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By treating single-stranded DNA with nuclease S1 in the
presence of peptide nucleic acid (PNA), oligonucleotides of
predetermined size were successfully obtained. Mass spectro-
scopy on these fragments concretely substantiated alteration of
one nucleotide to another, if any, in the DNA.

Single nucleotide polymorphisms (SNPs) are common
interindividual variations in human genes, and the keys for
discovery of disease-responsible genes, pharmacogenetics, and
others.2 Recent completion of human genome project has further
enhanced their importance. Among dozens of previous methods
for SNPs detection,3;4 mass spectroscopy has attracted much
interest mainly because precise and straightforward diagnosis can
be rapidly achieved.5 However, preparation of short DNA
fragments (<15mer) containing SNP site has been difficult. Here
we report a method for SNP detection in which PNA is combined
with nuclease S1 (being specific to the hydrolysis of single-
stranded DNA).6{9 Designated DNA fragments are formed from
the target DNA in sufficient amounts and concretely genotyped by
matrix-assisted laser desorption/ionization time-of-flight mass
spectroscopy (MALDI-TOF MS).

The PNAðpÞ probe in Scheme 1 was synthesized according to
the literature and a glycine residue was attached to its C-
terminus.10 The DNA substrates (DNAðsÞ1–4) were prepared on
an automated synthesizer and labeled with fluorescein isothio-
cyanate (FITC) at their 30-termini.11 At pH 4.6 (acetate buffer)
and 10 �C, the DNA/PNA composites were digested for 30 min
with nuclease S1 (from Life Technologies). Then, the mixtures
were subjected to denaturing polyacrylamide gel electrophoresis
and quantified with a Fuji Film FLA-3000G imaging analyzer.

The typical electrophoresis patterns are presented in Figure 1.
When DNAðsÞ1 was treated with nuclease S1 in the presence of
PNAðpÞ, a 9-mer oligonucleotide was predominantly obtained
(lane 7). The minor product was a 10-mer fragment. Here, the 30-
side portion of DNAðsÞ1 is complementary with PNAðpÞ, and its 50-
side portion remains single-stranded. Apparently, this single-
stranded part was predominantly digested by nuclease S1, and the
duplex portion was left intact. As the result, the 10-mer
oligonucleotide was formed. Under the reaction conditions
employed, the nucleotide in the 50-terminus of this 10-mer (C in

the present case) was further removed by the enzyme, providing
the 9-mer fragment (its yield is over 50%). When DNAðsÞ2,
DNAðsÞ3, or DNAðsÞ4 was combined with PNAðpÞ and the DNA/
PNA composite involves a mismatch at the 15th position (C-C, A-
C, and T-C, respectively), the corresponding 9-mer fragment was
also obtained in about 20% yield (lanes 8–10). It is noteworthy
that PNAðpÞ must be used in order to produce the required
oligonucleotides. Upon using DNAðpÞ instead of PNAðpÞ under the
same reaction conditions, all of DNAðsÞ1–4 substrates were
completely hydrolyzed to small fragments and neither 9-mer nor
10-mer oligonucleotide was obtained (lanes 3–6). Here, the
DNAðpÞ could not sufficiently protect DNAðsÞ substrates from the
enzymatic digestion so that even the double-stranded portion of
DNAðsÞ was cleaved by the enzyme. The DNA/DNA duplex is less
stable than the corresponding PNA/DNA duplex. Furthermore,
the DNA probe itself was also susceptible to the digestion by
nuclease S1.

Scheme 1. PNAðpÞ and DNAðpÞ probes as well as the substrate
DNAs (DNAðsÞ1–4). The nucleotide at the 15th position of
DNAðsÞ (in italic) was systematically changed.
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Figure 1. Electrophoresis patterns for the nuclease S1 diges-
tion of DNAðsÞ1–4 in the presence of PNAðpÞ or DNAðpÞ.
Reaction conditions: [DNAðsÞ1–4] = 10 and [PNAðpÞ] =
[DNAðpÞ] = 12mmol/L, and [nuclease S1] = 0.25 unit/mL at
pH 4.6 and 10 �C for 30 min (L = dm3).
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The main DNA fragments obtained by the enzymatic
digestion were further analyzed by MALDI-TOF MS (see Figure
2).12 As shown in Table 1, the experimentally determined mass
numbers of these fragments were in fair agreements with the
values calculated for the corresponding 9-mer fragments which
bear the FITC derivative at their 30-ends. The change of one
nucleotide in these oligonucleotides resulted in mass-difference
of 9–40, which was exactly identical with the difference of
molecular weights of A, G, C, and T. Accordingly, the kind of
nucleotide at the 15th position in the substrate DNA was
unanimously pinned down by this method, and a single-base
discrimination was successfully accomplished. Other kinds of
mismatches could be analyzed in a similar way.

In conclusion, oligonucleotides of predetermined size in the
target DNA were obtained by combining PNA and nuclease S1.
By analyzing these fragments with mass spectroscopy, alteration

of only one nucleoside to another was straightforwardly
substantiated. Application of this technique to the detection of
SNPs in human genomes is currently under way in our laboratory.
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Figure 2. MALDI-TOF MS spectra of the main products of
nuclease S1 digestion of DNAðsÞ in the presence of PNAðpÞ. (a)
DNAðsÞ1+PNAðpÞ (G-C full-match); (b) DNAðsÞ2+PNAðpÞ (C-C
mismatch); (c) DNAðsÞ3+PNAðpÞ (A-C mismatch); (d)
DNAðsÞ4+PNAðpÞ (T-C mismatch). Mass spectra were recorded
in a negative ion mode. The small peaks next to the major peak
correspond to the adducts with Kþ ions.

Table 1. Mass numbers of the fragments obtained by digesting
various DNA substrates with nuclease S1 in the presence of
PNAðpÞa

DNA substrate Calcd Foundb

DNAðsÞ1 3424.7 3425.2
DNAðsÞ2 3384.1 3385.3
DNAðsÞ3 3408.2 3409.6
DNAðsÞ4 3399.1 3401.2

aThe conditions of the enzymatic digestion are presented in the
text.
bExperimental error in these values is around 2.
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