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Structural and functional insight into sugar-nonspecific

nucleases in host defense

Kuo-Chiang Hsia, Chia-Lung Li and Hanna S Yuan

In prokaryotes, sugar-nonspecific nucleases that cleave

DNA and RNA in a sequence-independent manner take part in
host defense, as well as site-specific restriction enzymes.
Examples include the periplasmic nuclease Vvn and the
secreted nuclease ColE7, which degrade foreign nucleic acid
molecules in the host periplasm and in the cytoplasm of foreign
cells, respectively. Recently determined crystal structures of
Vvn and ColE7 in complex with double-stranded DNA provide
structural insight into nonspecific DNA interactions and
cleavage by sugar-nonspecific nucleases. Both nucleases bind
DNA at the minor groove through a common ‘BRa-metal’
endonuclease motif and primarily contact the DNA phosphate
backbone, probably to avoid sequence-dependent base
recognition. In eukaryotes, several apoptotic endonucleases
that are responsible for DNA degradation in programmed
cell death also contain a BBa-metal fold at the active site,
suggesting that they may recognize and cleave

DNA in a comparable way.
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Introduction

Nucleases are defined as a group of enzymes that are
capable of hydrolyzing the phosphodiester linkages of
nucleic acids. It is now known that nucleases, including
ribonucleases (RNases) and deoxyribonucleases (DNases),
are not only involved in nucleic acid metabolism, but also
play important roles in all kinds of cellular processes, such
as DNA restriction, replication, repair, recombination,
transposition, transcription and topoisomerization, as well
as RNA processing, splicing, editing and interference [1].
Moreover, nucleases are involved in host defense against
foreign nucleic acid molecules.

The best-known examples of cell-defending nucleases
are the restriction enzymes identified in bacteria [2].

These restriction DNases cleave foreign unmethylated
DNA and thereby protect the methylated host genome,
which is modified by host modification methylases
(Figure 1). They cleave short palindromic and non-palin-
dromic DNA sequences in the presence of Mg”* ions at
specific sites.

In addition to restriction enzymes, several apoptotic
DNases, which are activated during programmed cell
death pathways, have been identified [3]. They parti-
cipate in host defense because viral infections induce cell
apoptosis. In contrast to the sequence-specific restriction
endonucleases, these apoptotic enzymes are nonspeci-
fic and responsible for random chromosome fragmenta-
tion during apoptosis. Examples include CAD/DFF40
(caspase-activated DNase/40 kDa DNA fragmentation
factor), mitochondrial endoG, DNase 1I, LL-DNase 11
and CRN (cell-death-related nuclease) [3-7].

RNases have also been shown to be involved in cell
defense. The best-known example is the RNA silenc-
ing phenomenon triggered by the exogenous double-
stranded (ds) RNA of transposons, transgenes and viruses
in animals and plants [8]. Several RNase III enzymes
[9-11] are involved in processing the dsRNA intermedi-
ates into short interfering RNAs (siRNAs), which then
serve as a sequence-specific guide resulting in cleavage of
foreign mRNA (see also the review by Lingel and Sattler
in this section). Another widely known example is RNase
L, the terminal enzyme of the 2-5A antiviral pathway
in mammals [12]. In response to interferon treatment
and viral dsRNA, 2/,5'-oligoadenylated synthetases are
activated to produce 2',5-oligoadenylates, which then
bind to RNase L and stimulate its RNase activity for
single-stranded (ss) RNA degradation.

In contrast to the well-known functions of DNases and
RNases, the role of sugar-nonspecific nucleases in cell
defense has been documented far less in the literature. In
prokaryotic cells, however, some nonspecific nucleases
that are responsible for cell protection have been discov-
ered (Table 1) and the crystal structures of two such
nucleases bound to dsDNA have been recently solved
[13°°,14°°]. In this review, we summarize structural and
functional data for this group of cell-defending nucleases
that cleave DNA and RNA without sequence specificity.

