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The ability to phototrigger bond cleavage has found wide
application in chemistry and biology.’> The ability to photo-
trigger single and double strand breaks in nucleic acids may be
useful for the study of the dynamics of nucleic acid structural
and conformational transitions, as well as complicated processes
in vivo such as the repair of double strand breaks produced by
ionizing radiation.> Phototriggered strand breaks could also be
useful for the activation of nucleic acid-based probes and drugs
such as antisense oligonucleotides and ribozymes. With such
applications in mind, we had previously designed a building
block for phototriggering strand breaks in DNA which was based
on the photochemistry and photoenzymology of a cis—syn
thymine dimer lacking an internucleotide linkage.* This build-
ing block is not generally useful because direct photocleavage
requires 254 nm light, which also damages DNA, and photo-
enzymatic cleavage with visible light and photolyase is inef-
ficient and may not be suitable for RNA or nucleic acid analogs.
Recently it has been shown that irradiation of DNA containing
the C4’-phenyl selenide derivative of adenosine with >315 nm
light under anaerobic and nonreducing conditions results in
phototriggered strand cleavage to give a one nucleoside gap
terminated in 5’- and 3’-phosphates, a major type of strand break
induced by ionizing radiation.®® Unfortunately, the required
building block takes nine steps to synthesize from deoxyad-
enosine, and photocleavage in the presence of a reducing agent
or oxygen leads to a number of side products.>® Herein, we
report the design and efficient synthesis of the building block
1 that can be used to photochemically introduce a site-specific
strand break in an oxygen- and reducing agent-independent
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manner that ultimately leads to a gap terminated in 3’- and 5’-
phosphates (Scheme 1). We also demonstrate its use in
phototriggering oligonucleotide hybridization.

The design of the photocleavable building block was based
on the photochemistry of o-nitrobenzyl ethers’® and the
expectation that a phosphate S to the photogenerated carbonyl
would be easily eliminated (Scheme 1). Building block 1 was
synthesized in an overall yield of ~40% in four steps from
commercially available o-nitrobenzaldehyde (2) by first adding
allyltrimethylsilane in the presence of TiCl4 to give 3.° Diol 4
was obtained following ozonolysis of 3 and reductive workup
with sodium borohydride and then converted to the building
block 1 via 5 according to standard procedures.’® The building
block was incorporated into the 19-mer 6a by standard
automated DNA synthesis methodology with a coupling ef-
ficiency of ~70%. The 19-mer was 5’-end-labeled with [y-*2P]-
ATP and T4 polynucleotide kinase and was 3’-end-labeled by
primer—extension opposite d(TTCGACGTAT) with [0->?P]ATP
and the Klenow fragment to give 20-mer 6b by standard
methods.!!

Exposure of 5’-end-labeled 6a to 355 nm pulses from a Nd:
YAG laser led to light-dependent formation of a faster moving
band corresponding to the expected 3’-phosphorylated 9-mer
9a and two slower moving bands, the major of which was
presumed to be the carbonyl derivative 7a (Figure la).
Consistent with this interpretation, hot piperidine converted the
major, as well as the minor, slower moving bands to the faster
moving band which comigrated with the product resulting from
the Maxam—Gilbert G reaction'? on an otherwise identical
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Figure 1. Autoradiograph of a polyacrylamide electrophoresis gel of
the products resulting from exposure of 7.5 pmol of (a) 5-*’P-end-
labeled 19-mer 6a or (b) 3’-end-labeled 20-mer 6b in 200 xL of 100
mM Tris-HCI (pH 7.0) buffer in a4 mm x | cm quartz cuvette to the
indicated number of 10 ns, 36 mJ. 355 nm pulses from a Quantel
Q-switched Nd:YAG laser. Lane P: a second 80 pulse aliquot that
was heated in 100 uL. of a 1 M piperidine solution at 90 °C for 30
min. Lane G: a Maxam—Gilbert G reaction that was carried out on
5’-end-labeled d(AATTGCATAGATACGTCGA), a sequence in which
the photochemical building block of 6a was replaced by the indicated
G.

sequence containing a G in place of the building block (Figure
la, lanes P and G). Also consistent with the proposed cleavage
chemistry, irradiation of 3’-end-labeled 6b resulted in light-
dependent formation of a single piperidine-insensitive band
corresponding to the 5’-phosphorylated 10-mer 8b (Figure 1b).
The initial appearance of the faster moving band in the 5’-labeled
substrate is puzzling, however, as the half-life for the conversion
of the slower moving band to the faster moving band is about
8 days at room temperature and pH 7. To determine whether
the high pH of the acrylamide gel (pH 8.3) was inducing the
p-elimination, electrophoresis was carried out on a pH 7.0
acrylamide gel with similar results. Photocleavage could also
be induced by irradiation with 254, 302, or 366 nm light and
was independent of the presence or absence of dithiothreitol.

To demonstrate the potential usefulness of this building block,
we designed a system for phototriggered oligonucleotide
hybridization. An oligonucleotide complementary to an 18-nt
section of the (+) strand of the single-stranded M 13 clone CW1
was joined to a shorter complementary sequence via a 4-nt
sequence and the photocleavable building block to give 6¢
(Figure 2). As a result of the hairpin structure, 6¢ failed to
hybridize well to CW1 on nitrocellulose, but nearly quantitative
photocleavage of 6¢ yielded 7/9¢, which hybridized with about
9 times the binding affinity of 6c.

The photocleavable building block is easily synthesized and
could also be used to trigger site-specific double strand breaks
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6¢ 8c
PCCATGCC TTTAT'G, GGTACGGP
GGTACGGXAAAT 1 A P .

—
+ 7/9¢
PCCATGCCTTTATTGAATT AAAY
GGTACGGAAATAACTTAA GGTACGGAAATAACTTAA
CWI1 CWI1

Figure 2. Autoradiograph of two 6 mm diameter circular nitrocellulose
filter papers impregnated with 112.5 ng of CW1 each that were
incubated overnight at room temperature with 12 nM of annealed 5’-
32p_end-labeled oligonucleotide 6¢ before (left) and after (right)
irradiation with 90 min of 0.5 mW, 366 nm light from a hand-held
light source and then washed for 20 min at room temperature. In
comparision, photocleavage was complete in 3 min when exposed to
0.2 mW of 302 nm light from a transluminator.

of variable spacing under wavelengths that cause little or no
damage to DNA or protein, and may thus be useful for the study
of certain aspects of double strand break repair. The building
block may also be of use for the photoactivation (or deactivation)
of biologically active forms of nucleic acids and analogs, such
as primer—templates, antisense or triplex-targeting oligonucle-
otides, and ribozymes.
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