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Activation of S1 nuclease at neutral pH
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SI nuclease is a single-strand-specific endonuclease that
degrades DNA and RNA to nucleoside 5'-monophosphates. It
has an acid pH optimum (4.0-4.5) and requires Zn2+ or Co2+
for maximal activity (1). This enzyme is widely used in DNA
manipulation, mainly for the characterization of mRNAs
(SI-mapping) (2) and the study of the tertiary structure of DNA
(3, 4). A distinct disadvantage of the SI nuclease is that it is
active only at low pH.
Here we report that the metal ion requirements of SI change

at neutral pH and that this nuclease can be used at pH 7.5 with
Mg2+ as metal activator (S1 is essentially inactive in the
presence of Mg2+ at acid pH; 1). As an example, we describe
the degradation of a partially duplex DNA molecule with a 3'
ssDNA tail. The longest strand is labeled at the 5'-end (see Figure
1). SI cleavage is expected to shorten the 5'-labeled strand
yielding a blunt duplex molecule with the length of the non-
protruding strand. This assay allows a quantitative estimation of
the S1 activity in different conditions of pH and metal activation,
and also, a direct inspection of its ability to discriminate ss versus
dsDNA. Lanes 1-5 in Figure 1 show the SI-catalyzed
degradation of the partial duplex at different S1 doses in standard
conditions (1 mM Zn2+, pH 5.0). Using intermediate S1
concentrations (lane 3) most of the original substrate was made
blunt-ended, although the ssDNA positions closest to the double-
stranded region were more resistant to S I cleavage.
Zn2+-activation using neutral pH conditions was much more
inefficient (lanes 6-10), SI being unable to fully degrade the
single-stranded portion of the molecule at the highest
concentration tested (lane 10). Lanes 11-15 show the degradation
obtained with 20 mM Mg2+ (this concentration was shown to
be the optimal one). Comparing lanes 1-5 with lanes 11-15
it can be concluded that SI is 10-fold more efficient when
activated with Zn2+ at acid pH than when activated with Mg2+
at neutral pH. Nevertheless, in neutral conditions,
Mg2+-activation represents a 100-fold stimulation over
Zn2+-activation. Moreover, the degradation pattern obtained
with 1 mM Zn2+ at pH 5.0 was very similar to the one obtained
with 20 mM Mg2+ at pH 7.5 (compare lanes 2 and 3 with lanes
13 and 14). These results have been confirmed using different
oligonucleotides as well as M13 ssDNA (not shown).

Despite the 10-fold reduction of activity, we have shown that
S1 can be used in neutral pH conditions for its most usual
application: the specific removal of ssDNA. The possibility of
using SI at neutral pH will enlarge the usefulness of this
enzyme, allowing the study of protein-DNA interactions that
generally occur at neutral pH. The suitability of SI over other

cleaving agents is based on its lack of sequence-specificity and
harmful effects on proteins (as other chemical agents potentially
have). The theoretical interest of this finding concerning the
metal-assisted mechanism of S1 cleavage remains open.
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Figure 1. Cleavage of a partially duplex DNA molecule by SI nuclease. A
5'-labeled (indicated with a dot) 48-mer oligonucleotide (0.5 ng, 6000 cpm),
hybridized with a 29-mer oligonucleotide complementary to the 5' end, was used
as substrate. The incubation mixture contained 50 mM NaCl, 5% glycerol, 50
mM NaOAc pH 5.0 (lanes 1-5) or 50 mM Tris-HCI pH 7.5 (lanes 6-15),
1 mM ZnCl2 (lanes I-10) or 20 mM MgC12 (lanes 11-15) and Si nuclease
as follows: 3.5 x i0-3 U (lanes 1, 6 and 11), 3.5 x 10-2 u (lanes 2, 7 and 12),
0.35 u (lanes 3, 8 and 13), 3.5 u (lanes 4, 9 and 14) or 35 u (lanes 5, 10 and
15). SI unit, as defined by the manufacturer (Pharmacia). Reactions were carried
out for S min at 25°C, stopped with EDTA to 20 mM and analyzed by PAGE
(8% polyacrylamide, 8 M urea).
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