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1. Introduction

NALPs are members of a family of proteins that are involved in
innate immunity and are known as NOD-like receptors (NLRs;
Martinon & Tschopp, 2005). Through a variety of danger signals,
including infection and metabolic dysregulation, NALPs form intra-
cellular multimolecular complexes with ASC and caspase 1 that are
known as inflammasomes, creating a platform for the activation of
caspase 1 and the promotion of IL-1b maturation (Schroder &
Tschopp, 2010). IL-1b is a well known player in the process of
inflammation and fever (Dinarello, 2004). The human genome
contains 14 members of the NALP family, NALP1-NALP14, and it
is likely that most of these can form inflammasomes. The inflamma-
somes function as a platform to recruit caspase 1, providing proximity
for self-activation. Caspase 1 activated by the formation of
inflammasome activates the inactive inflammatory cytokines pro-
interleukin 18 and pro-interleukin 18, leading to NF-kB activation
and elicitation of innate immunity.

Currently, four distinct inflammasomes have been identified:
NALP1, NALP2, NALP3 and AIM2. Of the NALP inflammasomes,
NALP3 has been the most thoroughly studied. This inflammasome
is formed by several chemically and structurally diverse triggers that
mimic danger signals, including ATP, multiple microbial toxins that
disrupt the cell membrane and phagocytosed insoluble crystals
(Martinon, 2008; Kanneganti et al., 2006; Martinon et al., 2006). The
physiological role of the NALP3 inflammasome has been demon-
strated by the observation of a tight association of mutations within
the NALP3 gene with various autoinflammatory diseases such as
Muckle-Wells syndrome (MWS), familial cold autoinflammatory
syndrome (FCAS) and chronic infantile neurological cutaneous and
articular syndrome (CINCA) (Church et al., 2006; Hoffman et al.,
2001; Feldmann et al., 2002).

NALP3 (NACHT, LRR and PYD domains-containing protein 3),
ASC (apoptosis-associated speck-like protein containing a caspase-
recruitment domain) and caspase 1 are the three protein components
that form the NALP3 inflammasome. The PYD domain-containing
NALP3 plays an important role in signal sensing and oligomerization.
ASC is a bipartite adaptor protein that contains an N-terminal
© 2011 International Union of Crystallography PYD domain and a C-terminal CARD domain and plays a role in
All rights reserved connecting NALP3 and caspase 1. The CARD domain-containing
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caspase 1 is a prototypical inflammatory caspase that is responsible
for maturation of the inflammatory cytokines interleukin 18 and
interleukin 18 (Thornberry et al, 1992; Ghayur et al, 1997). The
assembly of the NALP3 inflammasome depends on the protein-
interacting domain known as the death domain superfamily, which is
composed of four subfamilies, death domains (DDs), death effector
domains (DEDs), caspase-recruitment domains (CARDs) and pyrin
domains (PYDs) (Park, 2011; Jang et al., 2010). The NALP3 inflam-
masome is assembled via a PYD-PYD interaction between ASC and
NALP3 and a CARD-CARD interaction between ASC and caspase
1 (Park et al., 2007). Although several PYD structures (ASC2 PYD,
PDB entry 2hm2; NALP1 PYD, 1pn5; ASC PYD, lucp; NALP7 PYD,
2km6) have been elucidated, limited structural information is avail-
able on the NALP3 inflammasome (Hiller e al., 2003; Pinheiro et al.,
2010; Liepinsh et al., 2003; Natarajan et al., 2006; Jang & Park, 2011).

As a first step towards elucidating the molecular structure of the
NALP3 inflammasome and further understanding the homotypic
interaction of PYD in the inflammation signalling pathway, we
overexpressed, purified and crystallized human NALP3 PYD. Over-
expressed NALP3 PYD was solubilized at pH 5.0 and then purified
by affinity chromatography followed by gel-filtration chromato-
graphy. Initial NALP3 PYD crystals were obtained in a solution
consisting of 32% PEG 2000 MME, 0.2 M ammonium sulfate and
0.1 M sodium acetate pH 4.4. The crystals belonged to space group
P2,, with unit-cell parameters a = 42.03, b = 60.14, ¢ = 51.61 A,
B =107.40°. The crystals were obtained at 293 K and diffracted to a
resolution of 1.7 A. Details regarding the structure of NALP3 PYD
should enable understanding of the mechanism of assembly of the
NALP3 inflammasome via the PYD-PYD interaction.

