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Radixin is a member of the ERM proteins that cross-link plasma membranes

and actin filaments. The FERM domains located in the N-terminal regions of

ERM proteins are responsible for membrane association through direct

interaction with the cytoplasmic tails of integral membrane proteins. Here,

crystals of the radixin FERM domain bound to the cytoplasmic peptides of two

adhesion molecules, CD43 and PSGL-1, have been obtained. Crystals of the

radixin FERM domain bound to CD43 belong to space group P4322, with unit-

cell parameters a = b = 68.72, c = 201.39 Å, and contain one complex in the

crystallographic asymmetric unit. Crystals of the radixin FERM domain bound

to PSGL-1 belong to space group P212121, with unit-cell parameters a = 80.74,

b = 85.73, c = 117.75 Å, and contain two complexes in the crystallographic

asymmetric unit. Intensity data sets were collected to a resolution of 2.9 Å for

the FERM–CD43 complex and 2.8 Å for the FERM–PSGL-1 complex.

1. Introduction

Ezrin, radixin and moesin form the ERM family of proteins that link

membrane proteins to the cytoskeleton and perform structural and

regulatory roles at the polarized cell cortex (Bretscher, 1999;

Mangeat et al., 1999; Tsukita & Yonemura, 1999). ERM proteins

consist of three functional domains: an N-terminal FERM (4.1, ezrin,

radixin, moesin) domain, an extended coiled-coil region and a short

C-terminal domain that binds F-actin. ERM proteins utilize the

FERM domain to bind intracellular proteins such as ERM-binding

phosphoprotein 50 (EBP50) and Rho GDP dissociation inhibitor

(Reczek et al., 1997; Takahashi et al., 1997). The FERM domain

associated with the plasmamembrane binds the juxtamembrane

region of the cytoplasmic tails of transmembrane proteins such as

intercellular adhesion molecules ICAM-1, ICAM-2 and ICAM-3 of

the immunoglobulin superfamily, cell-surface hyaluronate receptor

CD44, cell-surface glycoprotein CD43 (leukosialin or sialophorin),

P-selectin glycoprotein ligand-1 (PSGL-1) and the abundant micro-

villar neutral endopeptidase 24.11 (NEP; Helander et al., 1996;

Yonemura et al., 1993, 1998; Tsukita et al., 1994; Alonso-Lebrero et

al., 2000; Iwase et al., 2004). The adhesion molecules CD43 and

PSGL-1 are expressed on leukocytes and belong to a family

comprising mucin-type molecules. CD43, the major cell-surface

molecule in most haematopoietic cells, is thought to possess both cell-

adhesion and activation properties (Walker & Green, 1999). PSGL-1,

which is expressed as a homodimer, mediates leukocyte adhesion to

endothelial cells and is critically involved in the inflammatory

response in both brain and peripheral tissues (McEver & Cummings,

1997). The cytoplasmic domain regions of PSGL-1 and CD43 have

been shown to interact with the cytoskeleton during leukocyte

emigration or activation and these interactions are thought to be

mediated through the FERM domain of ERM proteins. A recent

report detailing the crystal structure of the radixin FERM domain

bound to ICAM-2 suggested that ICAM-2 and related adhesion

molecules possess the Motif-1 sequence motif RXXTYXVXXA

(where X represents any amino acid) for binding to the FERM

domain (Hamada et al., 2003). This sequence motif is less conserved

in CD43 and PGSL-1. Moreover, the cytoplasmic domain regions of
# 2007 International Union of Crystallography

All rights reserved



these two adhesion molecules exhibit no homology to Motif-2, unlike

the case with NHERF, where this sequence motif is utilized for

binding to the FERM domain (Terawaki et al., 2006). Here, we report

the crystallization and preliminary crystallographic investigation of

the radixin FERM domain complexed with the cytoplasmic domain

regions of PSGL-1 (FERM–PSGL-1 complex) and CD43 (FERM–

CD43 complex).

