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ABSTRACT: The monomeric homing endonuclease PI-SceI harbors two catalytic centers which cooperate
in the cleavage of the two strands of its extended recognition sequence. Structural and biochemical data
suggest that catalytic center I contains Asp218, Asp229, and Lys403, while catalytic center II contains
Asp326, Thr341, and Lys301. The analogy with I-CreI, for which the cocrystal structure with the DNA
substrate has been determined, suggests that Asp218 and Asp229 in catalytic center I and Asp326 and
Thr341 in catalytic center II serve as ligands for Mg2+, the essential divalent metal ion cofactor which
can be replaced by Mn2+ in vitro. We have carried out a mutational analysis of these presumptive Mg2+

ligands. The variants carrying an alanine or asparagine substitution bind DNA, but (with the exception of
the D229N variant) are inactive in DNA cleavage in the presence of Mg2+, demonstrating that these
residues are important for cleavage. Our finding that the PI-SceI variants carrying single cysteine
substitutions at these positions are inactive in the presence of the oxophilic Mg2+ but active in the presence
of the thiophilic Mn2+ suggests that the amino acid residues at these positions are involved in cofactor
binding. From the fact that in the presence of Mn2+ the D218C and D326C variants are even more active
than the wild-type enzyme, it is concluded that Asp218 and Asp326 are the principal Mg2+ ligands of
PI-SceI. On the basis of these findings and the available structural information, a model for the composition
of the two Mg2+ binding sites of PI-SceI is proposed.

The genes encoding homing endonucleases can be con-
sidered to be selfish elements, as the activity of their gene
products results in self-propagation of these genes (1).
Homing endonucleases are usually encoded by introns and
inteins and occur in prokaryotes and eukaryotes as well as
in archeae. By making a specific double-strand cut in a
homologous intron- or inteinless allele, they initiate a
recombination event which leads to the “homing” of their
coding sequence (reviews in refs2-5).

Homing endonucleases can be grouped into four families,
characterized by the sequence motifs LAGLIDADG, GIY-
YIG, H-N-H, and the His-Cys box (reviews in refs6-8),
the latter two belonging to theââRMe family of endonu-
cleases (9). The LAGLIDADG enzymes constitute the largest
family of homing endonucleases (10). Prominent members
are the intein-encoded PI-SceI (from Saccharomyces cer-
eVisiae) and PI-PfuI (from Pyrococcus furiosus) and the
intron-encoded I-CreI (from Chlamydomonas reinhardtii)
and I-DmoI (from Desulfurococcus mobilis), whose crystal
structures are known and which have been studied biochemi-
cally in considerable detail. I-CreI is a homodimer with one

LAGLIDADG motif in each subunit (11), while PI-SceI (12),
I-DmoI (13), and PI-PfuI (14) are monomers which have a
catalytic domain with two subdomains, each containing a
LAGLIDADG motif, arranged in a pseudosymmetrical
manner. For I-CreI, a cocrystal structure has been determined
(15) which shows that the two symmetry-related LAGL-
IDADG motifs are part of two catalytic centers responsible
for cleavage of the two strands of the DNA. The penultimate
Asp residue of the LAGLIDADG motif in I-CreI is one of
the ligands for the divalent metal ion cofactor (Mg2+ or Mn2+,
substituted by the inactive analogue Ca2+ in the cocrystal).
This Asp residue is conserved in the monomeric relatives
of the homodimeric I-CreI, namely, PI-SceI (Asp218 in one
LAGLIDADG motif and Asp326 in the other), I-DmoI
(Asp21 and Glu117), and PI-PfuI (Asp149 and Glu250). The
catalytic importance of this acidic residue has been demon-
strated by a mutational analysis of I-CreI (16), PI-SceI (17),
and PI-PfuI (18). The I-CreI cocrystal structure shows that
in each subunit Gln47 serves as a second ligand for the
divalent metal ion cofactor. In PI-SceI Asp229 and Thr341
are found in a similar position in the two subdomains, in
I-DmoI Gln42 and Gln129, and in PI-PfuI Asp173 and
Met263. Gln47 in I-CreI (16), Asp229 and Thr341 in PI-
SceI (19, 20), and Asp173 in PI-PfuI (18) have been shown
to be catalytically important by mutational analysis.

