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Youssef Ben Ammar,* Soichi Calcineurin homologous protein (CHP) is a Ca**-binding protein that directly
Takeda,® Mitsuaki Sugawara,© interacts with and regulates the activity of all plasma-membrane Na'/H'-
Masashi Miyano,“ Hidezo Mori® exchanger (NHE) family members. In contrast to the ubiquitous isoform CHP1,
and Shigeo Wakabayashi®* CHP2 is highly expressed in cancer cells. To understand the regulatory

mechanism of NHE1 by CHP2, the complex CHP2-NHE1 (amino acids 503—
aDepartment of Molecular Physiology, National 545) has been cr.ys.talhzed by the 51tt1.ng-drop vapco)ur-d1ffu51on method using
Cardiovascular Center Research Institute, PEG 3350 as precipitant. The crystals diffract to 2.7 A and belong to a tetragonal
Fujishiro-dai 5-7-1, Suita, Osaka 565-8565, space group, with unit-cell parameters a = b = 49.96, ¢ = 103.20 A.
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Osaka 565-8565, Japan, and “Structural 1. Introduction

Biophysics Laboratory, RIKEN Harima Institute .
at SPring-8, Kouto, Mikazuki, Sayo The Na*/H" exchangers (NHEs) are electroneutral transporters that

Hyogo 679-5148, Japan catalyze the countertransport of Na* and H' through the plasma
membrane and other intracellular organellar membranes in various
animal species (Wakabayashi et al., 1997; Orlowski & Grinstein,

Correspondence e-mail: wak@ri.ncve.go.jp 2004). Nine different NHE isoforms (NHE1-NHE9) have been
identified in mammalian tissues. Although they have been shown to
exhibit similar membrane topology, these isoforms are thought to

Received 18 August 2005 play different roles in various tissues (Counillon & Pouysségur, 2000;

Accepted 27 September 2005 Orlowski & Grinstein, 2004). The isoform NHEI1 is ubiquitously

Online 30 September 2005 expressed in all tissues and cell types and plays a major role in

maintaining intracellular pH and cell-volume homoeostasis (Putney

et al., 2002). The activity of NHEI1 is controlled by various extrinsic
factors, including growth factors, hormones and mechanical stimuli

(Wakabayashi et al., 1997; Counillon & Pouysségur, 2000; Orlowski &

Grinstein, 2004). NHEL is regulated by a variety of signalling mole-

cules including calcineurin B homologous protein (CHP; Lin &

Barber, 1996; Pang et al., 2001) and Ca**/calmodulin (Bertrand et al.,

1994; Wakabayashi et al., 1994). Despite intensive studies on NHE1

and its regulation, structural information is extremely limited, espe-

cially for the cytoplasmic C-terminal domain which contains most of
the binding domains for the regulatory proteins.

CHP was initially identified as a protein (p22) involved in vesicular
transport (Barroso ef al., 1996) and also as a molecule that interacts
with NHE (Lin & Barber, 1996). CHP has also been reported to be
involved in various cell functions, such as inhibition of calcineurin
phosphatase activity (Lin et al, 1999) and interaction with micro-
tubules (Timm et al., 1999), DRAK2 (death-associated protein
kinase-related apoptosis-inducing protein kinase 2; Matsumoto et al.,
2001) and KIF1Bp2 (kinesin family 1Bb2; Nakamura et al., 2002). We
have previously reported that CHP is an essential cofactor for
supporting the physiological activity of the Na"/H* exchanger by
interacting with its juxtamembrane cytoplasmic domain (Pang et al.,
2001). Furthermore, we demonstrated that in contrast to the
ubiquitous CHP1 isoform, CHP2 (61% amino-acid identity with
CHP1) is highly expressed in malignantly transformed cells and may
be involved in maintaining the high intracellular pH (pH;) in cancer
cells (Pang et al., 2002). NHE1 mutants lacking the CHP-binding
region (amino acids 515-530) exhibited low exchange activity (5-10%
of the wild-type level; Pang ef al., 2001), suggesting that this region is
essential for normal exchange activity of NHE1. This region with
© 2005 International Union of Crystallography bound CHP would therefore function as a key structure maintaining
All rights reserved the physiologically active conformation of NHE1 (Pang et al., 2001).
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Consequently, more detailed structural information including the
crystal structure of CHP complexed with its binding domain is of
great importance to reveal the mechanism by which CHP is involved
in this important regulation pathway of NHEI.

Here, we report the first crystallization and preliminary crystallo-
graphic studies of the human CHP2 complexed with the C-terminal
cytoplasmic region (amino acids 503-545) of NHE1. Hereafter, the
protein complex is referred to as CHP2-NHE1-peptide.

