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Proteins of the Homer/Vesl family are enriched at excitatory synapses

and selectively bind to a proline-rich consensus sequence in group 1

metabotropic glutamate receptors via a domain that shows a strong

similarity to the Ena/VASP homology 1 (EVH1) domains. EVH1

domains play an important role in actin cytoskeleton dynamics.

Crystals of the EVH1 domain of murine Vesl-2b were obtained that

diffract X-rays to 2.4 AÊ resolution. They belong to space group C2,

with unit-cell parameters a = 112.8, b = 69.9, c = 54.9 AÊ , � = 110.7�,
consistent with three molecules per asymmetric unit and a solvent

content of 53%.
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1. Introduction

Recently, a family of adaptor proteins,

including Drosophila Enabled (Ena),

mammalian vasodilator-stimulated phospho-

protein (VASP) and Wiskott±Aldrich

syndrome protein (WASP), has been impli-

cated in the spatial coordination of proteins

involved in the actin-assembly machinery

(Pollard, 1995; Machesky, 1997; Beckerle,

1998). All family members contain an

N-terminal protein-interaction module

referred to as Enabled/VASP homology 1

(EVH1) domain (Gertler et al., 1996; Symons

et al., 1996; Ponting & Phillips, 1997). EVH1

domains participate in directed cell movement

by recruiting proteins to sites of actin

dynamics. EVH1 domains speci®cally recog-

nize proline-rich motifs of the consensus

sequence FPPPP (Niebuhr et al., 1997). This

motif is not only found in proteins involved in

transmitting external signals to the

actin cytoskeleton (Reinhard et al.,

1995; Niebuhr et al., 1997; Machesky &

Insall, 1998), but also tandemly repe-

ated in the protein ActA from the

human pathogen Listeria mono-

cytogenes (Chakraborty et al., 1995;

Gertler et al., 1996; Smith et al., 1996).

The crystal structures of the EVH1

domains of mammalian Ena (Prehoda

et al., 1999) and Ena/VASP-like protein

(Fedorov et al., 1999) have been shown

to be strikingly similar to pleckstrin

homology (PH) and phosphotyrosine-

binding protein (PTB) domains

(reviewed by Blomberg et al., 1999).

The structures which were obtained in

complex with their target peptides also

demonstrated that these interaction

modules utilize a mechanism of proline-

motif recognition that is primarily based on the

conformational properties of the ligand, i.e. a

polyproline II (PPII) conformation, rather

than the speci®c identity of residues. The PPII

conformation is a left-handed helix with three

residues per turn.

Interestingly, EVH1 domains are also found

in a distinct class of proteins with no obvious

link to the actin cytoskeleton. These proteins

belong to the Homer/Vesl family of post-

synaptic proteins which play an important role

in synaptic plasticity and long-term potentia-

tion (Brakeman et al., 1997; Kato et al., 1997).

There is a sequence identity of about 30%

between Homer/Vesl and Mena/VASP protein

families (Callebaut et al., 1998; Prehoda et al.,

1999). The Homer/Vesl EVH1 domains speci-

®cally recognize the proline-rich motif PPSPF

located in the C-terminal region of group 1

metabotropic glutamate receptors (mGluRs;

Xiao et al., 1998) as well as the consensus motif

Figure 1
SDS±PAGE of mVesl-2b EVH1 domain expression and puri®ca-
tion. M, molecular-weight marker; lane 1, soluble fraction; lane 2,
glutathione Sepharose column eluate; lane 3, GST-mVesl-2b
fusion proteins bound to glutathione Sepharose; lane 4, elution of
13 and 15 kDa mVesl-2b proteins after on-column cleavage with
PreScission protease; lane 5, puri®ed mVesl-2b EVH1 domain
(residues 1±111).
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PPxxF in inositol 1,4,5-triphosphate (IP3)

receptors (Tu et al., 1998) and the post-

synaptic density protein Shank (Tu et al.,

1999). The apparent reversal of the

sequence motif (PPSPF instead of FPPPP)

suggests that the EVH1 domain may

recognize its natural ligand in the opposite

orientation. A similar phenomenon has

previously been observed for SH3 domains,

which also recognize proline-rich sequences

in two alternative orientations (Lim et al.,

1994; Musacchio et al., 1994).

