SCIENTIFIC CORRESPONDENCE

PNA as arare
genome-cutter

StrR—There is a continuing need for tech-
niques that will allow genomic DNA
strands to be cut into pieces of between
several hundred kilobase pairs (kbp)
and a few megabase pairs (Mbp). Natural-
ly occurring restriction enzymes and
endonucleases, which usually recognize
between four and six contiguous nucleo-
tides, are too nonspecific to yield such
large fragments. Here we demonstrate
that a peptide nucleic acid (PNA) ‘clamp’,
consisting of two predesigned 8-bp
sequences of PNA linked together, can
bind strongly and sequence-specifically to
DNA, protecting the binding region from
methylation. After removal of this bis-
PNA, methylated DNA can be cut quanti-
tatively by restriction enzymes at the site
selected by the PNA clamp.

PNA, an oligonucleotide mimic in
which the common DNA bases are

attached by linkers to an N-(2-
aminoethyl)glycine  backbone', forms
exceptionally stable complexes with

duplex DNA? When all PNA bases are
pyrimidines, binding to duplex DNA
involves the formation of a PNA,/DNA
complex and the displacement of the com-
plementary strand. The complex can be
stabilized further by replacing the
cytosines in half of the bis-PNA with
pseudoisccytosines®. The specificity and
binding strength of bis-PNA can be used
to design rare cutters of unknown genome
systems. This method is radically different
from existing approaches, which permit
DNA cutting only at predetermined sites
of 20 bp or more™*, We estimate that our
optimum length for the binding sequence
is around 8-10 bp.

We tested our procedure using a bis-
PNA molecule, H-Lys,-TIJJITTI-(egl);-
CTTCCCCT-Lys-NH, (where J refers to
pseudoisocytosine, and egl is 8-amino-
3,6-dioxaoctanoic acid), which has a
unique 8-bp binding site in A-DNA over-
lapping one of the 121 naturally occurring
4-bp Tagl sites. The bis-PNA protected
this Tagl site against CviBIII methylase
(which shows the site specificity of Tagl
methylase), as shown by subsequent
cleavage of the N-DNA into two frag-
ments by Tagl {data not shown). It is an
indication of the specificity of the cutting
process that we found no extra bands in
our gels, even though binding of the bis-
PNA with only one mismatch would have
overlapped another of the Tagl-binding
sites.

To assess the use of bis-PNA in cutting
genomic DNA, we investigated cleavage
of the 16 chromosomes of the yeast
genome using two combinations of
methylation and restriction enzymes:
M-Hhal/Haell and M-Hpall/Smal (see
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Application of the proposed technigue to the yeast genome. a, Results of pulsed-field gel
electrophoresis {PFGE) separation of yeast genome (strain PSY316) after applying bis-
PNA and the M-Hhal/Haell pair of enzymes. Yeast DNA in a low-melting agarose plug was
equilibrated with buffer (20 mM MES, 2 mM EDTA, 10 mM NaCl, pH 6.3, 37 °C) and incu-
bated with 0.2 uM bis-PNA (10 h, 37 °C). Samples were equilibrated in buffer containing
25 mM sodium citrate and 5 mM B-mercaptoethanol (pH 7.0, 37 °C), and incubated
overnight with 15 U Hhal methylase (4 °C, 100 mg mi™ BSA). S-adenosylmethionine (300
mM) was added and methylation performed (37 °C, 2.5 h). The reaction was stopped and
the PNA-DNA complex was dissociated {50 min at 58 °C in 50 mM Tris—-HCI, 500 mM
NaCl, 10 mM EDTA pH 8.2 and 1% SDS).
digested with 4 U Haell restriction endonuclease (100 mg mi™ BSA, 4 h, 37 °C), and the
reaction was then stopped (20 min, 50 mM EDTA, pH 8.7). Samples were equilibrated in
TE buffer, pH 7.5, and loaded onto a 1% agarose gel. The PFGE was run on a CHEF
Mapper system (Bio-Rad). b, Analysis using a PFGE regime permitting resolution of com-
paratively short DNAs (up to about 0.5 Mbp). Bis-PNA (0.4 nM) and two pairs of methyl-
ation/restriction enzymes were used. Lanes 7, 8, results for the M-Hhal/Haell pair (20
and 25 U, respectively); lanes 12, 13, results for the M-Hpall/Smal pair (10 and 15 U,
respectively). Other lanes correspond to control experiments .

Samples were equilibrated in NEBuffer 4,

figure). When bis-PNA and the
Hhal/Haell pair are used, several strong
bands appear (¢ in the figure, lane 1):
below chromosome XIII, above chromo-
some IX and below chromosome I. Chro-
mosomes XVI and 1I arc quantitatively
cut. Higher resolution shows that chromo-
somes 1, VI and IX are uncut whereas
chromosome III is completely cut (b in
the figure, lanes 7 and 8).

The M-Hpall/Smal enzymatic pair with
the same bis-PNA vielded a different,
clear-cut, rare cleavage pattern (b in the
figure, lanes 12 and 13). Chromosomes I,
III, VI and IX are not cut by the
M-Hpall/Smal system, but strong new
bands appear as a result of quantitative
cutting of larger chromosomes (IV and
XVI, data not shown). Sequence data for
chromosomes I11 and II show that each
carries a unique binding site for our PNA
(bold)}, overlapping with the Haell restric-
tion site (underlined) and Hhal methyl-
ation site (italicized): GGCGCTTCCCCT.
No cutting sites are found in the known
sequences of those chromosomes not cut
in our experiments.

We have shown that short bis-PNA
clamps used in conjunction with appropri-
ate pairs of methylation and frequently
cutting restriction enzymes can yield large

fragments of genomic DNA. Although

only pyrimidine bases can be used, that

allows for 2°=256 different sequences.

Together with the large number of pairs

of methylation and frequently cutting

restriction enzymes available, a potentially

very large number of rare-cutting strat-

egies thus become available.
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