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Abstract EVH1 (enabled VASP (vasodilator-stimulated pro-
tein) homology 1)/WH1 (WASP (Wiskott^Aldrich syndrome
protein) homology 1) domains, present in Ena VASP and
WASP, are protein interaction modules specialised in binding
proline-rich ligands. An EVH1/WH1 domain is here identified in
the recently cloned SMIF protein, a key protein in transforming
growth factor-LL (TGFLL) signalling which was not yet related to
defined domains. The SMIF EVH1/WH1 domain interacts with
the proline-rich Smad4 activation domain, leading to transloca-
tion of so-formed complex to the nucleus where SMIF possesses
strong intrinsic TGFLL-inducible transcriptional activity. This
finding highlights the pivotal role that the EVH1/WH1 family of
domains play in multiple eukaryotic signal transduction
pathways. - 2002 Federation of European Biochemical Soci-
eties. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

The transforming growth factor-L (TGFL) cytokine super-
family regulates the proliferation of many cell types and in-
cludes signalling molecules such as the TGFLs, bone morpho-
genetic proteins (BMPs), activins, inhibins and Mu«llerian-
inhibiting substance [1^3]. The activated receptors of this
superfamily phosphorylate their associated SMAD proteins
which propagate the signal through homo- and hetero-oligo-
meric interactions. The tumour suppressor Smad4 plays a
central role in the signalling mediated by the TGFL super-
family as it is the shared hetero-oligomerisation partner of
the other SMAD proteins. When assembled with its partners,
Smad4 translocates to the nucleus where transcriptional com-
plexes are formed with speci¢c co-factors.
Recently, a new protein called SMIF was reported as form-

ing a TGFL/BMP4-inducible complex with Smad4, that trans-
locates to the nucleus and possesses transcriptional activity
[4]. Deletion analyses located the Smad4-interacting domain
of SMIF in the N-terminal 100 amino acids, whereas the
SMIF-interacting region of Smad4 was observed in the

Smad4 linker region C-terminus (amino acids 275^308), a re-
gion which is proline-rich and which is included in the Smad4
activation domain (SAD; amino acids 275^322). As noticed
by the authors, sequence analysis using the SMIF sequence as
query failed to identify signi¢cant similarities with other pro-
teins or de¢ned domains and thus let this protein orphan from
family.
Here, I show that the N-terminal region of SMIF (amino

acids 1^131), including the Smad4-interacting domain, be-
longs to the EVH1 (enabled VASP (vasodilator-stimulated
protein) homology 1)/WH1 (WASP (Wiskott^Aldrich Syn-
drome protein) homology 1) family of domains [5,6], a now
well-described family within the growing number of modules
that bind proline-rich ligands [7,8]. EVH1/WH1 domains are
present in various proteins involved in the maintenance of
cytoskeletal integrity such as Ena, VASP and WASP, mutated
in a X-linked recessive disorder. The EVH1/WH1 family also
includes, among others, the neuronal Homer protein that
binds to glutamate and inositol triphosphate receptors, the
Spred protein, a suppressor of Ras signalling [9] and the Dro-
sophila still life protein type 1 (SIF1) protein, that interacts
with Rho-like GTPases and participates in the organisation of
actin cytoskeleton [10]. EVH1/WH1 domains of the mamma-
lian Ena (Mena) and Ena/VASP-like proteins, whose struc-
tures have been solved in complex with peptides, speci¢cally
recognise proline-rich ligands that adopt a polyproline II con-
formation (PPII, left-handed helix with three residues per
turn) [11,12]. Similarly to SH3 domains, the peptide-binding
sites contain critical aromatic amino acids (Y16, W23, F77 in
the Mena sequence) that interact with prolines through a
V-shaped concave groove (Fig. 1). EVH1/WH1 can however
adapt a variety of proline-rich ligands, as exempli¢ed by those
speci¢c of the Homer/Vesl family, adopting only partly a PPII
conformation [13]. Although the binding speci¢cities of the
WH1 domain of WASP and N (neural)-WASP are not de¢ned
at the peptide level, this one binds a C-terminal, proline-rich
region of WASP-interacting protein (WIP) and several muta-
tions within the WASP WH1 domain that cause Wiskott^
Aldrich syndrome impair this interaction [14^16].
The here-reported identi¢cation of an EVH1/WH1 domain

in the SMIF N-terminal sequence is consistent with its ob-
served ability to interact with a proline-rich region, and pro-
vides thus new insights in the characterisation of this interac-
tion at the molecular level.

2. Materials and methods

The non-redundant database (NR) at NCBI was searched using
PSI-BLAST [17]. The SMART domain database [18] was used to
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re¢ne PSI-BLAST alignments (EVH1/WH1 domains: SMART acces-
sion number SM0461 (http://smart.embl-heidelberg.de)). The two-di-
mensional hydrophobic cluster analysis (HCA) [19,20] was also used,
as it o¡ers the possibility to add information about secondary struc-
tures to the lexical analysis of the considered sequences. Conservation
of hydrophobic cluster features which participate in the protein core,
together with sequence similarities, is associated with the maintenance
of a similar structure and often allows the alignment procedure for
highly divergent sequences (typically in the 10^20% sequence identity
range, below the so-called twilight zone (25^30%)).
Visualisation of three-dimensional structures was performed using

Swiss-PdbViewer [21].

