairing to target specific infor-
mation contained within a DNA or mRNA molecule,
thereby potentially achieving unique sequence selectiv-
ity.> We describe our preliminary studies on the use of
oligonucleotide probes to direct chemically reactive func-
tionality to targeted sequences of nucleic acids. In
previous approaches to the problem of sequence selective
covalent modification of oligonucleotides,* groups con-
taining reactive functionality have been attached to short
oligonucleotides complementary to discrete sequences of
single- or double-stranded DNA.> Duplex (or triplex)
formation delivers reactive functionality to the targeted
sequence of the oligonucleotide. Herein, we describe
methods to tether chemically reactive functionality within
a targeted oligonucleotide sequence, and we report the
high-yielding covalent modification of specific functional
groups on the target oligomer. We have also examined
the sequence-dependence of the covalent bond formation.

We have previously reported the incorporation of
4-thio-2'-deoxyuridine (d%4U) into DNA by solid-phase
synthesis, and we demonstrated the ability to chemose-
lectively modify the thiocarbonyl group in a post synthetic
manner.”® Now, in a realization of our goal to use
antisense probes to form covalent cross-links within
duplex DNA, we report the use of 4-thio-2’-deoxyuridine-
containing oligomers as agents for specific dG—N7 adduct
formation. We describe the incorporation of electrophilic
groups into DNA within the major groove using the
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thiocarbonyl group of d3¢U; upon duplex formation these
electrophiles are suitably positioned to react with the
nucleophilic guanine—N7 to form covalent lesions.
Cross-linking studies were performed using a modified
T7 RNA polymerase promoter sequence as the probe
strand,® in which individual dC residues were replaced
successively with d%*U bases. The target strands were
designed so that deoxyguanosine residues!’ would be
positioned complementary to the electrophilic base. Probes
2—4 were designed to examine the positional selectivity
of cross-link formation by competition between the three
contiguous dG residues (G-, Gs, Gy) in the target strand.
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For cross-linking probes, we designed an o-phenylene-
diamine tether to append an a-bromoacetamide in prox-
imity to the complementary dG—N7. Design consider-
ations included tether length and rigidity, electrophile
reactivity, and complementarity of fit within the major
groove.
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Treatment of 17-mers 1a-5a (10D, 20 uL), prepared
according to our previously described protocol,®!! in
phosphate buffer (100 mM, pH 8, 50 uL) with N,N’-bis-
(bromoacetyl)-o-phenylenediamine (6, 0.5 mg) in DMF (20
uL) at room temperature effected chemoselective S-
alkylation of the d%*U-residue® to afford the corresponding
probe oligonucleotides 1b-5b (X = dF5U) after purification
by spin-column gel filtration (Sephadex G-25, H,0) and
n-butanol precipitation. Complementary target oligo-
mers were 5-end labeled with [y-32P1-ATP and T4 kinase.
The electrophilic strands 1b-5b (30—100 x excess) were
annealed with the target strand in phosphate buffer (pH
7.2, 10 mM, 15 uL) containing 130 mM NaCl for 2 h at
37 °C. Denaturing 20% polyacrylamide gel electrophore-
sis (PAGE) (0.3 mm, 7 M urea, 20% formamide, 50 mM
Tris-borate, pH 8.3, 1 mM EDTA) and autoradiographic
detection were used to analyze for cross-link formation.
Oligomers containing covalent lesions were subjected to
piperidine-induced depurination/strand cleavage'? (1 M
piperidine, 95 °C, 20 min), and the cleavage products
were analyzed by denaturing PAGE by comparison with
the Maxam—Gilbert G-specific lane.!?