2. Materials and methods
2.1. Protein expression and purification

Human CHP2 ¢cDNA (GenBank accession No. AF146019) corre-
sponding to amino-acid residues 1-196 cloned into pET11 vector
(Novagen) as a fusion protein with a C-terminal Hiss tag was co-
expressed in Escherichia coli (BL21-Star; Invitrogen) with the human
c¢DNA encoding the cytoplasmic binding-domain region of NHE1
peptide cloned into pET24 vector (Novagen). Six histidine residues
were inserted after Lys196 of CHP2, while a stop codon was incor-
porated just after the sequence coding for the NHE1 peptide to
eliminate the Hiss tag from the vector. Using this coexpression
system, as also described previously for CHP1 (Pang et al., 2004), we
were able to obtain CHP2 in a complex form with its binding domain
of NHEL. Cells were cultured in 2XYT medium containing
100 pg ml~" ampicillin and 100 ug ml~' kanamycin at 310 K. At an
optical density of 0.6 at 600 nm, protein expression was induced by
the addition of IPTG to a final concentration of 1 mM and cells were
grown overnight at 291 K. The cells were harvested and resuspended
in PBS buffer containing 1 mM phenylmethylsulfonyl fluoride
(PMSF) and disrupted by sonication at 277 K. After centrifugation at
277 K, the supernatant containing the complex CHP2-NHE1-peptide
was applied onto an Ni-NTA agarose affinity column (Invitrogen)
equilibrated with PBS buffer. The column was washed with buffer A
(20 mM sodium phosphate, 500 mM NaCl and 2 M KCI pH 6.0),
buffer B (20 mM sodium phosphate and 500 mM NaCl pH 4.7) and
then buffer C (20 mM sodium phosphate and 500 mM NaCl pH 6.0).
The adsorbed protein complex was eluted with buffer C containing
500 mM imidazole, dialyzed overnight against buffer D (20 mM Tris—
HCI pH 8.5) and further purified using a DEAE-Sepharose column
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Figure 1

Polyacrylamide gel-electrophoresis pattern of the complex CHP2-NHE1-peptide.
Crystals were collected and washed with the cryoprotectant solution. Collected
crystals and 10 pg of the purified complex were applied to 4-12% gradient gel for
lanes 1 and 2, respectively. Proteins were stained with Coomassie Brilliant Blue.

(HiTrap DEAE FF 5 ml; Amersham Biosciences) eluted with a
gradient from 0 to 1 M NaCl in 20 mM Tris—-HCI buffer pH 8.5. A
final purification step was carried out using gel-filtration chromato-
graphy (Superdex 200; Amersham Bioscience). The gel-filtration
column was eluted with a buffer solution containing 100 mM NaCl
and 20 mM Tris—-HCI pH 7.5. The fraction containing CHP2-NHE1-
peptide was pooled, dialyzed against 20 mM Tris-HCl pH 7.5,
concentrated (20-25 mg ml™") using Amicon Ultra (Millipore) and
subjected to crystallization without removing the His, tag.

2.2. Crystallization

Preliminary screening of crystallization conditions was performed
using various commercial kits (Hampton Research Crystal Screen
kits, Emerald BioSystems Screen kits, Sigma—Aldrich Crystallization
kits) and carried out using the sitting-drop vapour-diffusion method
at 293, 287 and 277 K. 1 pl aliquots of protein-complex solution (20—
25 mg ml™") were mixed with 1 pl reservoir solution to form the
droplet, which was equilibrated against 100 pul reservoir solution. The
initial screening, involving about 1440 individual trials, was unsuc-
cessful. Additives from Hampton Research were used together with
the above screening kits in a second trial involving about 4320 indi-
vidual trials and very small and thin needle-shape crystals were finally
obtained with a crystallization solution containing 200 mM ammo-
nium acetate, 100 mM Bis-Tris pH 5.5, 25% (w/v) polyethylene glycol
3350 (PEG 3350) and 5 mM yttrium chloride as an additive at 277 K.
Refinement of the crystallization conditions to 200 mM ammonium
acetate, 100 mM Bis-Tris pH 5.5, 25%(w/v) PEG 3350 and 10 mM
yttrium chloride at 293 K improved the size of the crystals. The
resultant crystals are mostly in clusters, with the occasional appear-
ance of single crystals. Single crystals or dissected parts from the
clusters were used for data collection.