3. Results and discussion

As stated by Bai et al. [4], no signi¢cant similarities could
be detected to known mammalian proteins or de¢ned domains
using the SMIF sequence as query.
The belonging of the N-terminal domain of SMIF to the

EVH1/WH1 family was signi¢cantly highlighted in a round-
about way, using the WH1 domain of human WASP as query
(amino acids 1^170) in a PSI-BLAST [17] search (BLAST
2.2.2, non-redundant database at NCBI (887 672 sequences)).
In this way, we signi¢cantly detected at convergence by iter-
ation 15 all the known members of the EVH1/WH1 family,
but also the N-terminal region of SMIF (amino acids 1^147),
exactly matching the Smad4-interacting domain.
A multiple alignment against the EVH1/WH1 family was

constructed on the basis of the PSI-BLAST results and re¢ned
using the EVH1/WH1 multiple alignment of the SMART da-
tabase [18] and HCA [20] (Fig. 2). This alignment shows that
despite low levels of sequence identity (below 20%), hydro-
phobic amino acids that participate in the maintenance of
the fold (PH-fold superfamily) are conserved in the SMIF
sequence (balls on Fig. 2), as well as amino acids which are
involved in ligand binding (stars and arrows on Fig. 2). In
particular, aromatic amino acids which are highly conserved
in the EVH1/WH1 family and interacting with ligand are
strictly conserved in the SMIF sequence (Fig. 2; Y36, W45
and F110 in the SMIF sequence, aligned with Y16, W23 and
F77 of Mena, three amino acids which are also depicted on
Fig. 1). A strict conservation of these critical positions of the
alignment is also found in the putative Drosophila homologue
of human SMIF (CG11183, GenBank identi¢cation (gi) num-
ber: 18485748).
It is worth noting that despite the conservation of residues

that are critical to the fold and to the function, the EVH1/
WH1 domain of SMIF was not detected when searching the
domain databases (SMART [18] and Pfam [22] databases).
This lack of detection can be due to sequence divergence

Fig. 1. Ribbon representation of the three-dimensional structure of
the Mena EVH1 domain, in complex with the ActA FPPPP peptide
(pdb 1evh). The three aromatic acids which are involved in ligand
binding and are highly conserved in the EVH1/WH1 family are
shown and labelled. Strands are labelled according to Fig. 2.

Fig. 2. Alignment of the SMIF N-terminal domain with several representative members of the EVH1/WH1 family. This alignment was deduced
from the PSI-BLAST analysis and re¢ned on the basis of the SMART alignments [18] and HCA [20]. Identical amino acids between SMIF
and other EVH1/WH1 domains are on a black background, similar ones are shaded grey. Hydrophobic core residues are indicated (as de¢ned
for Mena (PDB 1evh)), as well as those positions that are involved in ligand binding. Positions of the regular secondary structures (seven
L-strands and a small extra strand Li, one K-helix), as experimentally determined for Mena (PDB 1evh) and Homer (PDB 1ddv) are indicated
below the sequences, according to Fig. 1. The highest similarities of the SMIF sequence with EVH1/WH1 domains are observed with LA17,
the yeast homologue of WASP. Like many domains of this family, the EVH1/WH1 domain of SMIF is located N-terminal. GenBank identi¢-
cation (gi) numbers: Hs (Homo sapiens) SMIF, 8923767; Sc (Saccharomyces cerevisiae) LA17, 2498506; Hs WASP, 1722836; Mm (Mus muscu-
lus) Mena, 5107580; Dm (Drosophila melanogaster) SIF1, 6094287; Rn (Rattus norvegicus) Homer, 8569598.
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around strands L4^L6 and to the associated di⁄culties that
lexical procedures have to align correctly these regions.
Regarding the here-reported observations, the SMIF N-ter-

minal domain can be thus predicted as a new class of func-
tional EVH1/WH1 domain, consistently with its observed
ability to interact with a proline-rich region of Smad4. A
good candidate for the interacting peptide in Smad4 is the
HPPMPP sequence (amino acids 291^296), whose structure
(PDB 1dd1) can be well superimposed on the Mena EVH1
ligand sequence (PDB 1evh) (data not shown). Y301 and
W302, both amino acids whose mutations have been shown
to impair the interaction with SMIF [4], £ank this Smad4
peptide. These could thus play a crucial role in the speci¢city
towards the SMIF EVH1/WH1 domain, similarly to that
played by residues £anking proline-rich sequences in well-de-
scribed EVH1/WH1 domains.
In conclusion, the classi¢cation of SMIF as a new member

of the EVH1/WH1 family brings new insights in the charac-
terisation of the SMIF^Smad4 interaction at the molecular
level but also highlights the critical role that the EVH1/
WH1 plays in multiple signalling pathways.
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