In Figure 1, gel electrophoresis data are presented for
cross-linking between electrophiles appended at Xs, Xo,
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Figure 1. Denaturing PAGE autoradiogram of the reaction
of 1b-5b with %P 5’ end-labeled target after treatment with 1
M piperidine (95 °C, 20 min): lane 1, *P 5-end-labeled target;
lane 2, Maxam—Gilbert G-specific cleavage;'® lanes 3—7,
piperidine-treated probe-target duplexes.
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X0, X1, or X;3 and dG residues on the complementary
strands. Data are shown for piperidine-treated oligomers
and, hence, reveal higher mobility bands only at sites of
dG—N7 alkylation. Efficient cross-link formation was
observed by PAGE with probe 3b (X,,), where alkylation
occurred in high yield (74%) at the complementary dGs
(lane 5). Probe 2b (Xg) formed cross-links not only to the
complementary dGg (37%), but also to dG; (36%), two
bases removed to the 5’-side (lane 4). Conversely, probe
4b (X;,) failed to cross-link to the complementary dG;
and instead alkylated the accessible dG; (8%), two bases
to the 5’-side, with low efficiency (lane 6). Also occurring
with modest efficiency was cross-link formation between
(1b) X and dG3 (21%, lane 3) and between (5b) X3 and
dGs; (23%, lane 7). Product yields were estimated from
scanned images of PAGE autoradiograms. In all cases,
the covalently linked duplexes underwent depurination
and strand cleavage upon treatment with piperidine,
indicating that alkylation had occurred at N7 of dG.
We postulated that the absence of cross-linking with
4b (X;; — dG;) was due to steric hindrance by the C5-
methyl group of the proximal T residue, which projects
into the DNA duplex major groove. Computer models of
the targeted sequence 5'-TG-3’ support this supposition,
since in the standard B-DNA model'* the C5-methyl of
T is juxtaposed directly above the adjacent dG—N7 and
would block the approach of electrophiles, thereby pre-

(14) Arnott, S.; Campbell-Smith, P.; Chandresekharan, P. In CRC
Handbook of Biochemistry, CRC Press: Boca Raton, FL, 1976; Vol. 2.

J. Org. Chem., Vol. 60, No. 20, 1995 6253

1 2 M/G G probe target
T, dU, | T dU
5 ¥
T A
A T
A T
T A
A T
- c G,
GI: G (o
A T
cC G,
—G c G,
X G,
—6G A T(dU),
—G. C G,
T A
A T
T A
: AT
—G 3 5

Figure 2. Denaturing PAGE autoradiogram of the reaction
of 4b with 2P end-labeled target strands, after treatment with
1 M piperidine (95 °C, 20 min): lane 1, Ts-containing cleavage
products; lane 2, dUg-containing cleavage products.

venting cross-link formation. In the reversed target
sequence 5-GT-3’, the C5 methyl of T is fairly remote
from the dGs;—N7. This may explain why cross-linking
was seen with probe 5b (X3 — dGs;), but not with 4b (X},
— dG;). To confirm this hypothesis we prepared the
oligonucleotide target wherein the T was replaced with
dUg, thereby removing the C5-methyl impediment. In
Figure 2, data are presented comparing the effect of Ts
(lane 1) versus dUg (lane 2) on cross-link formation
between X;; — dG;. Removal of this steric block now
enabled effective cross-link formation between X;; — dGy
(lane 2) and increased the amount of alkylation between
Xu - dGs

The efficient cross-link formation that we have ob-
served with o-phenylenediamine-linked a-bromoaceta-
mides parallels that observed with the nitrogen mustard
mechlorethamine,'® where the most effective monoadduct
and cross-link formation was seen at N7 of the central
dG of the sequence 5'-GGG-3’. We observed less effective
cross-linking to isolated dG residues, in accord with the
expected decreased nucleophilicity of such bases. Our
o-phenylenediamine tether was found to target dG resi-
dues in the complementary strand with high efficiency
and was found to alkylate dG residues two bases in the
5’ direction with lower efficiency. This result appears to
be the result of two different tether conformations, one
that positions the electrophilic carbon near the comple-
mentary dG—N7 and the other that is capable of reaching
two bases (but not one base) in the 5" direction on the
target strand. No example exists in the literature that
suggests steric inhibition by a 5-T residue of dG—N7
alkylation or cross-linking,'¢ and our demonstration that
removal of the C5-methyl group of T; enables alkylation
of the adjacent dG residue illustrates the directionality
of steric requirements in sequence selective cross-linking
of DNA.
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