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The metallonuclease colicin E7 is a member of the HNH family of endo-

nucleases. It serves as a bacterial toxin in Escherichia coli, protecting the host

cell from other related bacteria and bacteriophages by degradation of their

chromosomal DNA under environmental stress. Its cell-killing activity is

attributed to the nonspecific nuclease domain (NColE7), which possesses the

catalytic ���-type metal ion-binding HNH motif at its C-terminus. Mutations

affecting the positively charged amino acids at the N-terminus of NColE7

(444–576) surprisingly showed no or significantly reduced endonuclease activity

[Czene et al. (2013), J. Biol. Inorg. Chem. 18, 309–321]. The necessity of the

N-terminal amino acids for the function of the C-terminal catalytic centre poses

the possibility of allosteric activation within the enzyme. Precise knowledge of

the intramolecular interactions of these residues that affect the catalytic activity

could turn NColE7 into a novel platform for artificial nuclease design. In this

study, the N-terminal deletion mutant �N4-NColE7-C* of the nuclease domain

of colicin E7 selected by E. coli was overexpressed and crystallized at room

temperature by the sitting-drop vapour-diffusion method. X-ray diffraction data

were collected to 1.6 Å resolution and could be indexed and averaged in the

trigonal space group P3121 or P3221, with unit-cell parameters a = b = 55.4,

c = 73.1 Å. Structure determination by molecular replacement is in progress.

1. Introduction

One of the main directions of gene engineering in vivo, which is a

future challenge in gene therapy, is based on artificial nucleases

that activate the DNA-repair machinery of cells by a specifically

positioned double-strand DNA cleavage. Using this process, gene

regulation, knocking out/knocking in or correction of mutated genes

can be achieved (Gyurcsik & Czene, 2011). A requirement for the use

of such nucleases in potential therapeutic applications is their

exclusive specificity for the target sequence in DNA as large as the

human genome.

The functional domains of native enzymes are frequently applied

in chimeric nucleases. Successful experiments of this kind resulted

in the zinc finger–FokI (Kim et al., 1996) and meganuclease (Grizot et

al., 2010; Fajardo-Sanchez et al., 2008) enzymes. These nucleases have

already reached clinical trials with great success. However, a few

years into the treatment a proportion of patients developed mono-

clonal lymphoproliferation, which resembles acute leukaemia (Qasim

et al., 2009). These artificial nucleases also showed moderate cyto-

toxicity (Cornu & Cathomen, 2010). Therefore, not only specificity

but also control of its action is desirable for such an enzyme. We

emphasize the importance of allosteric control by the DNA-binding

domain in native FokI (Wah et al., 1997), which was lost during the

creation of the abovementioned zinc finger–FokI nucleases. Thus, a

new approach is necessary to search for such regulatory elements in

nucleases.

Recently, the HNH family of nucleases has rapidly expanded (Finn

et al., 2008; Veluchamy et al., 2009). In this study, we have chosen the

bacterial toxin colicin E7 and have focused on its nuclease domain

(NColE7). It is a nonspecific nuclease with an active site situated at

the C-terminus that comprises an HNH motif, i.e. a ���-type metal-

ion-binding stretch with well conserved His, Asn and His residues

(Chak et al., 1991). A number of crystal structures have been reported
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in the presence or absence of its immunity protein, Zn2+ and DNA

(Cheng et al., 2002; Sui et al., 2002; Hsia et al., 2004; Doudeva et al.,

2006; Ko et al., 1999; Wang et al., 2007, 2009; Huang & Yuan, 2007).

From these and biochemical studies, it is also known that the the Arg

residue located at the N-terminus is essential for cytotoxic activity,

and it has been suggested to play different roles during enzymatic

action (Shi et al., 2005; Czene et al., 2013). Its function is not yet

completely clear, but in the crystal structures in which it is observed

it is situated close to the phosphate ion bound to the Zn2+ ion in the

active centre.

These requirements for activity and spatial proximity of the two

termini of NColE7 may facilitate the development of a novel

controlled artificial nuclease based on allosteric activation. In such an

enzyme any damage to the nuclease in the intracellular space would

cancel its activity, thus preventing its nonspecific action. In order to

study this possibility, we first need to investigate the interactions

between the two termini. An interesting feature of the N-terminus

is that it is an �40-amino-acid loop that does not contain any long

secondary-structural elements. Thus, it seems obvious that its spatial

arrangement is the result of electrostatic and/or hydrogen-bonding

interactions between the bound phosphate ion (or DNA backbone)

and the Arg residue at the N-terminus. Starting from this hypothesis,

we prepared an N-terminally truncated version of NColE7 deleting

the four N-terminal amino acids KRNK, which include three posi-

tively charged residues, in the mutant �N4-NColE7-C* (Fig. 1). The

structure of this mutant should show whether or not the N-terminal

loop stays in its original position even without the positively charged

initial amino acids, which is essential information in view of the

allosteric regulation. Here, we report the overexpression, purifica-

tion, crystallization and crystallographic characterization of the

�N4-NColE7-C* mutant of E. coli colicin E7.