2. Materials and methods
2.1. Expression and purification

To express C-terminally His-tagged protein, human NALP3 PYD
corresponding to amino acids 3-110 was amplified by PCR using
forward (5-GGGCATATGATGGCAAGCACCCGCTG-3') and
reverse (5-GGGCTCGAGGCTGTCTTCCTGGCATATCACAG-3')
primers. The PCR product was then digested with the restriction
enzymes Ndel and Xhol (New England Biolabs, USA), after which it
was inserted into pOKD vector which had been cut with the same

500 670 158 44 17 135 kDa

400

300

200

Absorbance (mAU)

100

O(L
3 10 135 20 25

Elution volume (ml)

Figure 1
Purification of human NALP3 PYD: gel-filtration chromatography and SDS-
PAGE of human NALP3 PYD.

restriction enzymes. The pOKD vector is a home-made vector that
was modified from commercially available pET26b (Novagen, USA;
Dzivenu et al., 2004).

The plasmid was transformed into Escherichia coli BL21 (DE3)
competent cells and expression was induced by treating the bacteria
with 0.5 mM isopropyl B-b-1-thiogalactopyranoside (IPTG) over-
night at 293 K. Cells expressing NALP3 PYD were pelleted by
centrifugation, resuspended in 50 ml lysis buffer (20 mM Tris pH 8.0,
500 mM NaCl and 5 mM imidazole) and lysed by sonication. The
lysate was then centrifuged at 16 000 rev min—" for 1 h at 277 K, after
which the supernatant fractions were applied onto a gravity-flow
column (Bio-Rad) packed with Ni-NTA affinity resin (Qiagen). The
unbound bacterial proteins were subsequently removed from the
column using wash buffer (20 mM Tris pH 8.0, 500 mM NaCl, 60 mM
imidazole). The C-terminally His-tagged NALP3 PYD was eluted
from the column using elution buffer (20 mM Tris buffer pH 8.0,
500 mM NaCl, 250 mM imidazole).

The elution fractions were collected on a 0.5 ml scale to 3 ml.
Fractions containing more than 95% homogeneous NALP3 PYD, as
indicated by SDS-PAGE, were selected, combined and concentrated
to 20-25 mg ml~' using a concentration kit (Millipore). The con-
centrated protein was then applied onto a Superose 6 gel-filtration
column (GE Healthcare) pre-equilibrated with a solution consisting
of 20 mM sodium citrate pH 5.0 and 150 mM NaCl.

NALP3 PYD (molecular weight 12 685 Da), which eluted at
around 19 ml, was collected and concentrated to 6-8 mg ml~". The
peak was confirmed to contain NALP3 PYD by SDS-PAGE (Fig. 1).
Purified NALP3 PYD contained the C-terminal extra residues LE-
HHHHHH, which were not removed. Selenomethionine-substituted
NALP3 PYD was expressed in the methionine-auxotrophic strain
B834 (Novagen) grown in minimal medium supplemented with
seleno-L-methionine (Sigma) and other nutrients. It was purified and
crystallized using the same procedure as used for the native protein.

2.2. Crystallization

The crystallization conditions were initially screened at 293 K by
the hanging-drop vapour-diffusion method using screening kits from
Hampton Research (Crystal Screen, Crystal Screen 2, Natrix,
MembFac, Index, Crystal Screen Cryo and Crystal Screen Lite) and
from the deCODE Biostructures Group (Wizard I, II, III and IV).
Initial crystals were grown on plates by equilibrating a mixture
consisting of 1 ul protein solution (6-8 mgml™" protein in 20 mM
sodium citrate pH 5.0, 150 mM NaCl) and 1 pl reservoir solution
(condition No. 13 of Crystal Screen 2; 0.2 M ammonium sulfate,
0.1 M sodium acetate trihydrate pH 4.6, 30% polyethylene glycol

Figure 2

Crystals of human NALP3 PYD. The crystals were grown in 2 d in the presence of
32% PEG 2000 MME, 0.2 M ammonium sulfate and 0.1 M sodium acetate pH 4.4.
The approximate dimensions of the crystals were 0.1 x 0.1 x 0.4 mm.
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monomethyl ether 2000) against 0.4 ml reservoir solution. Crystal-
lization was further optimized by searching over a range of concen-
trations of protein, PEG MME 2000 and ammonium sulfate. Crystals
appeared within 2 d and grew to maximum dimensions of 0.1 x 0.1 x
0.4 mm (Fig. 2) in the presence of 32% PEG 2000 MME, 0.2 M
ammonium sulfate and 0.1 M sodium acetate pH 4.4. The crystals
diffracted to a resolution of 1.7 A.