Although it is clear from the cocrystal structure of I-CreI
that Asp20 and Gln47 are Mg2+ binding ligands, it is only
inferred by analogy to I-CreI that the homologous amino
acid residues have the same function for the other members
of the LAGLIDADG family of homing endonucleases. We
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had shown previously that PI-SceI, which is a monomeric
enzyme, harbors two catalytic centers and thus functionally
is similar to the homodimeric I-CreI. The results of DNA
cleavage and metal ion mapping experiments with PI-SceI
variants carrying amino acid substitutions in the presumptive
active site allowed us to suggest that catalytic center I
directed against the top strand consists of Asp218, Asp229,
and Lys403, and that catalytic center II directed against the
bottom strand consists of Asp326, Thr341, and Lys301. To
demonstrate directly that Asp218, Asp229, Asp326, and
Thr341 in the PI-SceI homing endonuclease are the Mg2+

binding ligands in the two catalytic centers, as suggested in
a previous work (20), we have now subjected these residues
to a detailed mutational analysis and measured the DNA
cleavage activity of the different variants in the presence of
Mg2+ and Mn2+. Our results support the notion that these
residues are involved in Mg2+ binding. The finding that the
D218C and D326C variants are completely inactive in the
presence of the oxophilic Mg2+ and even more active than
the wild-type enzyme in the presence of the thiophilic Mn2+

allows us to conclude that in PI-SceI Asp218 and Asp326
are the principal ligands for the divalent metal ion cofactor,
and most likely form inner sphere complexes with the Mg2+

ion.

EXPERIMENTAL PROCEDURES

Mutagenesis and Purification of PI-SceI.Site-directed
mutagenesis of the PI-SceI gene was performed by a PCR1-
based technique essentially as described by Kirsch and Joly
(21). The sequences of the mutated genes were confirmed
by sequencing. Wild-type PI-SceI and the PI-SceI variants
were purified to>95% homogeneity as described by Wende
et al. (22).

DNA CleaVage Experiments.DNA cleavage experiments
were carried out with 7 nM linearized or supercoiled plasmid
DNA pBSVDEX (22) as the substrate. The reactions were
performed in 10 mM Tris-HCl (pH 8.5) and 100 mM KCl
containing 2.5 mM MgCl2 or in 10 mM Tris-HCl (pH 7.5)
and 100 mM KCl containing 2.5 mM MnCl2. After defined
time intervals, aliquots were withdrawn and the reaction was
stopped with1/5 volume of 250 mM EDTA (pH 8.0), 25%
sucrose, 1.2% SDS, 0.1% bromophenol blue, and 0.1%
xylene cyanol. The substrate and products were separated
by electrophoresis on 1.2% agarose gels in 80 mM Tris-
phosphate (pH 8.2) and 2 mM EDTA. After being stained
with ethidium bromide, the gels were analyzed using a gel
documentation system (Intas) and the cleavage rates were
determined using the program TINA (Raytest).

Electrophoretic Mobility Shift Experiments.For electro-
phoretic mobility shift experiments (22), a 32P-labeled 311
bp DNA fragment (7 nM) derived from pBSVDEX and
containing a single PI-SceI site was incubated with increasing
amounts of enzyme in 10 mM Tris-HCl (pH 7.5), 50 mM
NaCl, 2 mM CaCl2, 1 mM DTT, 0.05% nonfat dry milk,
5% glycerol, and 0.1µg/10µL poly(dI-dC) (Pharmacia) for
30 min at room temperature. After incubation, 3µL of 10%

Ficoll, 15% glycerol, 0.2% bromphenol blue, and 0.2%
xylene cyanol was added to the 15µL reaction mixture and
electrophoresis was carried out on 6% polyacrylamide gels
in 50 mM Tris-borate (pH 8.3) and 2 mM Ca2+. The gels
were analyzed using an Instant Imager (Canberra Packard).

Photo-Cross-Linking Experiments.Photo-cross-linking
experiments were carried out with 20µM wild-type PI-SceI,
20µM D218C or D326C variant, and 20µM double-stranded
oligodeoxynucleotide comprising the PI-SceI recognition site
and substituted with iododeoxyuridine at position 9 in the
bottom strand (23). The samples were irradiated for 90 min
with a 40 mW HeCd laser (λ ) 325 nm). Following
irradiation, aliquots of the reaction mixtures were analyzed
by SDS-PAGE. The gels were silver stained and subjected
to autoradiography.

