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Combining sequence analysis, structure prediction, and site-directed
mutagenesis, we have investigated the mechanism of catalysis and sub-
strate binding by the apoptotic mitochondrial nuclease EndoG, which
belongs to the large family of DNA/RNA non-specific bba-Me-finger
nucleases. Catalysis of phosphodiester bond cleavage involves several
highly conserved amino acid residues, namely His143, Asn174, and
Glu182 required for water activation and metal ion binding, as well
as Arg141 required for proper substrate binding and positioning,
respectively. These results indicate that EndoG basically follows a similar
mechanism as the Serratia nuclease, the best studied representative of the
family of DNA/RNA non-specific nucleases, but that differences are
observed for transition state stabilisation. In addition, we have identified
two putative DNA/RNA binding residues of bovine EndoG, Arg135 and
Arg186, strictly conserved only among mammalian members of the
nuclease family, suggesting a similar mode of binding to single and
double-stranded nucleic acid substrates by these enzymes. Finally, we
demonstrate by ectopic expression of active and inactive variants of
bovine EndoG in HeLa and CV1-cells that extramitochondrial active
EndoG by itself induces cell death, whereas expression of an enzymati-
cally inactive variant does not.
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Introduction

The mitochondrial endonuclease G (EndoG) is
an enzyme involved in a variety of cellular func-
tions, ranging from the generation of primers for
mitochondrial DNA replication to the initiation of
genomic inversion in herpes simplex type-1 virus
(HSV-1).1 – 3 One of the most recent findings is, that
upon apoptotic stimuli, EndoG can be released
from mitochondria and then contributes to the
degradation of chromosomal DNA during

apoptosis.4 – 6 Database searches reveal that EndoG
is a member of an ancient family of DNA/RNA
non-specific nucleases. Nucleases of this family
are found in a large number of pro- and eukaryotic
organisms, including bacteria, protozoa, fungi and
slime moulds, invertebrates and vertebrates.7 The
prokaryotic nucleases are usually secreted by their
bacterial hosts and are likely to serve nutritional
purposes, whereas in eukaryotic organisms these
nucleases are targeted to mitochondria and, e.g. in
Caenorhabditis elegans and mammals, contribute
to apoptotic DNA degradation.4,5,8,9 One of the
structurally and mechanistically best characterized
members of the DNA/RNA non-specific nucle-
ases is the extracellular nuclease of Serratia
marcescens.10 – 12

Mammalian EndoG is encoded in the nucleus
and produced as a ,33 kDa preprotein with a
mitochondrial targeting sequence at its N
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