The role of sugar-nonspecific nucleases in
cell defense

Most sugar-nonspecific nucleases, including Servatia
nuclease from Serratia marcescens, Staphylcoccal nuclease

Current Opinion in Structural Biology 2005, 15:126-134

www.sciencedirect.com



Sugar-nonspecific nucleases in host defense Hsia, Li and Yuan 127

Figure 1

Host cell

Nuclease-type toxins
Inhibitor

’ Cell death

Target cell

Foreign DNA

P

7

Current Opinion in Structural Biology

Different types of bacterial nucleases constitute a secure network for host defense against foreign nucleic acids. Restriction enzymes
site-specifically cleave foreign unmethylated DNA in the cytoplasm, periplasmic nucleases nonspecifically degrade foreign nucleic acids in the
periplasm and secreted nuclease-type toxins degrade nucleic acids in foreign cells to increase the chances of host survival.

from Staphylococcus aureus and P1 nuclease from Penicil-
lium citrinum, are secreted proteins that are probably
responsible for the scavenging of nucleotides and phos-
phate for cell growth [15]. In addition to DNA salvage,
bacterial extracellular nucleases such as Vibrio cholerae
nuclease have been postulated to play a role during host
invasion or the establishment of an infection [16]. Some
nonspecific nucleases, such as Neurospora crassa endonu-
clease, yeast Rad52 and Nucl, are involved in DNA repair
and recombination. Mutations in the genes encoding
these nucleases result in defective DNA repair or genetic
recombination [17-19].

Among the nonspecific nucleases found in plants, mung
bean endonuclease is the best-characterized enzyme.

Table 1

The activity of mung bean endonuclease has been
found to vary in different tissues, with the highest
levels in the root tip; therefore, the nuclease activity
of mung bean endonuclease has been proposed to be
associated with cell division [20]. Other examples of
sugar-nonspecific nucleases, such as BEN1 and ZEN1
from barley, are suggested to be responsible for the
digestion of nuclear DNA in programmed cell death

[21].

In addition to DNA salvage, repair, recombination, degra-
dation and cell division, sugar-nonspecific nucleases are
also involved in cell defense. Below, we describe exam-
ples of two types of cell-defending sugar-nonspecific
nucleases (Figure 1).

Examples of nonspecific endonucleases participating in cell defense.

Nuclease Substrate Product Function Three-dimensional structure (PDB code)
Prokaryote
Nuclease-type DNA/RNA 5’-phosphate Degrade nucleic acids in foreign Nuclease domain of ColE7-Im7 (7CEl)
colicins cells to increase the survival Nuclease domain of ColE9-Im9 (1BXI)
advantage of host cells Nuclease domain of ColE7 (1MO8)
Nuclease domain of ColE7-dsDNA (1PT3)
Nuclease domain of ColE9-dsDNA (1V13, 1V14)
Vvn DNA/RNA 5’-phosphate Degrade foreign nucleic Vvn (10UO)
acids in periplasm Vvn-dsDNA (10UP)
Eukaryote
CAD/DFF40 DNA 5'-phosphate Degrade DNA chromosomes N-terminal domain of CAD (1C9F)
to induce cell death N-terminal domain CAD-ICAD (1F2R, 1IBX)
Full-length CAD (1V0OD)
RNase L ssRNA 3’-phosphate Degrade viral ssRNA
RNase llI dsRNA 5’-phosphate Degrade foreign RNA (Prokaryotic RNase Il structures are available)
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Periplasmic nucleases

The first example is a family of periplasmic or extracel-
lular nucleases that includes Vvn from Vibrio vulnificus,
Dns from V. d¢holerae, NucM from Erwinia chrysanthemi,
Endol from Escherichia coli, and Dns and DnsH from
Aeromonas  hydrophila [13°°]. Periplasmic enzymes,
including Vvn and Endol, protect the cell by preventing
the uptake of foreign DNA molecules. E. coli or V.
vulnificus mutants that lack the periplasmic nuclease
can be transformed more efficiently, but they resemble
wild-type cells with regard to growth rate, conjugational
properties and their ability to propagate various phages

[22,23].

Vvn and its homologs all contain a signal peptide
located at the N terminus and eight strictly conserved
cysteine residues. The signal peptides are cleaved off
during transportation of the nuclease from the cyto-
plasm to the periplasm, resulting in mature proteins of
about 25 kDa. This family of endonucleases can digest
both DNA and RNA, and is active only in the oxidized
form [23].

The crystal structure of Vvn has been solved and shows a
novel mixed «/f topology containing four disulfide
bridges [13°°]. Vvn binds an Mg** ion at its active site
and cleaves a phosphodiester bond at its 3’ side, produ-
cing DNA fragments containing a 3’ hydroxyl and a 5
phosphate. Vvn is not active under reducing conditions,
suggesting that it is not folded when it is expressed in the
cytoplasm. In this way, host genomes escape from diges-
tion by Vvn, which becomes folded and targets foreign
DNA molecules only after it is transported into the
periplasm under oxidized conditions.