2.3. Crystallographic data collection

Prior to data collection, single crystals were soaked in a solution
containing 200 mM ammonium acetate, 100 mM Bis-Tris pH 5.5,
35%(w/v) PEG 3350 and 10 mM yttrium chloride and flash-frozen
under a nitrogen flow at 100 K. The crystals were evaluated in-house
with Cu Ko radiation (A = 1.5418 A) generated by an RA-Micro 7
rotating-anode X-ray generator with R-AXIS VII imaging-plate
detector (Rigaku). High-resolution data sets were collected using an

Figure 2
Crystal of human CHP2-NHEI1-peptide as grown by the sitting-drop method. The
scale bar indicates 0.1 mm.
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Table 1

Data-collection statistics.

Values in parentheses are for the highest resolution shell (2.8-2.7 A).

X-ray source SPring-8 BL41XU

Space group P4, or P45

Unit-cell parameters (A, °) a=b=49.96, c=103.20,
a=B=y=90

Wavelength (A) 1.0000

Resolution range (A) 50.00-2.70 (2.80-2.70)

Total reflections 26984

Unique reflections 6807

Rerget (%) 48 (25.1)

Completeness (%) 97.3 (83.1)

(Hlo (D)) 17.3 (4.5)

Redundancy 4.0 (3.1)

Crystal mosaicity (°) 0.458

T Ruerge = 9 pia 2 Mi(hkl) — (I(hkD))| /> g > I;(hkl), where I(hkl) is the ith intensity
measurement of reflection hkl and (I(hkl)) is its average.

ADSC Quantum 315 CCD detector installed on the BL41XU
beamline at SPring-8. The data collection was performed at a wave-
length of 1.000 A over a total range of 180°, with individual frames of
1° and an exposure time of 4 s. The crystal-to-detector distance was
350 mm. The collected images were processed using HKIL2000
(Otwinowski & Minor, 1997).

3. Results and discussion

CHP is an important regulatory factor that maintains the physio-
logically active conformation of NHEI. In this study, in order to
clarify the regulatory mechanism of NHE1 by CHP, we coexpressed
CHP2 and its binding domain in NHE1 (amino acids 503-545) in
E. coli and crystallized the complex. Firstly, we confirmed that the
purified complex CHP2-NHE1-peptide was retained as a single peak
on gel-filtration chromatography, indicating that the stable complex
exists as a monomer (M, = 28 000) in solution. In addition, using a
4-12% polyacrylamide gradient gel we confirmed that the purity of
the complex is suitable for crystallization assay and that the purified
sample contained equimolar amounts (1:1 molar ratio) of CHP2 and
NHE1-peptide (Fig. 1).

Crystals suitable for X-ray crystallographic analysis were obtained
within 2-3 d at 293 K using the sitting-drop vapour-diffusion method
(Fig. 2). A previous attempt to collect crystallographic data at
beamline BL44B2 (SPring-8) gave a maximum resolution of 3.0 A
owing to the small size of crystals. To obtain higher resolution data,
we used the undulator beamline BL41XU. Crystals diffracted to 2.5 A
resolution along the ¢ axis of the crystal, but the data set was only
qualitatively useful to 2.7 A because of anisotropic diffraction.

The tetragonal crystal of CHP2-NHE1-peptide was determined to
be P4, or P4;, with unit-cell parameters a = b = 49.96, ¢ = 103.20 A.
Assuming the presence of one CHP2-NHEl-peptide complex
molecule in the asymmetric unit, the Matthews coefficient Vy; was
calculated to be 2.5A%Da”!, indicating a solvent content of
approximately 49.5% in the unit cell. These values are within the
typical range for protein crystals (Matthews, 1968).

The native data set has 6807 unique reflections, giving a data-set
completeness of 97.3% in the resolution range 50.0-2.7 A, with an
R(I)merge of 4.8% (Table 1). Although CHP2 shows about 36%
sequence identity with human CNB (PDB code 1aui; Kissinger et al.,
1995), molecular replacement using CNB as a search model with
MOLREP (Vagin & Teplyakov, 1997) was unsuccessful. Further
crystallization refinement and structural analysis by multi-wavelength
anomalous dispersion methods using selenomethionine and also
taking advantage of the presence of yttrium as an additive are in
progress.

We thank the staff at beamlines BL44B2 and BL41XU, SPring-8
for data-collection support and Dr Tianxiang Pang for initial parti-
cipation in this study. This work was supported by grant Nano-001 for
Research on Advanced Medical Technology from the Ministry of
Health, Labour and Welfare of Japan and Grant-in-Aid for Priority
Areas 13142210 for Scientific Research from the Ministry of
Education, Science and Culture of Japan. YBA was supported by a
Japan Society for the Promotion of Science (JSPS) Postdoctoral
Fellowship.
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