RESULTS

Identification of PresumptiVe Mg2+ Binding Ligands of PI-
SceI by Structure Comparisons.Figure 1 shows a superposi-

1 Abbreviations: EDTA, ethylenediaminetetraacetic acid; 5-IdU,
5-iododeoxyuridine; lc, lower complex; lin, linear; PAGE, polyacry-
lamide gel electrophoresis; PCR, polymerase chain reaction; PDB,
Protein Data Bank; sc, supercoiled; SDS, sodium dodecyl sulfate; uc,
upper complex.

FIGURE 1: Comparison of the catalytic centers of the homing
endonucleases PI-SceI (PDB entry 1VDE) and I-CreI (PDB entry
1BP7). Shown in panel A is a detail of the I-CreI-DNA complex
structure. In the active site of I-CreI, the two Ca2+ ions are
complexed by Asp20 (homologous to Asp218 and Asp326 in PI-
SceI) and Gln47 (homologous to Asp229 and Thr341 in PI-SceI).
Lys98 (homologous to Lys301 and Lys403 in PI-SceI) is interacting
with the labile phosphate. Only the sugar-phosphate backbone at
the site of cleavage is depicted, the 5′-part darkly colored and the
3′-part lightly colored. Shown in panel B is the superposition of
the active site amino acid residues of I-CreI with the corresponding
residues of PI-SceI which was carried out with the backbone atoms
of the amino acid residues displayed. The amino acid residues of
PI-SceI are shown in black, and the corresponding amino acid
residues of I-CreI (Asp20, Gln47, and Lys98) are shown colored
by atom type.
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tion of the active sites of the homodimeric I-CreI [from the
structure of the enzyme-DNA complex (15) determined in
the presence of Ca2+, an inactive analogue of the essential
cofactor Mg2+] and the monomeric PI-SceI [from the
structure of the free enzyme (12)]. The two catalytic centers
of I-CreI, one in each subunit, are composed of Asp20 and
Gln47, which are ligands for the divalent cation, and Lys98
which could serve to stabilize the extra negative charge at
the phosphate attacked in the transition state. In PI-SceI,
Asp218, Asp229, and Lys403 in one catalytic center and
Asp326, Thr341, and Lys301 in the other are found in an
arrangement similar to that of the corresponding amino acid
residues in I-CreI. As a matter of fact, if one also considers
the structures of the two other monomeric homing endonu-
cleases of the LAGLIDADG family (Table 1), whose
structures are known, namely, I-DmoI (13) and PI-PfuI (14),
it becomes clear that in each catalytic center, the presumptive
Mg2+ binding site is formed by an acidic and a polar amino
acid residue, and in addition that a lysine residue is present
in most cases. This comparison emphasizes that in PI-SceI
Asp218 and Asp229 as well as Asp326 and Thr341 are good
candidates to be the ligands for Mg2+ on the protein side in
the enzyme-substrate complex. To demonstrate this, we
have carried out a mutational analysis at these positions with
a particular emphasis on a comparison between Mg2+- and
Mn2+-supported DNA cleavage by the cysteine variants that
were produced. The rationale of this comparison is that the
thiophilic Mn2+ should be able to “rescue” a cysteine variant
which is inactive in the presence of the oxophilic Mg2+,
because of the fact that sulfur is a good ligand for Mn2+ but
not Mg2+ (24). Indeed, using this comparison, Mg2+ ligands
were identified in ribozymes (25, 26) and more recently in
enzymes with nucleolytic activity, viz., Tn7 transposase (27),
Tn10 transposase (28), and RAG1 and RAG2 (29), which
are involved in V(D)J recombination.

DNA Binding Experiments with PI-SceI Variants.The PI-
SceI variants with alanine, asparagine, and cysteine substitu-
tions at positions 218, 229, 326, and 341 were produced,
purified to homogeneity, and characterized with respect to
DNA binding and DNA cleavage activity. Gel shift experi-
ments (representative examples are shown in Figure 2)
demonstrated that all variants are able to bind a 311 bp PCR
fragment with a central PI-SceI recognition site with the same
or almost the same affinity as wild-type PI-SceI, with the
exception of the T341A, -N, and -C variants which display
an approximately 10-fold lower affinity than the other
variants. It is noteworthy that all variants such as the wild-
type enzyme form the so-called upper and lower complex,
in which the DNA bend angles differ (22, 30). It is thought
that the upper complex, which has a lower electrophoretic

mobility than the lower complex, is the productive enzyme-
substrate complex (22, 30), as variants which only form the
lower complex are inactive. The results of the gel shift
experiments demonstrate that the catalytic inactivity is not
due to a drastic decrease in affinity or to an inability to form
the upper complex.

