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Purification, crystallization and preliminary
crystallographic analysis of recombinant Lac15
from a marine microbial metagenome

Laccases are members of the blue multi-copper oxidase family that can oxidize a
wide range of aromatic compounds. A new bacterial laccase (Lacl5) has recently
been obtained from a marine microbial metagenome from the South China
Sea and characterized. In this work, recombinant Lacl5 was overexpressed
in Escherichia coli, purified and crystallized using the hanging-drop vapour-
diffusion method. An X-ray diffraction data set was collected to 2.2 A resolution.
The crystal belonged to space group C121, with unit-cell parameters a = 123.41,
b =91.36, c = 86.157 A, B = 112.10°.

1. Introduction

Laccases (benzenediol:oxygen oxidoreductases; EC 1.10.3.2) are
copper-containing oxidases that can oxidize a wide range of sub-
strates, preferably phenolic compounds, with concomitant reduction
of molecular oxygen to water, bypassing the stage of hydrogen
peroxide production (Solomon et al., 1996; Hoegger et al., 2006).
Laccases have been the subject of increasing attention owing to their
established or potential applications in biotechnology, and funda-
mental studies have been performed on their structure and catalytic
mechanism (Giardina et al., 2010).

Laccases have been found in plants, insects, bacteria and nearly all
wood-rotting fungi. In plants, laccases participate in lignin biosynth-
esis (Bao et al, 1993), whereas in fungi they are involved in the
degradation of lignin, detoxification and pathogenesis and also in
fungal development and morphogenesis (Eggert et al., 1997; Leono-
wicz et al., 2001; Baldrian, 2006; Dittmer et al., 2004). In insects,
laccases appear to play a role in sclerotization of the cuticle in the
epidermis (Dittmer et al., 2004). Bacterial laccases are probably
involved in morphogenesis, pigment biosynthesis and copper homeo-
stasis (Hullo et al., 2001; Suzuki et al., 2003).

Although whole-genome analyses suggest that laccases are wide-
spread in bacteria (Alexandre & Zhulin, 2000; Sharma et al., 2007),
few of them have been biochemically characterized and little is
known about their applications (Arias et al., 2003; Koschorreck et al.,
2009). To date, only fungal laccases have been used in biotechno-
logical applications. However, the development of bacterial laccases
would be of significant importance because bacterial genetic tools
and biotechnological processes are well established.

A new bacterial laccase, Lacl5, with alkalescence-dependent
activity and excellent chloride tolerance has recently been obtained
from a marine microbial metagenome from the South China Sea and
characterized (Fang et al.,2011). Lacl5 shares less than 40% sequence
identity with all characterized bacterial multicopper oxidases. It also
has low sequence similarity to other laccases of known structure, with
an identity of 22% to the typical bacterial laccase CotA from Bacillus
subtilis (PDB entry 1gsk; Enguita et al., 2003), 26% to LacB from
Trametes sp. AH28-2 (PDB entry 3kw7; Ge et al., 2010) and 27% to
an ascomycete fungal laccase from Thielavia arenaria (PDB entry
3pps; Kallio et al., 2011).
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Recombinant Lacl5 expressed in Escherichia coli was stable at pH
values in the range 5.5-9.0 and at temperatures from 288 to 328 K; it
showed high activity at pH 6.5-9.0 with an optimum pH of 7.5 and
with highest activity occurring at 318 K. Interestingly, Lac15 showed
excellent chloride tolerance, with its activity retaining its original
level even at 1000 mM chloride. Although the native function and in
vivo substrate of Lacl5 remain unclear, it is able to oxidize a range of
substrates in vitro, including several industrial dyes of the reactive
azo class under alkalescent conditions. Because of its alkalescence-
dependent activity, high chloride tolerance and dye-decolorization
ability, the new laccase Lacl5 could be an alternative for specific
industrial applications.

In order to better understand the details of the Lacl5 oxidation
mechanism, we purified and crystallized Lacl5 expressed in E. coli
and performed preliminary X-ray analysis of the crystal.

2. Materials and methods
2.1. Cloning, expression and purification

Lacl5 was cloned and expressed as described previously (Fang et
al., 2011). Briefly, cDNA corresponding to Lacl5 (GenBank acces-
sion No. HM623889) without the 22-amino-acid signal peptide was
cloned into expression vector pET22b (incorporating a C-terminal
hexahistidine tag). The pET22b-Lacl5-encoding plasmid was trans-
formed into E. coli BL21 (DE3) and the cells were grown at 310 K in
Luria-Bertani medium containing 100 pg ml~" ampicillin. Expression
of Lacl5 was induced at an ODgg of 0.4-0.6 by adding 0.5 mM iso-
propyl B-b-1-thiogalactopyranoside (IPTG) followed by incubation
at 289 K for 16 h.

The cultured cells were harvested by centrifugation and lysed
by sonication in buffer A (20 mM Tris—-HCI pH 7.6, 200 mM NaCl).
The lysate was clarified by centrifugation at 15 000g for 30 min. The
soluble fraction was applied onto nickel-chelating resin (Amersham
Biosciences) pre-equilibrated with buffer A. The resin was washed
with buffer B (buffer A plus 40 mM imidazole) and the target protein
was eluted using buffer C (buffer A plus 200 mM imidazole).

