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Crystallization and preliminary crystallographic
studies of a cysteine protease inhibitor from the
human nematode parasite Ascaris lumbricoides

The cysteine protease inhibitor from Ascaris lumbricoides, a roundworm that
lives in the human intestine, may be involved in the suppression of human
immune responses. Here, the molecular cloning, protein expression and
purification, preliminary crystallization and crystallographic characterization
of the cysteine protease inhibitor from A. lumbricoides are reported. The rod-
shaped crystal belonged to space group C2, with unit-cell parameters a = 99.40,
b=37.52,¢c=6292 A, B=118.26°. The crystal diffracted to 2.1 A resolution and
contained two molecules in the asymmetric unit.

1. Introduction

The cysteine protease inhibitor (CPI) superfamily comprises a
number of proteins that are present across species. CPIs mostly target
family C1 (papain-like) cysteine proteases (Turk et al., 1997). The
cellular functions of CPIs include protection against unwanted
proteolysis and regulation of intracellular and extracellular protein
breakdown. For example, cathepsins (a mammalian version of family
Cl1 cysteine proteases) have been shown to be involved in antigen
presentation, apoptosis and bone remodelling in addition to their
roles in lysosomal protein degradation (Chapman et al., 1997; Honey
& Rudensky, 2003; Turk et al., 2002). Cathepsin function must be
tightly regulated in order to avoid unnecessary activation. This
regulation is provided through the binding of CPIs to cathepsins.

CPIs have been identified in many species of nematode parasites.
They are believed to play important roles in the regulation of
essential developmental events such as the moulting or the hatching
of the worms (Lustigman ez al., 1992). Studies in recent years have
demonstrated that protease inhibitors from parasitic worms are also
able to modulate the functions of host immune systems (Gregory &
Maizels, 2008). Further studies have shown that protease inhibitors of
parasitic origin may influence the activity of cathepsin S, a cysteine
protease that is important in antigen processing and presentation by
dendritic cells, resulting in impaired immune responses (Dainichi
et al., 2001; Schonemeyer et al, 2001). Owing to their immune-
modulating properties, parasite protease inhibitors may have
pharmaceutical value for the treatment of autoimmune and allergic
diseases in humans.

We observed that a CPI from Ascaris lumbricoides, a roundworm
that lives in the human intestine, strongly suppresses the activation of
human immune cells (unpublished data). In this report, we performed
a preliminary X-ray analysis of CPI from A. lumbricoides (Al-CPI)
with the aim of understanding its three-dimensional structure.

2. Materials and methods
2.1. Molecular cloning, protein expression and purification

Total RNA was isolated from adult A. lumbricoides worms.
Double-stranded cDNA was obtained by RT-PCR from total RNA
using a reverse transcription system (Promega). The gene encoding
Al-CPI (GenBank accession No. HQ404231) was amplified by PCR
from cDNA with the primers 5-CCGGAATTCGAAAACCTGTA-
TTTTCAGGGCCAAGTAGGAGTTCCTGGTGGTTTC-3' and 5'-
ACGCGTCGACTTATGCAGATTTGCATTCTTTGATG-3' (EcoRI
and Sall sites, respectively, are shown in bold). The purified PCR

228  doi:10.1107/51744309110050773

Acta Cryst. (2011). F67, 228-230



crystallization communications

product was digested with EcoRI and Sall and ligated into a similarly
digested pET28a vector (Novagen). The resulting construct
contained an additional tobacco etch virus (TEV) cleavage site
(Glu-Asn-Leu-Tyr-Phe-GIn/Gly) between the His tag and the
protein-coding sequence. The resulting plasmid was confirmed by
DNA sequencing (Invitrogen).

The recombinant plasmid pET28a-Al-CPI was transformed into
Escherichia coli BL21 (DE3) cells (Novagen). Cells were grown at
310 K in Luria-Bertani (LB) medium containing 100 pg ml~" kana-
mycin to an ODgy of 0.6-0.8. Protein expression was induced with
0.8 mM isopropyl B-p-1-thiogalactopyranoside (IPTG) for 20 h at
293 K. The cells were harvested by centrifugation at 6000g for 10 min
at 277K and frozen at 193 K until purification. The cells were
resuspended in 20 mM Tris—HCI, 200 mM NaCl pH 7.8 and lysed by
three passes through a JN-3000 PLUS cell disrupter (JNBIO) at
135 MPa. The lysed cells were then centrifuged at 18 000g for 30 min
at 277 K. The supernatant was loaded onto a nickel-nitrilotriacetic
acid (Ni-NTA) column (Qiagen). The column was washed with ten
column volumes of 20 mM Tris—HCI, 200 mM NaCl and 50 mM
imidazole pH 7.8 to remove contaminants. Al-CPI was then eluted
with 20 mM Tris—HCI, 200 mM NaCl and 250 mM imidazole pH 7.8.
The N-terminal His tag was cleaved off with TEV protease overnight
at 289 K while dialysing the solution against 20 mM Tris—HCI, 50 mM
NaCl pH 7.8. The cleaved protein mixture was loaded onto an Ni—
NTA column (Qiagen). The flowthrough fraction was concentrated
to about 5 ml using a Millipore Amicon Ultra-15 centrifugal filter
(3000 Da molecular-weight cutoff) and loaded onto a HiLoad 16/60
Superdex 75 gel-filtration column (GE Healthcare) pre-equilibrated
with 20 mM Tris—-HCI, 100 mM NaCl and 5% glycerol pH 7.4. The
peak fractions containing the target protein were collected and
concentrated. The protein concentration was determined using the
Bradford assay (Bradford, 1976). The result of each purification step
was monitored by SDS-PAGE.