2. Methods

2.1. Protein preparation and binding assay

The FERM domain (residues 1–310, 36.7 kDa) of mouse radixin

was expressed in BL21(DE3) RIL cells containing plasmid pGEX4T-

3 as a fusion protein with glutathione-S-transferase. Details of this

purification scheme have been described previously (Hamada et al.,

2000). The purified protein was verified using matrix-assisted laser

desorption/ionization time-of-flight mass spectroscopy (MALDI–

TOF MS; PerSeptive Inc.) and N-terminal analysis (M492; Applied

Biosystems). Peptides corresponding to the cytoplasmic domain

region of mouse CD43 and PSGL-1 were purchased from Toray

Research Center (Tokyo, Japan). The peptide regions for binding

assays and crystallization were determined according to previous

studies of CD43 (Yonemura et al., 1998) and PSGL-1 (Urzainqui et

al., 2002). Binding assays of these peptides to the FERM domain were

performed by surface plasmon resonance measurements using a

BIAcore Biosensor instrument (Biacore 3000, Biacore). Biotinylated

peptides were immobilized on the surface of an SA sensor chip

(sensor chip SA, Biacore). Purified FERM domain was injected onto

the peptide surfaces. Kinetic parameters were evaluated using the

BIA evaluation software (Biacore).

2.2. Crystallization

Crystallization was performed by the hanging-drop vapour-

diffusion method using commercially available crystal screens at

277 K. Crystallization solutions were prepared by mixing 1 ml protein

solution with 1 ml of each reservoir solution. The ratio of the FERM

domain and peptide was adjusted from 1:1 to 1:20 in an effort to

improve the crystallization conditions. Crystals of the FERM–CD43

complex were obtained using a 1:5 protein:peptide solution prepared

by mixing a purified 1 mM radixin FERM-domain solution with

5 mM CD43 peptide (20 residues) solution in a 1:1 volume ratio (1:5

protein:peptide molar ratio). In the case of the FERM–PSGL-1

complex, use of a 1:10 protein:peptide solution was successful and

was prepared by mixing a purified 1 mM radixin FERM-domain

solution with 10 mM PSGL-1 peptide (18 residues) in a 1:1 volume

ratio. The crystals obtained were transferred stepwise into a cryo-

protective solution and flash-frozen at 100 K. MALDI–TOF MS was

employed to confirm that crystals contained both the radixin FERM

domain and the PSGL-1 or CD43 peptide.

2.3. X-ray data collection

X-ray diffraction data for the radixin FERM–CD43 crystal were

collected using a DIP2040b image-plate detector installed on the

BL44XU beamline at SPring-8, while X-ray diffraction data for the

radixin FERM–PSGL-1 crystal were collected using an MAR CCD

detector installed on the BL41XU beamline at SPring-8. All data

were processed with the HKL-2000 program suite (Otwinowski &

Minor, 1997).

3. Results and discussion

A quantitative analysis of peptide binding to the radixin FERM

domain was performed. The CD43 peptide, which consists of 20

N-terminal residues from the cytoplasmic tail (272-RQRQKRRT-

GALTLSGGGKRN-291) encompassing the reported binding region

(Yonemura et al., 1998), binds the radixin FERM domain with a

dissociation constant (Kd) of 1.96 mM (data not shown). This binding

affinity is comparable to that of the full-length cytoplasmic domain

region. The PSGL-1 peptide of the juxtamembrane region, which

consists of 18 N-terminal residues from the PSGL-1 cytoplasmic tail

(331-RLSRKTHMYPVRNYSPTE-348; Urzainqui et al., 2002), binds

to the radixin FERM domain with a Kd of 201 nM and was not

significantly different in comparison with the binding affinity of a

longer PSGL-1 peptide comprising 32 residues (Kd = 350 nM).