Here, we report the puri®cation, crystal-

lization and preliminary X-ray crystal-

lographic analysis of the EVH1 domain

(amino acids 1±111) of murine Vesl (mVesl-

2b).

2. Bacterial expression and purification

The coding sequence for the EVH1 domain

of mVesl-2b (residues 1±118) was ampli®ed

using PCR and cloned into the NcoI/BamHI

sites of the Escherichia coli expression

vector pGEX-6P-1 (Pharmacia). For

expression, cells were grown at 310 K in LB

medium containing 100 mg mlÿ1 ampicillin

until an OD600 of 0.5±0.8 was reached. Prior

to induction with isopropylthio-�-d-galac-

toside to a ®nal concentration of 0.1 mM,

cells were cooled to 293 K. Cell culturing

was continued for 18 h. After cell lysis using

a French press, the supernatant was applied

to an equilibrated glutathione Sepharose

column (Pharmacia). The column was

extensively washed with PreScission

protease cleavage buffer (Pharmacia)

containing 50 mM Tris±HCl pH 7.0, 150 mM

NaCl, 1 mM EDTA and 1 mM DTT. The

glutathione-S-transferase fusion partner was

removed by adding 200 units of PreScission

protease (Pharmacia) and incubating at

277 K for 3±5 d. Cleaved mVesl-2b was

eluted with PBS and concentrated using

Centriplus 3 cells (Amicon). The protein was

further puri®ed by ion-exchange chromato-

graphy using a Mono S column (Pharmacia)

and a linear NaCl gradient (0±1M NaCl in

20 mM HEPES pH 7.5). mVesl-2b-

containing fractions were pooled and

concentrated to 15 mg mlÿ1 protein. The

protein concentration was estimated using a

calculated extinction coef®cient (Gill & von

Hippel, 1989). The progress of protein

puri®cation was followed using SDS±PAGE.

Domain borders of the

initial construct (residues 1±

118) were chosen using

sequence alignments (Call-

ebaut et al., 1998). Owing to

the cloning strategy, the

cleaved mVesl-2b protein

contained ®ve additional N-

terminal amino-acid residues.

Owing to the erroneous

placement of a stop codon, 15

additional C-terminal amino-

acid residues derived from the

vector were attached to the

C terminus. This protein

(15 kDa) was, however,

partially degraded in the E.

coli cells to a smaller protein of

about 13 kDa (Fig. 1). N-

terminal amino-acid sequen-

cing and MALDI±TOF mass

spectrometry showed that the

truncated version contained

the ®rst 111 amino acids of

mVesl-2b plus ®ve N-terminal

amino acids from the expres-

sion vector. Because the

smaller protein remained

stable during puri®cation, we

concluded that residue 111

represents the last residue of

the mVesl-2b EVH1 domain.

Consequently, a new expres-

sion vector for the production

of the ®rst 111 mVesl-2b amino

acids was constructed. Using

this construct, we were able to

Figure 2
Crystals of the mVesl-2b EVH1 domain. Dimensions
of the crystals are indicated by a scale bar.

Figure 3
The self-rotation function of mVesl calculated in the
resolution range 20±8 AÊ with a probe radius of 55 AÊ . The
plots represent half-spheres of constant � rotations,
where �-rotation axes are displaced by ' rotations out of
the horizontal plane and rotated by  around the viewing
axis. (a) � = 120�; (b) � = 180�; (c) � = 60�. The only
crystallographic symmetry is a twofold rotation axis
parallel to b (black arrow in b). Additional features
include two sets of non-crystallographic symmetry axes.
The stronger set includes a threefold axis in the ac* plane
(blue arrow in a) and two twofold axes (blue arrows in b)
which combine with the crystallographic twofold to yield
a pseudo-P3x21 packing. A weaker set of twofold axes
(green arrows in b), one parallel to the threefold and
three intermediate to the stronger twofolds, combine
with the P3x21 to give a weaker pseudo-P6x22 packing.
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purify the recombinant mVesl-2b EVH1

domain, yielding up to 30 mg protein per

litre of bacterial culture. The protein was

�99% pure as judged from Coomassie-blue

stained SDS±PAGE (Fig. 1).