Secreted endonucleases

The second example is nuclease-type bacteriacins, which
represent another class of nonspecific endonucleases
involved in the protection of bacterial cells. These
include four E-group colicins from E. co/i (ColE2, ColE7,
ColE8 and ColE9) and pyocins from Pseudomonas aerugi-
nosa [24]. These toxins are secreted endonucleases that
digest nucleic acids randomly in target cells to induce
cell death, thereby improving the survival chances of
the host cell during times of stress. Thus, these bacteria
adopt an aggressive offensive approach for the purpose of
cell defense and survival.

The nuclease-type colicins share high sequence identity
and contain three functional domains: receptor binding,
membrane translocation and cytotoxic nuclease. Under
stressful conditions, the SOS response is turned on, and
the colicin and its cognate immunity protein are coex-
pressed and secreted from the host cell as heterodimeric
complexes [25]. The colicin-immunity protein complex
then searches for bacteria possessing the outer membrane
cobalamin transporter, BtuB.

The mechanism by which an E-group colicin binds to an
outer membrane receptor has been deduced from the
crystal structure of the ColE3 receptor-binding domain in
complex with the BtuB receptor [26]. After entering the
periplasm of the target cell, ColE7 is probably cleaved to
produce an enzyme containing only the nuclease domain,
which then traverses the inner membrane and enters the
cytoplasm of target cells [27]. The nuclease domain of the
colicin degrades, without sequence specificity, all nucleic
acids that it encounters, including RNA and DNA, mak-
ing it an efficient killer of cells (Figure 2) [14°°]. The
nuclease-type colicin ColE9 cleaves the 3’ O-P bond of
phosphodiester linkages, with a preference for making
nicks at thymine bases in dsDNA [28].

T'o protect the host cell from the cytotoxic activity of the
colicin, the immunity protein binds to the nuclease
domain and inhibits its nuclease activity. Crystal struc-
tures of the nuclease domains of two colicins, ColE7
[29,30] and ColE9 [31], with or without their immunity
proteins, have been resolved. These structures explain
how an immunity protein binds its cognate colicin with
high affinity and specificity. The nuclease domain of
colicin and pyocin contains an H-N-H (His-Asn-His)
motif comprising two antiparallel B strands and an o helix
with a centrally located divalent metal ion [32]. The
cognate immunity protein of ColE7 (Im7) does not block
the active site of the H-N-H motif, but instead blocks the
DNA-binding site of the nuclease domain to inhibit the
nuclease activity of ColE7 in host cells.

Crystal structures of sugar-nonspecific
nucleases

So far, only a few sugar-nonspecific nuclease structures
have been solved, including Staphylococcal nuclease [33],
Serratia nuclease [34], P1 nuclease [35], Vvn [13°°] and
the nuclease domain of ColE7 [30]. Only Vvn [13°°], the
nuclease domain of ColE7 [14°°] and ColE9 [36] have
been co-crystallized with a dsDNA molecule, probably
because of the difficulty of finding an oligonucleotide that
can bind to the nonspecific enzyme in an ordered fashion.
The crystal structures of two cell-defending sugar-non-
specific nucleases in the absence and presence of a DNA
substrate are shown in Figure 3.

Although the amino acid sequences and overall folds of
Vvn (213 amino acids) and ColE7 (133 amino acids) are
completely different, the two nucleases share some com-
mon features of DNA binding and cleavage. First, both
Vvn and ColE7 have a concave and basic surface that
binds DNA at the minor groove; this feature is similar to
most other nonspecific DNA-binding proteins, which
almost always bind dsDNA at minor grooves [37]. Binding
at the relatively narrow minor groove is advantageous for
avoiding sequence-dependent recognition of DNA bases,
which are otherwise more accessible and have more
diverse chemical features at the major groove. The minor
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Figure 2
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The nuclease-type toxin ColE7 is expressed in host cells and cleaves nucleic acid molecules in foreign cells. ColE7 (blue ribbon) contains three
functional modules: the receptor-binding domain, the membrane translocation domain and the nuclease domain. In the host cell, the cytotoxic
nuclease activity of ColE7 is inhibited by the immunity protein Im7 (magenta coil). After its secretion from the host cell, ColE7 is cleaved

during translocation and only the nuclease domain reaches the cytoplasm of foreign cells to degrade nucleic acid. The structural model of
ColE7-Im7 was constructed by fusing the crystal structure of the nuclease domain of ColE7 bound to Im7 (PDB code 7CEl) [29] with the
translocation and receptor-binding domains of ColE3 (PDB code 1JCH) [48]. The solvent-accessible surface buried between ColE7 and

