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One of the most important goals of the current nucleic acid science is to develop a methodology
to transform a predetermined site in genomic DNA (and RNA therefrom) to another form. For
example, one target nucleotide in the genome should be methylated, oxidized, reduced, and
modified otherwise. Furthermore, various functional moieties (e.g., metal complexes,
chromophores, and sophisticated nanostructures) are introduced to target site in genomes. In the
method developed by our group, single-stranded portion as a hot spot for selective
transformation is formed at target site, and appropriate catalyst is placed there. In order to
construct the desired structure in double-stranded DNA substrate, double-duplex invasion of
pseudo-complementary PNA  (pcPNA) is
employed. Importantly, the binding sites of two
pcPNA strands (blue lines) are laterally shifted
each other by several bases to form a single-
stranded portion(s). The catalyst is covalently
bound to the pcPNA. As a proof-of-concept of this
strategy, artificial DNA cutter to cut genomic DNA
at a predetermined site was fabricated. By
combining these pcPNAs with Ce(IV)/EDTA
complex, site-selective scission of human genome
was successfully accomplished. This system
recognizes in total 20-bp sequence in double-
stranded DNA (one 10-bp sequence involving two
pcPNA invasion + two 5-bp sequences involving
one pcPNA invasion). Accordingly, even in human
genome (3 x 10° bp), only one site can be
selectively cut (4%° >> 3 x 10°).
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Figure 1. Two strategies for site-selective
transformation of DNA. a) Strategy I: the
catalyst is covalently fixed at target site. b)
Strategy II: target site is selectively
activated by non-covalent interactions with
co-catalyst (red), and transformed by the
catalyst for the reaction. Throughout this
review, each strand of DNA and PNA is
shown by bold lines, and thin lines between

them are Watson-Crick base-pairs.
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Figure 2. Molecular structure of PNA as a
synthetic DNA analog used for the present
study (left). For the purpose of comparison,
the structure of DNA is also presented in the

right.
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Figure 3. Double-duplex invasion of a pair of
PNA strands to double-stranded DNA. In the
bottom, molecular structures of pseudo-
complementary bases D and Us are shown.
Note that D-Us pair is unstable due to steric
repulsion (a), whereas D-T pair is sufficiently
stable (b).
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Figure 4. Strategy for site-selective
transformation of double-stranded DNA. A
pair of PNA (blue lines) bearing an
appropriate catalyst invade double-stranded
DNA to form double-duplex invasion
complex. The positions of these two PNAs
are laterally shifted each other, so that a
predetermined site in each strand is kept
single-stranded. These potions are
differentiated from the other parts, and
preferentially transformed by the catalysts
which are placed nearby through the

invasion complex formation.
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Figure 5. Site-selective hydrolysis of
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double-stranded DNA by the combination of
a pair pf pcPNA and Ce(IV)/EDTA. The red
portions are made single-stranded by the
invasion of two pcPNAs, and selectively
hydrolyzed by Ce(IV)EDTA.
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Figure 6. Site-selective hydrolysis of
human genome by artificial DNA cutter
composed of two strands of pcPNA and
Ce(IV)/DNA. The whole genome was
extracted from human cells, and treated
with the artificial DNA cutter. After the
scission, the whole product was digested
with a restriction enzyme, and the
fragments obtained by the dual scission
were analyzed by a blotting study. The site-
selective scission of the human genome by
the artificial cutter was confirmed by the
detection of the band of expected size (see
the band highlighted by red square in the
gel in the left of the bottom).
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