3. Protein crystallization

Prior to crystallization, the protein was

dialysed against 20 mM HEPES pH 7.5.

Sitting-drop crystallization experiments

were performed at 293 K using Crystal

Screens I and II and 96 well plates

(Hampton Research, Laguna Hills, USA;

Jancarik & Kim, 1991; Cudney et al., 1994).

3 ml of protein solution (15 mg mlÿ1) and

3 ml of precipitant solution were mixed and

allowed to equilibrate against 100 ml of

reservoir solution. Small crystals (<100 mm)

were obtained from 1.6 M (NH4)2SO4, 0.1 M

NaCl, 0.1 M HEPES pH 7.5.

Further crystal optimization was

performed by the hanging-drop vapour-

diffusion method in Linbro plates by mixing

5 ml protein solution with 5 ml precipitant

and equilibrating against 500 ml reservoirs.

Crystal growth was optimized using addi-

tive- and detergent-screening kits (Hampton

Research). The largest crystals, with dimen-

sions of 0.3 � 0.2 � 0.2 mm (Fig. 2), were

obtained by adding 1 ml of a 0.1 M solution

of nicotinamide adenine dinucleotide (from

the additive-screening kit) to the drop. Prior

to data collection at 100 K, the crystals were

cryoprotected by adding glycerol to a ®nal

concentration of 25%(v/v).

4. X-ray data collection and processing

A ®rst X-ray data set was collected to 3.2 AÊ

resolution using graphite-monochromated

X-rays from a Nonius FR571 X-ray

generator operated at 50 kV and 90 mA and

a MAR 18 cm image plate (FU Berlin,

Germany) at room temperature. Data were

processed using the HKL package (Otwi-

nowski & Minor, 1997). The space group of

the crystals was C2, with unit-cell para-

meters a = 115.2, b = 71.2, c = 55.7 AÊ , �= 109�.
A self-rotation function was calculated using

the program GLRF (Tong & Rossmann,

1997), using a resolution range of 20±8 AÊ

and a Patterson cutoff radius of 55 AÊ . Apart

from the crystallographic (monoclinic)

twofold axis (20�, � = 180�; black vertical

arrow in Fig. 3b), the highest peak (7�) in

the self-rotation function is located on the

� = 120� section, indicating a non-crystal-

lographic threefold axis in the ac plane

offset from the a axis by about 22� (blue

arrow in Fig. 3a). Interestingly, the non-

crystallographic threefold axis is aligned

with a weak twofold axis (2�; Fig. 3b), giving

rise to a similarly weak sixfold rotation axis

(3�, � = 60�; Fig. 3c). Roughly perpendicular

to the threefold and sixfold axes, a set of two

stronger twofold axes (5�; blue arrows in

Fig. 3b) are observed which complement the

monoclinic twofold and the pseudo-three-

fold to give a non-crystallographic P3x21

packing. In addition, weaker twofold axes

(2�; green arrows) intermediate to the

stronger twofold axes combine with the

weak sixfold axis to form a degenerate P6x22

packing. This pseudo-hexagonal packing

dominates the crystal morphology, though

for some reason most crystallographic

symmetry is lost, leaving only a monoclinic

crystallographic symmetry.

To corroborate the discussion above, data

reduction was repeated in P1 and the self-

rotation function recalculated in an identical

fashion (not shown). This con®rms the

presence of a single crystallographic twofold

axis and progressively weaker P3x21 and

P6x22 pseudo-packing.

Under the assumption of three protein

molecules per asymmetric unit, a reasonable

VM value of 2.77 AÊ 3 Daÿ1, corresponding to

a solvent content of 55.3%, was calculated

(Matthews, 1968).

A second complete data set (complete-

ness = 96.2%, Rmerge = 6.9%) was collected

under cryogenic conditions to 2.4 AÊ using

synchrotron radiation and a MAR CCD

detector (Beamline BW6, DESY Hamburg,

Germany) at 100 K. Structure determination

using the selenomethionine-substituted

protein and the MAD phasing method is

currently in progress.
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