Im7 is shown in green on ColE7. This surface, which is blocked by Im7, is partially involved in DNA binding.

groove is widened from 6 A to about 10 /o\, resulting in
moderate DNA bending of 10-20° towards the major
groove in the Vvn and ColE7 nuclease domain complexes.
By contrast, more significant bending of 60-140° is indu-
ced by several nonspecific non-nuclease DNA-binding
proteins, such as the prokaryotic HU protein (105-140°)
[38], the archaeal Sac7d protein (~60°) [39] and the
cukaryotic HMG1/HMG2 family of proteins (~110°)
[40,41]. The large bend induced by these chromosomal
architectural proteins is probably required for their biolo-
gical functions; by contrast, nonspecific nucleases do not
need to bend DNA so sharply for DNA hydrolysis.

Second, the active sites of both Vvn and ColE7 have a
similar ‘BRa-metal’ topology (Figure 4) — a fold that has
been observed in the active sites of several endonu-
cleases, including I-Ppol [42], Serratia nuclease [34]
and phage T4 EndoVII [43]. I-Ppol is a member of the
His-Cys box family of homing endonucleases, which
recognize and cleave dsDNA with a specific sequence

of 13-15 base pairs. Serratia nuclease is a nonspecific
endonuclease that cleaves double-stranded or single-
stranded DNA and RNA with little sequence preference.
EndoVII recognizes structural perturbations in DNA and
cleaves various branched DNA structures, such as Holli-
day junctions, cruciform DNA, single-base mismatches
and abasic sites. As these endonucleases cleave different
nucleic acid substrates, including dsDNA (with a specific
sequence, non-specific sequences or a special structure),
ssDNA and RNA, the topological similarity of the active
sites of all these nucleases indicates that the BBa-metal
motif is a general fold only for endonuclease activity,
but is not responsible for sequence-specific or structure-
specific recognition.

DNA recognition by sugar-nonspecific
nucleases

Vvn and ColE7 are also similar in that both nucleases
contact DNA primarily at phosphate groups, but make
little contact with bases and ribose groups. Could this be a
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Figure 3
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Crystal structures of two bacterial sugar-nonspecific nucleases. (a) Structures of the nuclease domain of ColE7 (PDB code 1M08) and Vvn

(PDB code 10UQ). The active sites of the two enzymes, which share a common ‘BBa-metal’ fold, are highlighted in red. (b) Structures of DNA
bound to the nuclease domain of ColE7 (PDB code 1PT3) and DNA bound to Vvn (PDB code 10UP). The BBa-metal fold faces the minor groove
and induces a slight bend in the DNA towards the major groove. The phosphorus atom in the scissile phosphate of DNA is shown as a green sphere.

general rule for nonspecific nucleases with regard to
sequence-independent DNA recognition? A comparison
of nonspecific and site-specific nucleases for the number
of contacts with DNA backbones and bases shows that the
ratio of backbone contacts to base contacts for nonspecific
nucleases is significantly higher than that for site-specific
endonucleases. Table 2 lists the number of contacts in the
nuclease-DNA interface for three nonspecific endonu-
cleases (DNasel, ColE7 and Vvn), three site-specific
homing endonucleases (I-Ppol, PI-Scel and I-Crel) and
three restriction enzymes (Bg/ll, EcoRV and BamHI).
The ratio of backbone contacts to base contacts is more
than five for nonspecific nucleases and roughly two to
three for site-specific nucleases. This result confirms that
nonspecific nucleases indeed contact DNA via its back-
bone much more than site-specific nucleases, probably to
avoid sequence-dependent recognition.

Nucleic acid hydrolytic mechanisms
Similar to restriction enzymes and most other endonu-
cleases, Vvn and ColE7 need metal ion cofactors for their

endonuclease activity. Vvn is active in the presence of
an alkaline earth metal ion, either Mg®* or Ca®* [13°°]. By
contrast, ColE7 binds a transition metal ion, 7Zn** or
Mn?*, in its H-N-H motif [32]. Although the active sites
of Vvn and ColE7 have a similar BBa-metal topology,
their detailed atomic structures differ (Figure 4). The
active site of Vvn contains a Mg2+ 1on, which is bound to
Glu79, Asn127 and four water molecules in an octahedral
geometry. The sidechain conformation of the metal-ion-
binding residue Asn127 is restrained by a hydrogen bond
to Glu77. By contrast, the H-N-H motif of ColE7 contains
a Zn** ion, which is bound to three histidines and one
water molecule in a tetrahedral geometry. One of the
metal-ion-binding residues, His569, forms a hydrogen
bond to Glu542 to restrain its sidechain conformation.