2.2. Crystallization

The target protein was concentrated to 30 mg ml~' by ultrafiltra-
tion (Millipore Amicon) in a buffer consisting of 20 mM Tris—-HCI,
100 mM NaCl and 5% glycerol pH 7.4. Crystallization experiments
were performed using the sitting-drop vapour-diffusion method at
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Figure 1

15% SDS-PAGE analysis of Al-CPI. Lane 1, markers (kDa); lane 2, eluted fraction
containing Al-CPI from the HiLoad 16/60 Superdex 75 gel-filtration column.

293 K in 96-well plates (Greiner). Crystal Screen HT, Index HT,
SaltRx HT, PEG/Ion HT (Hampton Research), Wizard I, Wizard 11
and Wizard IIT (Emerald BioSystems) were used to screen for initial
crystallization conditions. 1 pl protein solution was mixed with 1 pl
reservoir solution and equilibrated against 70 pl reservoir solution.
Crystals appeared several days later in a condition (condition C4 of
Crystal Screen HT) consisting of 0.2 M sodium acetate, 0.1 M sodium
cacodylate pH 6.5, 30% PEG 8000. No optimization of the crystal-
lization condition was needed and the diffraction quality of the
crystal was sufficient for data collection.

2.3. Data collection

The AI-CPI crystal was sequentially immersed in crystallization
solution containing an additional 5, 10, 15 and 20%(v/v) ethylene
glycol as cryoprotectant. The looped crystal was then cooled in a

Figure 2
Crystals of Al-CPI obtained using the sitting-drop vapour-diffusion method.

Figure 3
X-ray diffraction image from an Al-CPI crystal with resolution circles marked in A.
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Table 1
Data-collection statistics for the Al-CPI crystal.

Values in parentheses are for the highest resolution shell.

Space group 2

Unit-cell parameters (A, °) a=99.40, b=37.52,c=62.92,
B =11826

Wavelength (A) 1.54056

Temperature (K) 100
Resolution range (A) 18.46-2.10 (2.21-2.10)
Unique reflections 12136 (1766)

Multiplicity 57 (3.1)
Average llo(I) 10.1 (2.3)
Completeness (%) 99.7 (99.1)
Rinerge (%) . 13.0 (50.3)
Matthews coefficient (A® Da™") 2.03
Solvent content (%) 39.52

liquid-nitrogen stream maintained at 100 K and subjected to X-ray
diffraction data collection. A complete diffraction data set consisting
of 462 frames was collected at 100 K using an in-house Oxford
Diffraction Gemini R Ultra system with a 135 mm Ruby CCD
detector at the Guangzhou Institutes of Biomedicine and Health,
Chinese Academy of Sciences. Diffraction data were indexed and
integrated using MOSFLM (Leslie, 1992) and scaled using SCALA
from the CCP4 program suite (Collaborative Computational Project,
Number 4, 1994).

3. Results and discussion

Recombinant Al-CPI was expressed in a soluble form in E. coli at
293 K. About 10 mg of Al-CPI could be purified from a litre of cell
culture and the purity of Al-CPI was more than 95% as determined
by SDS-PAGE (Fig. 1). The purified Al-CPI was concentrated to
30 mg ml™" for crystal screening. Several days after high-throughput
crystallization screening, diffraction-quality crystals were obtained
using the sitting-drop vapour-diffusion method from a condition
consisting of 0.2 M sodium acetate, 0.1 M sodium cacodylate pH 6.5,
30% PEG 8000. An image of typical Al-CPI crystals is shown in Fig. 2.
A diffraction data set was collected to 2.10 A resolution (Fig. 3).
The crystal belonged to the C-centred monoclinic space group C2,
with unit-cell parameters a = 99.40, b = 37.52, ¢ = 62.92 A, B=118.26°.
Diffraction data for AI-CPI were processed in the resolution range

18.46-2.10 A. There were predicted to be two AIl-CPI molecules
in the asymmetric unit, corresponding to a Matthews coefficient of
2.03 A Da™" and a solvent content of 39.52% (Matthews, 1968). A
summary of the crystal parameters and the statistics of the diffraction
data are presented in Table 1. An initial molecular-replacement
solution was obtained using chicken egg-white cystatin (PDB code
1cew; Bode e al., 1988), which has 34% sequence identity to Al-CPI,
as a search model with the program BALBES (Long et al., 2008).
Further model improvement and refinement is in progress. The
crystal structure of Al-CPI should facilitate understanding of the role
of Al-CPI in immune response.
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R-084) and the National Natural Science Foundation of China
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