2. Materials and methods

2.1. Protein expression and purification

The gene encoding the �N4-NColE7 mutant was cloned from the

pQE70 plasmid (a generous gift from Professor K.-F. Chak, Institute

of Biochemistry and Molecular Biology, National Yang Ming

University, Taipei, Taiwan) as described previously (Czene et al.,

2013). However, DNA sequencing of the constructed gene showed

that an erroneous plasmid was selected by the bacteria. The resulting

GST-�N4-NColE7-C* mutant of NColE7 was expressed using the

vector pGEX-6P-1 (GE Healthcare), which inserts a glutathione

S-transferase (GST) affinity tag at the N-terminus of the target

protein, in E. coli BL21 (DE3) cells. Precultured LB–Amp medium

(50 ml) was inoculated with a single colony grown from the plated

cells and incubated for 3 h at 310 K with shaking at 250 rev min�1.

From the small-scale culture, 6.5 ml aliquots were transferred into

6 � 650 ml LB–Amp medium and the bacteria were grown at 303 K.

Protein expression was induced at an OD600 of 0.6–1.0 by the addition

of 2 mM isopropyl �-d-1-thiogalactopyranoside (IPTG) to the

cultures to give a final concentration of 0.1 mM. Shaking was

continued at 250 rev min�1 for 3 h. The cells were sedimented by

centrifugation at 277 K and 3000g for 15 min and then resuspended

in 40 ml PBS buffer (0.14 M NaCl, 27 mM KCl, 100 mM Na2HPO4,

18 mM KH2PO4 pH 7.3). The pellets were disrupted by sonication

and the cell debris was removed by centrifugation at 18 000g and

277 K for 20 min. Firstly, a GST-based affinity-purification step was

applied to the soluble fractions. The protein solution was loaded onto

a GSTPrep FF 16/10 affinity column (GE Healthcare) and purified

according to the manufacturer’s protocol. It was washed with ice-cold

PBS buffer to remove unbound material, and the bound fusion

proteins were eluted with 10 mM reduced glutathione in 20 mM Tris

pH 8.0 buffer. The protein-containing fractions were collected and

concentrated using Vivacell 70 (Vivaproducts). The fusion protein

was cleaved with in-house expressed and purified human rhinovirus

C3 protease (Walker et al., 1994; sold as PreScission protease by GE

Healthcare) to remove the GST tag. The protease was applied to the

reaction mixture at a 7:1 molar ratio of protein:protease overnight

at 277 K. The mixture was again purified using a GSTPrep FF 16/10

affinity column (GE Healthcare); the �N4-NColE7-C* protein

appeared in the flowthrough fraction. A further purification step was

performed using a Source 30S 16/12 cation-exchange column (GE

Healthcare) previously equilibrated with 20 mM HEPES buffer pH

7.7; the protein was eluted using a 0–1 M NaCl gradient in the same

buffer. The �N4-NColE7-C* protein peak was observed at 0.33 M

NaCl. The protein was concentrated in 20 mM HEPES pH 7.5,

50 mM NaCl by ultrafiltration using an Ultracel PL-3 membrane

(Millipore). The efficiencies of all steps were monitored by 12.5–

17.5% SDS–PAGE using either low-range or broad-range protein

markers (14–97 or 6.5–200 kDa; Bio-Rad). Pure �N4-NColE7-C*

protein was obtained with a yield of 5.8 mg per litre of culture and

was subjected to nano-ESI-MS, showing a single species with a mass
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Figure 1
The sequences of �N4-NColE7 (1) and of the �N4-NColE7-C* mutant protein (2) as expressed and purified from the pGEX-6-P1 expression system and cleaved by
PreScission protease. The residues marked in red originate from the GST-fusion system and from the accompanying open reading frame shift.

Figure 2
The crystal of �N4-NColE7-C* used for data collection. The dimensions of the
crystal assembly are approximately 500 � 50 � 50 mm.
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of 16 251.9 Da (the calculated mass of the Zn2+-containing protein

is 16 253.5 Da), indicating that the purified protein contained a Zn2+

ion.