Photo-Cross-Linking Experiments with Selected PI-SceI
Variants.To obtain further support for the assumption that
the variants investigated here are able to bind their substrate
in the same manner as the wild-type enzyme, a prerequisite
for our analysis, we have performed photo-cross-linking
experiments with the D218C and D326C variants. It had been
shown before that wild-type PI-SceI can be cross-linked in
good yield with an oligodeoxynucleotide carrying a thymi-
dine to iododeoxyuridine substitution at position 9 in the
bottom strand of the PI-SceI recognition sequence (31) and
that the cross-linked complex is enzymatically active (20).
Figure 3 shows that D218C and D326C can be cross-linked
with the same yield as the wild-type enzyme, making it very
likely that the aspartic acid to cysteine exchange has not
affected the ability of these two variants to form an enzyme-
substrate complex with a similar if not the same conformation
as the wild-type enzyme.

DNA CleaVage ActiVity of the PI-SceI Variants in the
Presence of Mg2+ and Mn2+. The DNA cleavage activity of
the different variants was determined with a plasmid DNA
with a single PI-SceI recognition site in the presence of Mg2+

and Mn2+. Figure 4 shows the kinetics of cleavage of
linearized pBSVDEX by wild-type PI-SceI and the D218C
and D326C variants. Table 2 summarizes the results obtained
for the cleavage of the linearized as well as the supercoiled
plasmid DNA by the different variants. With the exception
of the D229N, all variants are inactive in the presence of
Mg2+, even when a substrate under torsional stress (super-
coiled plasmid DNA) is used (data not shown), which in
some cases leads to cleavage of substrates that are not
cleaved in a relaxed state (linear plasmid DNA) (32). In the
presence of Mn2+, differential effects are observed for the
different variants: the D218A and -N, D229A, and D326A
and -N variants are also inactive in the presence of Mn2+.
The D218C, D229C, and D326C as well as the T341A, -N,
and -C variants, in contrast, are activated by Mn2+. For two
variants, D218C and D326C, the effect of Mn2+ is dramatic,
as they are activated to levels exceeding wild-type activity
levels (Figure 4). For these two variants, we have shown
that their Mn2+-dependent cleavage activity can be inhibited

Table 1: Catalytic Centers of LAGLIDADG Homing
Endonucleasesa

I-CreI PI-SceI I-DmoI PI-PfuI

I II I(B) b II(A) b I(A) b II(B) b I II

Asp20 Asp20 Asp218 Asp326 Asp21 Glu117 Asp149 Glu250
Gln47 Gln47 Asp229 Thr341 Asp42 Gln129 Asp173 ?
Lys98 Lys98 Lys403 Lys301 ? Lys120 Lys322 ?

a Based on the cocrystal and crystal structures of I-CreI (15), PI-
SceI (12), I-DmoI (13), and PI-PfuI (14). b It was pointed out by Silva
et al. (13) that the catalytic centers I and II of PI-SceI are homologous
to catalytic centers II and I, respectively, of I-DmoI.

FIGURE 2: DNA binding of wild-type PI-SceI and the PI-SceI
variants D218C and D326C. The analysis was carried out with a
gel shift assay with a 311 bp DNA fragment containing a single
PI-SceI binding site. Aliquots of 7 nM substrate were incubated
with increasing amounts of enzyme. Complex formation was
analyzed on a 6% polyacrylamide gel. The positions of the upper
complex (uc) and lower complex (lc) are indicated on the right.
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by Ca2+ and even better by Zn2+, two divalent cations that
also inhibit the Mg2+- or Mn2+-dependent cleavage activity
of the wild-type enzyme (data not shown). In contrast to that,
Mg2+ in a 10-fold excess over Mn2+ does not inhibit DNA
cleavage by D218C and D326C (data not shown), demon-
strating that these variants do not bind Mg2+ with measurable
affinity at the presumptive metal ion cofactor binding sites.
It must be emphasized that we have not seen preferential
nicking with any variant under any conditions described here,
in agreement with results obtained previously by Gimble’s

group and our group for wild-type PI-SceI (22, 33). This is
evidence for a tight coupling of the two catalytic centers: if
one is knocked out, the other is also impaired.