2.3. Crystallographic data collection

For data collection, the crystals were briefly soaked in a solution
corresponding to the reservoir solution supplemented with 35% (v/v)
glycerol. The soaked crystals were then frozen in liquid nitrogen.
A native diffraction data set and a single-wavelength anomalous
diffraction (SAD) data set were collected to 1.7 A resolution on
beamline BL-4A at the Pohang Accelerator Laboratory (PAL),
Republic of Korea (Fig. 3). The SAD data set was collected at the
selenium peak wavelength (E =12 669 eV, 1 = 0.979 A). The data sets
were indexed and processed using HKL-2000 (Otwinowski & Minor,
1997). Selenomethionines were found and the structure was phased
using the SOLVE/RESOLVE (Terwilliger, 2004) or SHELX (Shel-
drick, 2008) programs. The data-collection statistics are summarized
in Table 1.

3. Results and discussion

NALP3 PYD was purified using two chromatographic steps, His-tag
affinity chromatography and gel-filtration chromatography, which
produced 98% pure target protein. The generated protein was
subsequently analyzed by SDS-PAGE (Fig. 1). No contaminating
bands were visible. The calculated monomeric molecular weight of
NALP3 PYD including the C-terminal His tag was 12 685 Da and it
eluted at approximately 15 kDa, suggesting that it may exist as a
monomer in solution.

Figure 3
Diffraction image (1° oscillation) of a NALP3 PYD crystal with a 1.7 A resolution
limit.

Table 1
Diffraction data statistics of NALP3 PYD crystals.

Values in parentheses are for the highest resolution shell.

Native SeMet
X-ray source . BL-4A, PAL BL-4A, PAL
Wavelength (A) 1.0000 0.979
Space group P2, P2,

Unit-cell parameters (A, °) a=42.03,b=160.14,

¢ =51.61, B=107.40

a=42.04,b=6021,
¢ =51.40, B =107.20

Resolution limits (A) 50-1.7 30-1.7

No. of observations 46584 100286

No. of unique reflections 23814 26472
Mean I/o(I) 4621 (27.47) 34.89 (6.72)
Completeness (%) 97.5 (96.0) 98.3 (97.1)
Runerge 3.5 (6.6) 9.2 (30.2)

The success in crystallizing NALP3 PYD was the result of several
factors. Firstly, many different constructs were used, most of which
either led to no crystals or poorly shaped crystals that could not be
optimized. One of the critical features of NALP3 PYD was that it
crystallized and diffracted only when purified under acidic conditions
such as pH 5.0.

The crystals belonged to space group P2, with unit-cell parameters
a=42.03,b=160.14, c = 51.61 A, B =107.40°. Assuming the presence
of one dimer or two monomers in the crystallographic asymmetric
unit, the Matthews coefficient (Vy,) was calculated to be 2.53 A? Da~!,
corresponding to a solvent content of 51.39% (Matthews, 1968).
Diffraction data statistics are given in Table 1. The data set was
indexed and processed using HKL-2000 (Otwinowski & Minor,
1997). The molecular-replacement phasing method was conducted
with the CNS program (Briinger et al., 1998) using the ASC PYD
structure (PDB entry lucp; Liepinsh et al., 2003), which has 22%
amino-acid sequence identity to NALP3 PYD, as a search model.
Since solving the structure of a member of the death domain super-
family using the molecular-replacement method is difficult in our
experience, we are also conducting SAD phasing using SOLVE/
RESOLVE (Terwilliger, 2004). Three methionines, not including the
N-terminal methinione, will be expected to produce sufficient phasing
power to solve the structure.
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Accelerator Laboratory. This research was supported by the Basic
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