The eluate was exchanged into buffer D (20 mM Tris—HCI pH 7.6,
50 mM NacCl) and further purified by chromatography on a MonoQ
anion ion-exchange column (GE Healthcare) in buffer D. The target
protein was eluted using a linear gradient of 50-500 mM NaCl in
20 mM Tris pH 7.6 and was then applied onto a gel-filtration column
(16/60 Superdex 200, GE Healthcare) in buffer A. The purified

Figure 1
Lacl5 crystals of approximately 0.15 x 0.06 x 0.05 mm in size.

Table 1
Data-collection statistics.

Values in parentheses are for the highest resolution shell.

Wavelength (A) 0.97916

Space group C121

Unit-cell parameters (A, ) a=123.41, b = 91.36, c = 86.15,
a=y=90,B=11210

Resolution range (A) 40-2.2 (2.32-2.20)

No. of unique reflections 44251
Molecules in asymmetric unit 2
Solvent content (%) 49.74
Rinerget (%) 8.3 (47.2)
Average I/o(I) 104 (3.1)

Multiplicity 4.1
Completeness (%) 98.4 (97.9)

T Rmerge = Dt 2o i(hkl) = (IChKD)|/ 3 g 32 I(hkl), where (I(hkD)) is the mean
intensity of the i observations of reflection hkl.

protein was concentrated to 25 mgml™" in buffer E (20 mM Tris
pH 7.6, 20 mM NacCl) by centrifugal ultrafiltration (Millipore). The
protein concentration was determined by the Bradford method (Bio-
Rad protein assay) using bovine serum albumin as a standard. The
presence and purity of the recombinant Lacl5 was then analyzed on
SDS-PAGE (better than 95% purity) and it was judged to be suitable
for crystallization.

2.2. Crystallization and data collection

The protein was diluted to different concentrations with buffer £
for initial screening and optimization. A Mosquito Crystallization
Robot (TTP LabTech) was used to set up initial crystallization trials
with Crystal Screen, Crystal Screen 2 and PEG/Ion Screen reagent
kits (Hampton Research) using the sitting-drop vapour-diffusion
method at 277 K. Each sitting drop, consisting of 0.15 pl protein
solution (5-15 mg ml™") and an equal volume of reservoir solution,
was equilibrated against 150 pl reservoir solution. Further crystal-
optimization experiments were performed using the hanging-drop
vapour-diffusion method. The crystals grew to their full dimensions in
the final conditions after one month. The crystals were harvested
using cryoloops and briefly immersed in a cryoprotectant solution
consisting of reservoir solution with 20% glycerol. The crystals were
subsequently flash-cooled, stored in liquid nitrogen and transferred
to the SSRF (Shanghai Synchrotron Radiation Facility) for X-ray
diffraction analysis and data collection.

After screening for diffraction quality, a complete data set to 2.2 A
resolution was collected using a single crystal maintained at 100 K on
beamline BL17U of the SSRF at a wavelength of 0.97916 A using
1° oscillations with a crystal-to-detector distance of 220 mm and an
exposure time of 0.8 s per image. The diffraction data were processed
with iMOSFLM (Battye et al.,2011) and scaled with SCALA from the
CCP4 program suite (Winn et al., 2011). Table 1 gives a summary of
the data-collection statistics.

3. Results and discussion

Recombinant Lacl5 from a marine microbial metagenome was
expressed in E. coli and purified to homogeneity. The enzyme was
crystallized in the substrate-free form.

Within three weeks, small crystals appeared in several drops con-
taining PEG 3350 or PEG 4000 at pH 6.5 (0.1 M MES or 0.1 M Bis-
Tris). We optimized the conditions by varying the precipitant con-
centration and protein concentration using the hanging-drop method.
Finally, the best crystals (approximately 0.15 x 0.06 x 0.05 mm in size;
Fig. 1) were produced by mixing 2.0 pl protein solution (10 mg ml1™")
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Figure 2
X-ray diffraction image of the Lacl5 crystal. The resolution circles are at
approximately 3.2 and 2.2 A resolution.

and an equal volume of reservoir solution consisting of 0.1 M MES
pH 6.5, 18% PEG 3350 and incubating at 277 K.

The crystal was flash-cooled to 100 K and diffraction data were
collected to 2.2 A resolution (Fig. 2). Crystal parameters and data-
collection statistics are summarized in Table 1. The Lacl5 crystal
belonged to space group C121, with unit-cell parameters a = 123.41,
b =91.36, c = 86.15 A, B = 112.10°. Assuming the presence of two
46 kDa molecules in the asymmetric unit, a Matthews coefficient
of 245 A>Da™! and a solvent content of 49.74% were calculated
(Matthews, 1968).

Since Lacl5 shares less than 27% sequence identity with related
structures in the PDB, a heavy-atom-derivative search and molecular-
replacement trials are both currently under way.
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