How are nucleic acids hydrolyzed by nonspecific
nucleases? The crystal structure of Vvn in complex with
uncleaved and cleaved DNA suggests how the DNA is
hydrolyzed [13°°]. A model of the single-metal-ion hydro-
lysis mechanism mediated by Vvn, which is similar to those

Current Opinion in Structural Biology 2005, 15:126-134
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The BBa-metal fold of the active sites of Vvn and ColE7. (a) Structure-assisted sequence alignment of residues in the BRa-metal motifs of
Vvn and ColE7. Both nucleases contain a histidine (red) that functions as the general base at the end of the first g strand. Conserved residues
are shaded in gray. (b) Endonuclease active sites in Vvn and ColE7. The BBa-metal motif of Vvn contains a Mg®* ion bound to Glu79, Asn127
and four water molecules (W) in an octahedral geometry. The H-N-H (His-Asn-His) motif of ColE7 has a similar BBa-metal topology,

consisting of a Zn?* ion bound to three histidines (His544, His569 and His573) and one water molecule in a tetrahedral geometry.

The inner-sphere water molecules (W) that bind directly to the metal ion are shown in green.

proposed for I-Ppol [44] and Serratia nuclease [45], is
shown in Figure 5. In this model, His80 functions as a
general base to activate a water molecule for nucleophilic
attack on the scissile phosphate. His80 makes a hydrogen
bond to a backbone carbonyl group, which not only

Table 2

constrains its sidechain conformation but also increases
its pK,, making it a better base for water activation. In
the crystal structures of Vvn and the Vvn His80Ala mutant
bound to DNA, the nucleophilic water is visible and is
ideally located at the opposite side of the cleaved 3’ O-P

Number of hydrogen bonds and non-bonded contacts between nucleases and dsDNA.

Hydrogen bond to DNA

Non-bonded contact to DNA

Backbone:base Contacts per 100 A2

Base Backbone Total Base Backbone Total ratio® (buried surface [A%)
Nonspecific nuclease®
DNase | 3 18 21 0 2 2 6.7 3.2 (1429)
ColE7 3 14 17 0 2 2 5.3 2.8 (1354)
Vvn 0 3 8 0 11 11 >7 3.4 (814)
Site-specific nuclease®
Homing endonuclease
|-Ppol 27 55 82 4 10 14 21 4.6 (4145)
PI-Scel 11 26 37 5 21 26 2.9 2.3 (5590)
I1-Crel 21 43 64 12 28 40 21 3.5 (5922)
Restriction enzyme
Bglll 25 54 79 0 24 24 3.1 5.2 (5314)
EcoRV 12 17 29 5 22 27 2.3 2.6 (4329)
BamHI 13 25 38 8 15 23 1.9 2.3 (3989)

2This ratio is calculated by dividing the total number of contacts (hydrogen bonds and non-bonded contacts) on DNA backbones by the
number of contacts on bases. PPDB codes for the nuclease~-DNA complexes are 2DNJ, DNase |; 1PT3, ColE7; 10UP, Vvn; 1A73°, I-Ppol;
1LWT, PI-Scel; 1G9Y, I-Crel; 1D2I, Bglll; 1AZ0, EcoRV; 1ESG, BamHI. All the contact numbers (within a distance less than 3.35 A)

were calculated by the Nucplot program [49].
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Figure 5

@

Arg99

Glul13

ﬁ\N His573

0

His544 "
His569
o
Glu542

—_—
Asn127
Glu77
(b) Argad7
rg N o
=
(o] o] ’\Il//
N L<;r N
N=.
)\ N 5 N
HO
N
(o] fo) =
Val555 H,0 Q\p< o r\ll// \N
O
O/ \vﬁj N:/
o No
N NN,
f (R/

Arg99

Glul13

His544

Glus42

Current Opinion in Structural Biology

Putative hydrolytic mechanisms for (a) Vvn and (b) ColE7. Several common features are shared by the two nucleases. First, a histidine residue
(His80 in Vvn, His545 in ColE7), polarized by a backbone carbonyl group, functions as the general base to activate the water molecule for
nucleophilic attack on the scissile phosphate. Second, a divalent metal ion (Mg®* in Vivn, Zn®* in ColE7) is bound to the scissile phosphate to
stabilize the phosphoanion transition state. Third, a basic residue (Arg99 in Vvn, Arg447 in ColE7) reorients its sidechain conformation to

bind and stabilize the cleaved phosphate product. The water molecule bound to Mg®* in Vvn probably donates a proton to the leaving