DISCUSSION

Most enzymes that catalyze phosphoryl transfer reactions,
like nucleases, require divalent metal ion cofactors (34). For
restriction endonucleases and homing endonucleases, mag-
nesium is the metal ion of choice. Its precise role in catalysis
of phosphodiester bond cleavage, however, is not clear. It is
not even clear whether related enzymes, for example, the
members of the PD...D/EXK family of restriction enzymes,
follow the same catalytic mechanism and require one or two
Mg2+ ions for phosphodiester bond cleavage (35, 36). In
principle, the same uncertainty exists among the LAGL-
IDADG family of homing endonucleases. The crystal
structures of four different members of this family are known.
They show that the catalytic centers are similar but not
identical (cf. Table 1). For only one homing endonuclease,
I-CreI, has a cocrystal structure with the DNA substrate in
the presence of Ca2+ ions (which do not support cleavage)
been determined, which allows us to suggest also for related
enzymes which amino acid residues might be involved in
Mg2+ binding. Such a suggestion, however, must be tested
experimentally, in particular as I-CreI is a homodimeric
enzyme which recognizes and cleaves an almost symmetric
sequence, whereas PI-SceI is a monomeric enzyme with two
active sites which recognize a largely asymmetric sequence
whose top and bottom strands are cleaved by two different
catalytic centers. On the basis of the comparison of the

FIGURE 3: SDS-PAGE analysis of the photo-cross-linking reactions of wild-type PI-SceI and the variants D218C and D326C with a
double-stranded oligodeoxynucleotide substituted with 5-IdU at position T+9 in the bottom strand. Shown on the left is the silver-stained
gel and on the right the autoradiogram.- and+ denote the sample before and after irradiation. The positions of cross-linked PI-SceI (CL)
and un-cross-linked PI-SceI (free) are indicated. S represents the molecular mass standard. The identity of the upper band as representing
the cross-linked complex was established by demonstrating that this band is shifted to a lower position when the reaction mixture is incubated
with Mn2+ after irradiation as described by Christ et al. (20).

FIGURE 4: Cleavage activity of wild-type PI-SceI and the PI-SceI variants D218C and D326C. Cleavage reactions were performed using
7 nM linearized plasmid DNA and 100 nM enzyme in the presence of MgCl2 ([) or MnCl2 (2). The product mixture was analyzed on a
1.2% agarose gel. Curves representing initial rates are given for MgCl2 (s) and MnCl2 (‚‚‚).

Table 2: DNA Cleavage Activity of PI-SceI Variants with Amino
Acid Substitutions in Catalytic Centers I and II

relative cleavage activity

lin substrate sc substrate

variant Mg2+ Mn2+ Mg2+ Mn2+

wild type 1a 1b 1c 1d

D218A inactive inactive inactive inactive
D218N inactive inactive inactive inactive
D218C inactive 1.6 inactive 1.3
D229A inactive inactive inactive inactive
D229N 0.4 0.5 0.4 0.5
D229C inactive 0.2 inactive 0.3
D326A inactive inactive inactive inactive
D326N inactive inactive inactive inactive
D326C inactive 3.7 inactive 5.2
T341A inactive 0.6 inactive 0.7
T341N inactive 0.8 inactive 0.9
T341C inactive 0.6 inactive 0.8
a k ) (0.7( 0.08)× 10-3 min-1. b k ) (0.8( 0.02)× 10-3 min-1.

