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The development of chemically modified oligonucleotides as
a means of regulating gene expression is a topic of current
widespread interest.! One approach being pursued involves
using antisense agents containing photoactivatable groups.>~¢
Such a strategem offers the advantage of providing sequence-
specific reagents that are inert in the dark, yet subject to being
“switched on” via irradiation at a particular wavelength.
Currently, oligonucleotide conjugates containing azido deriva-
tives,> ellipticines,® psoralens,* proflavins,> and porphyrin
moieties’ are known. All of these derivatives modify DNA
when irradiated at wavelengths below 700 nm. For use in vivo,
however, photoactivation in the 700—900 nm region would be
preferable as it is here that bodily tissues are most transparent.’
In this communication, we describe the photocleavage capabili-
ties of two expanded porphyrins, the lutetium(III) texaphyrin
complex (LuTx) 1 and the nonmetalated sapphyrin 4, both of
which cleave DNA upon irradiation at wavelengths above 700
nm. The more efficacious of these two chromophores, LuTx
1, has also been incorporated into oligonucleotide conjugates
(e.g., 3). The latter provide the first example of oligonucleotide-
directed photocleavage of DNA with irradiation above 700 nm.

1 Ry = Ry = OCH,CH,CH,OH

2 Ry = OCH,COH, Ry = H

3 Ry = OCH,CO-RNA (2-OMe),
Ry = H

4 R = CH,CON(CH,CH,0H),

LuTx 1 and sapphyrin 4 were screened for their photo-
cleavage capabilities against the known photocleaving agent
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Figure 1. Photograph of a 0.8% agarose gel containing ethidium
bromide showing the results of a pBR 322 plasmid DNA cleavage study.
In accord with the general procedure of refs 8 and 10, the DNA was
irradiated in quartz cuvettes in the presence of either LuTx 1,
sapphyrin 4, or TMPyPH.. Irradiation was effected at room temperature
using light from a high-pressure xenon lamp (Oriel) passed through a
700 nm filter (CVI Laser). The sample received approximately 280
mW/cm?. The following conditions pertained. DNA: 20.4 ng/uL (all
cases). Lanes 1, 4, 7: 0 uM chromophore, 1 = 60 min. Lanes 2, 5, 8:
4 uM chromophore, t = 0 min. Lanes 3, 6, 9: 4 uM chromophore, ¢
= 60 min.

meso-tetrakis(4-N-methylpyridyl)porphine (TMPyPH,).®? using
a general pBR 322 plasmid DNA assay.®!? DNA cleavage was
followed by monitoring of the conversion of supercoiled (form
I) plasmid DNA to the nicked circular (form II) DNA. At
wavelengths above 300 nm, all three compounds showed
efficient photocleavage (cf. supplementary material). When,
however, the shorter wavelengths were blocked out with a 700
nm filter, cleavage efficiencies of 8%, 17%, and 93% were
recorded for the porphyrin control, sapphyrin 4, and LuTx 1,
respectively (Figure 1).!"12

In order to test the ability of LuTx to cleave DNA within a
double-stranded helix, the LuTx complex 2 was conjugated with
two 2’-O-methyl RNA 15-mers (Figure 2, 3A and 3B).!371°
Synthetic DNA 36-mers 5 and 6 were selected as substrates,'*
each complementary in sequence to only one of the LuTx
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5'- LuTxHN(CH,)¢ -PO4— CAU CUG UGA GCC GGG-3' (2-OMe) 3A
3-A AAT AAA ACC TCT GAA GTA GAC ACT CGG CCC ACA AC-5' 5
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§- LUTxHN-(CH3)e-PO,~ CUC GGC CAU AGC GAA-3' (2-OMe) 3B
3-G CGC CAG AGA GGT GAG CCG GTA TCG CTT ACA AGA CA-5' 6
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Figure 2. Synthetic DNA 36-mers S and 6 used as complementary
targets for the LuTx-2"-O-methyl RNA conjugates 3A and 3B. Arrows
indicate positions of strong (40%), intermediate (15—25%), or weak
(=10%) DNA photomodification as exposed by treatment with pip-
eridine.*

LuTx =

conjugates. The 5'-32P-labeled 36-mers were hybridized briefly
with an excess (50 nM) of conjugate, whereupon samples were
irradiated for 15 min using a dye laser tuned to 732 nm.'® No
cleavage was detected in the absence of light (Figure 3, lanes
1, 2, 7, and 8). The presence of the complementary LuTx
conjugate, but not the control noncomplementary conjugate, led
to photodegradation of each of the DNA targets (Figure 3, lanes
3 and 10). Cleavage products were found to comigrate
exclusively with bands generated by the Maxam—Gilbert
sequencing (G) reaction,!” consistent with a mechanism involv-
ing singlet oxygen generation.'® pBR 322 cleavage studies in
the presence of sodium azide, a known singlet oxygen quench-
er,'” and under nitrogen and oxygen atmospheres also support
this mechanism.2%2! Interestingly, the sites of reaction primarily
lie across the minor groove from the position of LuTx
attachment within the duplex, although some cleavage is found
also to occur across the adjacent major groove.?? The cleavage
of DNA at these sites totals 70—80% on each substrate.”?

The efficacy of 3A and 3B in effecting photocleavage in
primarily double stranded regions leads us to suggest that LuTx-
derived photoactivatable conjugates could be prepared to target
duplex DNA within a triple-helical motif using irradiation above
700 nm.3%
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Figure 3. Cleavage of synthetic DNA 36-mers 5 and 6 by LuTx-2"-
O-methyl RNA conjugates 3A and 3B. Autoradiograph of a 20%
denaturing polyacrylamide gel of the oligodeoxyribonucleotides labeled
with 3?P at the 5’-end. Approximately 1 x 105 cpm of substrate was
heated briefly at 60 °C and allowed to cool to ambient temperature in
a total volume of 20 uL of buffer containing 50 mM HEPES, pH 7.5,
100 mM NaCl, 25 uM EDTA, and 5 ug/mL calf thymus DNA. Samples
were irradiated for 15 min at 732 nm.'® Key: lanes 1—6, substrate 5;
lanes 7—12, substrate 6; lanes 1, 3, 7, and 9, 50 nM 3A; lanes 2, 4, 8,
and 10, 50 nM 3B; lanes 1, 2, 7, and 8, dark controls; lanes 5 and 11,
Maxam—Gilbert (G) sequencing reaction;'” lanes 6 and 12, Iverson—
Dervan (A) sequencing reaction.’® Final substrate DNA concentration:
ca. 1 nM. Arrows indicate sites of LuTx-induced photocleavage as
exposed by treatment with piperidine.**
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Supplementary Material Available: pBR 322 gels (2 pages). This
material is contained in many libraries on microfiche, immediately
follows this article in the microfilm version of the journal, can be
ordered from the ACS, and can be downloaded from the Internet; see
any current masthead page for ordering information and Internet access
instructions.
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