Needle-like crystals of the FERM–CD43 complex were obtained

within 5 d from a solution containing 1 ml of the 1:5 protein:peptide

solution with 1 ml reservoir solution containing 100 mM sodium

citrate pH 5.6, 10% polyethylene glycol 4000 (PEG 4K) and 10%(v/v)

2-propanol (Fig. 1). The crystals were transferred stepwise into a

cryoprotective solution containing 11% PEG 4K, 18%(v/v)

2-propanol, 15% PEG 200 and 100 mM sodium citrate buffer and

flash-frozen at 100 K. The FERM–CD43 crystals belong to space

group P4322 (or P4122), with unit-cell parameters a = b = 68.72,

c = 201.39 Å. MALDI–TOF MS of dissolved crystals gave peaks at
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Figure 1
Crystals of the complex formed by the radixin FERM domain with the CD43
cytoplasmic tail peptide. The scale bar indicates 0.1 mm.

Table 1
X-ray diffraction data of the FERM–CD43 and FERM–PSGL-1 complex crystals.

Values in parentheses are for the outer resolution shell.

Complex FERM–CD43 FERM–PSGL-1

Beamline (SPring-8) BL44XU BL41XU
Detector DIP2040b IP MAR CCD
Wavelength (Å) 0.90 1.00
Temperature (K) 100 100
Oscillation range (�) 180 (3� � 60 images) 180 (1� � 180 images)
Exposure time (s) 30 7
Space group P4322 P212121

Unit-cell parameters (Å) a = 68.72, b = 68.72,
c = 201.39

a = 80.74, b = 85.73,
c = 117.75

Resolution (Å) 2.9 2.8
Reflections (total/unique) 90704/11007 191709/20429
Completeness (%) 96.5 (76.4) 98.4 (92.3)
Mosaicity 0.6–1.0 0.6–1.5
hI/�(I)i 7.7 (1.7) 9.2 (3.7)
Rmerge† (%) 12.1 (37.7) 7.1 (11.7)

† Rmerge =
P
jIi � hIiij=

P
hIii, where Ii is the observed intensity and hIii is the average

intensity over symmetry-equivalent measurements.



37 921.3 Da (the calculated weight of the radixin FERM domain was

37 919 Da) and 2240.6 Da (the calculated weight of the CD43 peptide

was 2240.5 Da), respectively, showing that the crystals contain both

the protein and the peptide. A Matthews coefficient (Matthews, 1968)

of 3.0 Å3 Da�1 was calculated assuming the presence of one 1:1

radixin FERM domain–CD43 peptide complex in the asymmetric

unit, which corresponds to 58.1% solvent content by volume. The

crystallographic data and intensity data-processing statistics are

summarized in Table 1.

Plate-like crystals of the FERM–PSGL-1 complex were obtained

in a few days by mixing 1 ml 1:10 protein:peptide solution with 1 ml

reservoir solution containing 100 mM Tris–HCl pH 8.2 and 8%

polyethylene glycol 8000 (PEG 8K; Fig. 2). The crystals were trans-

ferred stepwise into a cryoprotective solution containing 8% PEG

8K, 100 mM Tris buffer and 20% PEG 400 and flash-frozen at 100 K.

The FERM–PSGL-1 crystals belong to space group P212121, with

unit-cell parameters a = 80.74, b = 85.73, c = 117.75 Å. MALDI–TOF

MS of dissolved crystals gave peaks at 37 920.7 Da (the calculated

weight of the radixin FERM domain was 37 919 Da) and 2460.4 Da

(the calculated weight of the PSGL-1 peptide was 2461.8 Da),

respectively, showing that the crystals contain both the protein and

the peptide. Assuming the presence of two 1:1 FERM–PSGL-1

complexes in the asymmetric unit, a Matthews coefficient of

2.5 Å3 Da�1 was obtained, which corresponds to 50.9% solvent

content by volume. Calculation of the self-rotation map did not yield

a peak in the � = 180� section, which suggests that the dimer is not

associated with a local twofold symmetry or is associated with a

noncrystallographic twofold axis that is parallel to the crystallo-

graphic 21 axis. Efforts are currently being directed towards solving

both structure complexes using the molecular-replacement method.
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Figure 2
Crystals of the complex formed by the radixin FERM domain with the PSGL-1
cytoplasmic tail peptide. The scale bar indicates 0.2 mm.


