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Relaxation of supercoiled plasmid by uranyl ions impreg-
nated on a adenylated polymeric support has been observed
in the presence of visible light and sunlight. This insoluble
polymer support permits facile reusability of the catalytic
system and it failed to cleave lysozyme under the conditions
employed for plasmid modification.

Photoinduced nucleic acid cleavage could be viewed as a
powerful complementary approach to the more widely used
hydrolytic or oxidative cleavage pathways.1 The latter method-
ologies usually require involvement of a metal ion for
nucleophile (water) activation or for the generation of reactive
species, leading to nucleic acid modification.2 Similarly,
photochemical cleavage relies on the photophysical character-
istics of ligands and their metal complexes and several
examples of photonucleases are described in the literature.3 Of
these, uranyl-ion based photocleavage reagents have received
considerable attention for biochemical applications,4 due to the
favorable photophysical properties of the uranyl cation.5 We
have been involved in developing novel catalytic reagents based
on a nucleobase polymeric framework. Recently, we have
reported copper, uranium and ruthenium containing adenylated
polymers as synthetic dephosphorylation reagents using model
phosphate ester substrates.6 Our preliminary investigations with
a uranylated polymer prompted us to evaluate the ability of
uranyl ions contained within an adenylated homopolymer for
light-induced plasmid modification.

AIBN initiated polymerization of 9-(4-vinylbenzyl)adenine
to afford the homopolymer and subsequent metalation with
uranyl acetate monohydrate has been previously reported (Fig.
1).6b The amount of impregnated uranium was determined to be
172.5 mg uranium (g polymer)21 by atomic absorption
spectroscopy. Photoinduced supercoiled plasmid cleavage ex-
periments were performed either under tungsten lamp illumina-
tion or under sunlight, in the presence or absence of the
uranylated homopolymer.7 A time-course investigation of
plasmid DNA relaxation induced by tungsten lamp irradiation
revealed the conversion of the supercoiled form I to nicked form
II in 7 h (lane 6, Fig. 2). However, plasmid modification did not
occur in the absence of uranylated polymer under identical
conditions (lane 2, Fig. 2). In contrast, exposure of the plasmid
to sunlight afforded conversion of form I to form II in 45 min
in the presence of the uranylated polymer (lane 2, see Fig. 4A
below).

Next, the cleavage reactions were performed in the presence
of radical scavengers such as tert-butanol, D-mannitol and

singlet oxygen quencher NaN3, to ascertain the probable
mechanism of DNA modification. The use of scavenger gel
assay using tert-butanol and D-mannitol afforded similar results
for both tungsten lamp and sunlight-induced plasmid cleavage
(lanes 3, 4, Fig. 3; lanes 3–5, Fig. 4A). These results
demonstrate that diffusible free radicals are probably not
involved in the cleavage reaction. But the cleavage reaction was
appreciably inhibited in the presence of singlet oxygen
quencher NaN3 (lane 5, Fig. 3; lane 6, Fig. 4A). This indicates
a significant role of singlet oxygen species in plasmid relaxation
for both illumination conditions, which was further confirmed
by cleavage under anaerobic conditions.8 Partial plasmid
modification was observed under anaerobic conditions employ-
ing a tungsten lamp (lane 3; Fig. 4B). Taking these results
together, it can be inferred that DNA cleavage occurred even in
the absence of oxygen, which is in accordance with the observed
effects of uranyl ions on DNA.

Fig. 1 Uranylated homopolymer for photoinduced DNA scission.

Fig. 2 Uranylated homopolymer mediated DNA cleavage experiment at
different time intervals with tungsten lamp irradiation. Lane 1: DNA alone;
lane 2: DNA under tungsten lamp (7 h); lanes 3–6: DNA + polymer (1 h, 3
h, 5 h, and 7 h respectively).

Fig. 3 pBR322 cleavage in the presence of free radical scavengers and
singlet oxygen quencher mediated by uranylated homopolymer after
irradiation for 7 h with a tungsten lamp. Lane 1: DNA alone; lane 2: DNA
+ polymer; lane 3: DNA + polymer + tert-butanol (100 mM); lane 4: DNA
+ polymer + D-mannitol (100 mM); lane 5: DNA + polymer + sodium azide
(100 mM).

Fig. 4 pBR322 cleavage in the presence of free radical scavengers and
singlet oxygen quencher, mediated by uranylated homopolymer in the
presence of sunlight for 45 min (A) and cleavage in anaerobic conditions (B)
with tungsten lamp irradiation for 7 h. (A): Lane 1: DNA alone; lane 2:
DNA + polymer; lane 3: DNA + polymer + tert-butanol (100 mM); lane 4:
DNA + polymer + D-mannitol (100 mM); lane 5: DNA + polymer + DMSO
(100 mM); lane 6: DNA + polymer + sodium azide (100 mM). (B): Lane 1:
DNA alone; lane 2: DNA + polymer; lane 3: DNA + polymer (anaerobic
conditions).
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Unmetalated polymer failed to cleave DNA under both
illumination conditions confirming the crucial role of uranyl
ions for the photonucleolytic activity (lanes 2, 3, Fig. 5A).

A novel feature of our system is its facile reusability.
Typically, the irradiated reaction mixture was centrifuged to
leave uranylated polymer in the pellet form. After removal of
the supernatant, the polymer was washed with buffer and reused
for subsequent reactions. Gel electrophoresis tracking of wash
fractions ensured complete removal of residual modified DNA.
The uranylated homopolymer was then successfully reused for
three consecutive cleavage reactions and each time satisfactory
conversion of form I to form II was observed (Fig. 5B). These
results are expected to provide a new paradigm for heteroge-
neously active, reusable photonucleases.

Curiously, this system proved to be ineffective towards
protein modification, as probed by using lysozyme under
tungsten lamp irradiation (Fig. 6).9 No detecable cleavage of the
protein was observed thus suggesting a greater degree of
selectivity towards nucleic acid cleavage and even higher
molecular weight cross-linked products were also not apparent
from the gel analysis. Although the precise reasons are not clear
at the present time, such discrimination should allow for
specific degradation of nucleic acid contaminants.

Though many heterogeneously active artificial nucleases and
synthetic immobilized systems have been developed, directed
attempts have not been made to study their reusability for DNA
cleavage.10 We have introduced a novel uranylated homo-
polymer as an artificial photonuclease for supercoiled plasmid
DNA modification. This report details a singular example of a
reusable photonuclease having the potential to be further
developed for suitable investigations in chemical biology.
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Fig. 5 pBR322 cleavage with unmetalated polymer (A) and reusability of
metalated polymer with tungsten lamp irradiation for 7 h (B). (A): Lane 1:
DNA alone; lanes 2, 3: DNA + unmetalated polymer with tungsten lamp and
sunlight irradiation for 7 h and 45 min respectively. (B): Lane 1: DNA
alone; lane 2: DNA + fresh polymer; lanes 3–5: first, second, third recycle
experiments, respectively.

Fig. 6 Lysozyme cleavage experiment by using uranylated homopolymer
under tungsten lamp (37 °C) and sunlight irradiation (30 °C). Lane 1:
molecular weight markers (Da) (17000; 14200; 6500 from top to bottom);
lane 2: lysozyme alone; lanes 3, 4: lysozyme + polymer under tungsten lamp
(24 h) and under sunlight (8 h), respectively.
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