2.2. Crystallization

The search for initial crystallization hits was performed by the

sitting-drop vapour-diffusion method using the JCSG+ (Qiagen),

PACT (Qiagen) and Index (Hampton Research) screens. An Oryx8

liquid-handling robot (Douglas Instruments) was used to set up the

screens in MRC 2-drop plates (Douglas Instruments) with a total

drop volume of 0.3 ml and 3:1 and 1:1 ratios of protein solution and

reservoir solution. A crystal assembly (Fig. 2) was observed in a 0.3 ml

drop consisting of 28 mg ml�1 ColE7 mutant mixed with reservoir

solution [JCSG+ screen condition No. 1; 0.1 M lithium sulfate, 50 mM

sodium acetate pH 4.5, 50%(w/v) PEG 400] in a 1:1 ratio. Crystals

appeared within four weeks at room temperature. Crystals were flash-

cooled in liquid nitrogen before data collection.

2.3. X-ray data collection and processing

A single crystal flash-cooled in liquid nitrogen was used for data

collection on the Cassiopeia beamline I911-3 (Ursby et al., 2004) at

MAX-lab, Lund, Sweden (Fig. 3). The crystal was cooled to 100 K by

a stream of nitrogen gas during data collection. Diffraction data

extending to 1.6 Å resolution were indexed, integrated and scaled

using XDS and XSCALE (Kabsch, 2010). Data-collection statistics

are listed in Table 1.

3. Results and discussion

�N4-NColE7-C* is a mutant of the NColE7 protein that was selected

by E. coli in its GST-fusion form. The amino-acid sequence of the

�N4-NColE7 protein compared with that of �N4-NColE7-C* after

PreScission protease digestion is depicted in Fig. 1 and differences

between the C-termini can be recognized. A mutation such as this

may occur upon erroneous annealing of the C-terminal oligo-

nucleotide primer, which is a low-probability process, causing a shift

in the open reading frame. It is most probable that minor expression

of the GST-�N4-NColE7 protein resulted in cytotoxicity that killed

the transformed cells (similar to NColE7; Anthony et al., 2004) and

allowed only those bacteria which contained the plasmid with the

gene for the �N4-NColE7-C* mutant to grow. Detailed biochemical

studies of �N4-NColE7-C* protein both with and without a GST-

fusion tag have been performed (Czene et al., 2013). The results

indicated that the GST-�N4-NColE7-C* mutant does not show

DNAse activity. At the same time, the protein strongly binds Zn2+

ions and DNA; thus, it is not a lack of the zinc-binding or DNA-

binding functions that allows expression. The GST-�N4-NColE7-C*

protein was expressed on a large scale and purified by GST-affinity

and cation-exchange chromatography to give protein suitable for

crystallization, as described in x2.

Denaturing SDS–PAGE and mass spectrometry indicated a

molecular mass of 16 253.5 Da, which is consistent with the monomer

mass of the �N4-NColE7-C* protein with a bound Zn2+ ion. �N4-

NColE7-C* crystals (Fig. 2) were obtained by the sitting-drop vapour-

diffusion method using the JCSG+ screen, as described in x2. The

crystals belonged to the trigonal system, with unit-cell parameters

a = b = 55.4, c = 73.1 Å. The averaged data were consistent with space

group P3121 or P3221. The anomalous correlation (Table 1) is

consistent with the presence of zinc in the structure. The volume-to-

mass ratio VM of 1.99 Å3 Da�1 suggests the presence of one molecule

per asymmetric unit, with a corresponding solvent content of 35%.

The high homology of the native and mutant NColE7 proteins should

result in similar structures, and structure determination will be

pursued by the molecular-replacement method using the structure of

NColE7 (PDB entry 1m08; Cheng et al., 2002) as the search model.
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Fajardo-Sanchez, E., Stricher, F., Pâques, F., Isalan, M. & Serrano, L. (2008).
Nucleic Acids Res. 36, 2163–2173.

Finn, R. D., Tate, J., Mistry, J., Coggill, P. C., Sammut, S. J., Hotz, H.-R., Ceric,
G., Forslund, K., Eddy, S. R., Sonnhammer, E. L. L. & Bateman, A. (2008).
Nucleic Acids Res. 36, D281–D288.

Grizot, S., Epinat, J. C., Thomas, S., Duclert, A., Rolland, S., Pâques, F. &
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