3’ oxygen; however, there is no corresponding inner-sphere water molecule bound to Zn?* in ColE7.

bond for in-line attack. The metal ion is bound to the
scissile phosphate both to stabilize the phosphoanion
transition state and to position and activate a water mole-
cule to donate a proton to the leaving 3’ oxygen. A basic
residue, Arg99, reorients its sidechain conformation and
makes a hydrogen bond to the cleaved phosphate in the
enzyme—product complex, presumably to stabilize the
cleaved DNA product, thereby decelerating the reverse
reaction.

ColE7 contains a Zn?* ion in the H-N-H motif and the
zinc-bound nuclease domain of ColE7 is active in DNA
hydrolysis [46]. However, ColE9 shows a different result
— that the nuclease domain of ColE9 is not active with

Zn**, but more active with Ni** or Mg** [36]. Although
ColE7 contains a transition metal ion, and not an alkaline
earth metal ion, in its active site, a hydrolytic mechanism
similar to that of Vvn can be adopted. In our proposed
mechanism (Figure 5), His545 functions as the general
base, and is restrained and polarized by a hydrogen bond
to a backbone carbonyl group. The Zn** ion is bound to
the scissile phosphate to stabilize the phosphoanion tran-
sition state. A basic residue, Arg447, which is located close
to the scissile phosphate group [32], probably functions in
the same way as Arg99 in Vvn to bind to the phosphate
after the DNA is cleaved. The crucial importance of these
amino acid residues in hydrolysis needs to be confirmed
by mutational studies.
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Several eukaryotic apoptotic endonucleases, such as CAD/
DFF40 and endoG, probably possess a folded active site
and hydrolytic mechanism similar to those of Vvn and
ColE7. CAD/DFF40 [4,5] and mitochondrial endoG [6]
cleave chromatin DNA into nucleosomal fragments in,
respectively, a caspase-dependent and caspase-indepen-
dent apoptotic pathway. Because endoG shares sequence
homology with Serratia nuclease in its active site region, its
active site very probably has a BBa-metal topology. The
endonuclease activity of CAD/DFF40 is normally inhib-
ited by a cognate inhibitor protein termed ICAD/DFF45.
During apoptosis, caspase-3 cleaves ICAD/DFF45 to
release the endonuclease domain of CAD/DFF40, which
then enters the nucleus to degrade chromosomal DNA
and induce cell death.

The crystal structure of CAD/DFF40 has been recently
solved and shows a scissor-shaped dimeric structure con-
taining metal-ion-bound active sites with similar topology
to the BRa-metal motif [47°]. Therefore, nuclease-type
colicins and CAD/DFF40 seem to degrade DNA chro-
mosomes during programmed cell death in a comparable
way in prokaryotic cells and eukaryotic cells, respectively.
Probably owing to convergent evolution, these nonspe-
cific endonucleases, including prokaryotic Vvn and
ColE7, and eukaryotic CAD/DFF40 and endoG, contain
a common active site fold that carries out the identical
role of DNA degradation.

Conclusions

In prokaryotes, two types of endonucleases, site-specific
restriction enzymes in the cytoplasm and nonspecific
endonucleases in the periplasm, are responsible for
degrading foreign nucleic acid. Bacteria also secrete enzy-
matic toxins with endonuclease activity to kill other
microbes for host survival. These cytoplasmic, periplas-
mic and extracellular nucleases constitute a secure net-
work for microbial host defense against foreign nucleic
acids. The recently determined crystal structures of two
nonspecific nucleases in complex with dsDNA — Vvn
and the nuclease domain of ColE7 — show that these
nucleases bind DNA at the minor groove and primarily
contact the DNA phosphate backbone to avoid sequence-
dependent interactions.

Although they share little sequence identity, these two
nucleases contain an active site with a similar BRa-
metal topology. Structural comparison further shows
that this BBa-metal motif binds, bends and cleaves
DNA in a similar way. Several eukaryotic apoptotic
endonucleases, such as endoG and CAD/DFF40, prob-
ably possess a similar BRBa-metal active site fold and
hydrolytic mechanism for degrading DNA. What we
can learn from the prokaryotic nonspecific endonucleases
in terms of enzyme inhibition, DNA recognition and
DNA hydrolysis may well apply to these cukaryotic
enzymes.
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