c k ) (0.7 ( 0.10) × 10-3 min-1. d k ) (0.7 ( 0.07) × 10-3 min-1.
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catalytic centers of I-CreI and PI-SceI (Figure 1), we have
identified four amino acid residues, two for each catalytic
center of PI-SceI, as candidate ligands for Mg2+: Asp218
and Asp229 in catalytic center I and Asp326 and Thr341 in
catalytic center II. These residues were exchanged for
alanine, asparagine, and cysteine, with no dramatic effect
on DNA binding and bending by the resulting variants. The
D218A and -N as well as the D326A and -N variants had
been produced previously by Gimble and Stephens (30) and
shown to be inactive in DNA cleavage, in the presence of
both Mg2+ and Mn2+; they were included in our mutational
analysis only for the sake of comparison. Our results show
that not only Asp218 and Asp326 but also Asp229 and
Thr341 are required for activity, as their substitution with
alanine and in the case of Thr341 also with asparagine leads
to binding competent but catalytically inactive enzymes with
Mg2+ as a cofactor. The substitution of Asp229 with
asparagine, in contrast, is well tolerated. This result, as well
as the finding that the T341A and -N variants are active in
the presence of Mn2+, suggests that Asp229 and Thr341 are
not as essential as Asp218 and Asp326, which can only be
replaced with glutamic acid, however, with a great reduction
in catalytic activity (30). All these results demonstrate that
Asp218, Asp229, Asp326, and Thr341 are more or less
essential for the catalytic activity of PI-SceI, but do not allow
us yet to conclude that they are involved in Mg2+ binding.
This conclusion is only justified for Asp218 and Asp326
when considering our finding that Mn2+ can rescue the
activity of the D218C and D326C variants, not, however, of
D218A and -N or D326A and -N. For Asp229 and Thr341,
this conclusion cannot be drawn with the same confidence,
because at these positions the D229A and -N and T341A
and -N variants are also activated by Mn2+, albeit not to
such an extent. The difference in behavior of the D218 and
D326 variants on one side and the D229 and T341 variants
on the other side may be due to the fact that Asp218 and
Asp326 are inner sphere ligands for Mg2+ (the Cys-Mn2+

interaction in the D218C and D326C variants argues for that)
whereas Asp229 and Thr341 are outer sphere ligands for
Mg2+.

Nevertheless, the identification of Asp218 (catalytic center
I) and Asp326 (catalytic center II) as the principal Mg2+

binding ligands makes it likely that the structurally adjacent
residues, Asp229 (I) and Thr341 (II), also participate in Mg2+

binding. The binding sites presumably are completed by a
nonbridging oxygen of the phosphate to be attacked in each
strand, by the backbone carbonyl of Gly325 (I) and Ser217
(II), and, most importantly, by a water molecule which may
be the attacking nucleophile in phosphodiester bond cleavage.
The speculative assignment of the main chain carbonyl at
positions 325 and 217 as ligands of the Mg2+ ion is suggested
by the superposition of the active sites of I-CreI and PI-
SceI (Figure 1) which puts the main chain carbonyls within
approximately 2 Å of the divalent metal ions in catalytic
centers I and II, respectively. Main chain carbonyls are not
unusual as ligands for divalent metal ions, recent examples
being provided by the enzyme-substrate complexes of the
restriction endonucleasesBamHI (37), BglI (38), EcoRI (39),
EcoRV (40), BglII (41), andPVuII (42) and the enzyme-
product complex ofEcoRV (43) and NgoMIV ( 44). It is
interesting to note that in PI-SceI the strict coupling of the
two catalytic centers which is responsible for the concerted

cleavage of the two strands of the DNA (22) could be
mediated by the adjacent amino acid residues serving as
ligands for the Mg2+ ion in the two catalytic centers: Gly325
for catalytic center I and Asp326 for catalytic center II. A
similar arrangement is seen in the I-CreI-DNA structure
(7), and has also been observed for other endonucleases, e.g.,
T4 endonuclease VII with a domain-swapped dimer archi-
tecture (45).

We believe that the proximity of the two catalytic centers
in PI-SceI allows for an intricate hydrogen-bonding network
between all catalytic residues, which on the one side
guarantees that the two phosphodiester bond cleavage events
are strictly coupled, but which on the other side is easily
disturbed by single amino acid substitutions in one catalytic
center or the other. This would explain that all efforts to
uncouple the two cleavage events, either by amino acid
substitutions (17, 46) or by changing reaction conditions,
viz., choice of metal ion, metal ion concentration, ionic
strength, pH, or addition of organic solvents (F. Christ,
personal communication), were unsuccessful so far.

There is another important conclusion to be drawn from
our experiments: although an aspartic acid residue neither
is isosteric nor carries the same charge as a cysteine residue,
the D218C and D326C variants of PI-SceI in the presence
of Mn2+ are more efficient catalysts for phosphodiester bond
cleavage than the wild-type enzyme. This argues for a great
plasticity of the two catalytic centers of PI-SceI. An
essentially similar conclusion could be drawn for RNase H,
which by substitution of the two acidic amino acid residues
in the active site by arginine residues became a Mg2+-
independent enzyme with wild-type activity (47). RNase H,
however, is a nonspecific enzyme, in contrast to PI-SceI
which is one of the most specific enzymes known.
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