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Abstract: We have identified a;140 amino acid domain that is
shared by a variety of proteins in budding and fission yeast, nem-
atode, rat, mouse, frog, oat, and man. Typically, this domain is
located within 20 residues of the N-terminus of the various pro-
teins. The percent identity among the domains in the 12 proteins
ranges from 42 to 93%, with 16 absolutely conserved residues:
N-x11–13-V-x2-A-T-x34–36-R-x7–8-W-R-x3-K -x12-G-x-E-x15-L -
x11–12-D-x-G-R-x11-D-x7-R. Even though these proteins share little
beyond their segment of homology, data are emerging that several
of the proteins are involved in endocytosis and or regulation of
cytoskeletal organization. We have named this protein segment the
ENTH domain, for Epsin N-terminal Homology domain, and hy-
pothesize that it is a candidate for binding specific ligands and0or
enzymatic activity in the cell.

Keywords: Af10; clathrin; cytoskeleton; Dap160; DPF; DPW;
EH domains; endocytosis; Eps15; Epsin; homology; intersectin;
MP90; NPF; Pan1; protein–protein interaction

The ENTH domain is a highly conserved amino terminal domain
of ;140 amino acids that is found in a variety of proteins from
numerous species. ENTH domain-containing proteins were first
identified in several laboratories because their divergent carboxy-
termini interact with Eps15 Homology~EH! domains~Chen et al.,
1998; Yamabhai et al., 1998; Wendland & Emr, 1998!. The EH
domain has recently been described as a protein interaction module
contained in proteins involved in endocytosis~Di Fiore et al.,
1997! and regulation of the actin cytoskeleton~Wendland et al.,
1998!. To understand its function in yeast, EH domain-binding
proteins have been isolated by two-hybrid screening with the EH
domains from the yeast protein, Pan1p, an essential protein for
normal organization of the actin cytoskeleton~Tang & Cai, 1996!
and endocytosis~Wendland et al., 1996!. The screen yielded the

yeast homolog of AP180, a clathrin-assembly protein, and three
uncharacterized open reading frames~ORFs! as candidate inter-
acting proteins~Wendland & Emr, 1998!. Not only did the yeast
AP180 and ORF YDL161w proteins carry multiple copies of the
putative EH ligand motif, asparagine-proline-phenylalanine~NPF!,
in their C-terminal regions~Salcini et al., 1997!, but their N-termini
were similar. A computer search of the yeast genome revealed two
other proteins, ORFs YLR206w and YJR125c, with N-terminal
sequences, which strongly resembled those carried by the YDL161w
protein.

Simultaneous to the work in yeast, two other proteins bearing
similar N-terminal sequences have been discovered in mammals.
These proteins were isolated from rat and mouse through affinity
purification ~Chen et al., 1998! and cDNA expression screening
with different EH domains~Yamabhai et al., 1998!, respectively.
The rat protein, termed Epsin, binds to the EH domains of Eps15,
a substrate for the epidermal growth factor tyrosine kinase with
three EH domains. Eps15 is involved in clathrin-mediated endo-
cytosis ~Fazioli et al., 1993; Tebar et al., 1996; Carbone et al.,
1997; Benmerah et al., 1998!, and has been observed localized in
nerve terminals where clathrin-mediated endocytosis of synaptic
vesicles occurs~Chen et al., 1998!. The mouse protein, Intersectin
binding protein 2~Ibp2!, binds to Intersectin, a novel protein that
was identified inXenopus laevisthat contains two EH domains
and five Src Homology ~SH! domains in its N- and C-termini,
respectively~Yamabhai et al., 1998!. cDNAs encoding a human
homolog of Intersectin~Guipponi et al., 1998! and a related protein
in Drosophila melanogaster~Roos & Kelly, 1998!, termed Dyna-
min associated protein of 160,000 molecular mass~Dap160!, have
been cloned recently.

Careful comparison of the primary structures of the proteins that
interact with the EH domains of Pan1p, Eps15, and Intersectin,
revealed that they share a;140 amino acid conserved segment.
This segment, first noted in a plant~Oat! protein~Jones & Hooley,
1997!, occurs in 12 proteins currently in GenBank, in such diverse
genomes asSaccharomyces cerevisiae, Schizosaccharomyces pombe,
Caenorhabditis elegans, Rattus norvegicus, Mus musculus, Xeno-
pus laevis, Avena fatua, andHomo sapiens. The alignment of this
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novel domain is shown in Figure 1. The primary structural identity
among the sequences ranges between 42 and 93%, with 16 abso-
lutely conserved residues,N-x11–13-V-x2-A-T-x34–36-R-x7–8-W-R-
x3-K -x12-G-x-E-x15-L -x11–12-D-x-G-R-x11-D-x7-R. Interestingly,
this conserved segment is present at or near the N-terminus of most
proteins, even though their C-terminal sequences vary. Computer
algorithms suggest that the domain is mostlya-helical in second-
ary structure and lacks any transmembrane spanning regions. We

have named this conserved protein segment the “ENTH” domain,
for Epsin N-Terminal Homology domain, after Epsin, 1 of the 12
proteins.

In GenBank searches, the only characterized protein with a re-
gion that weakly matches~22% similarity! the ENTH domain is
the clathrin assembly protein, AP180~also known as AP-3, NP185,
pp155, F1-20!. Interestingly, 9 of the 16 residues absolutely con-
served in the ENTH domain are also conserved between the mouse,

Fig. 1. Alignment of the primary structures of the ENTH domains in 11 proteins. The domains were aligned with ClustalW~http:00
www2.ebi.ac.uk0clustalw0! and the figure was generated with SeqVu~v1.1!. The amino acid positions are numbered on the left. Gaps
have been introduced in some of the sequence to maximize their alignment. Identical residues shared by$50% of the 12 entries have
been highlighted; residues shared by all the entries are highlighted in black. The absolutely conserved residues, along with the number
of intervening amino acids, are shown in the consensus. All sequences are full-length, except for Ibp2 which is missing its N-terminus.
Sc, Sp, Ce, Rn, Mm, Xl, Af, and Hs abbreviations correspond toSaccharomyces cerevisiae, Schizosaccharomyces pombe, Caeno-
rhabditis elegans, Rattus norvegicus, Mus musculus, Xenopus laevis, Avena fatua, and Homo sapiens, respectively. The GenBank
accession numbers are listed on the left column, except for Epsin, Ibp2, MP90, and Af10 which are 3249559, 3063649, 2072301, and
1724114, respectively. Further descriptions regarding some of the proteins, YLD161w~Wendland et al., 1998!, MP90 ~Stukenberg
et al., 1997!, Epsin~Chen et al., 1998!, Ibp2 ~Yamabhai et al., 1998!, and Af10~Jones & Hooley, 1997!, can be found elsewhere.
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human, and yeast AP180 proteins~Wendland & Emr, 1998!; more
specifically, these are N-x11–13-V-x2-A-T-x34–36-R-x7–8-W-R-x3-K-
x12-G-x-E-x15-L-x11–12-D-x-G-R-x11-D-x7-R ~matching residues are
underlined!. This region of similarity is contained within a larger
segment~N-terminal 33 kDa! of AP180 previously shown to bind
polyphosphoinositides and inhibit clathrin assembly~Ye & Lafer,
1995; Hao et al., 1997!. This segment includes a motif implicated
in the binding of phosphatidylinositol 3,4,5 trisphosphate by
centaurin-a ~Hammonds-Odie et al., 1996!. While this motif falls
within the region of AP180 similar to the ENTH domain, the
consensus residues for lipid binding are not conserved in the ENTH
domain.

Figure 2 diagrams the relative locations of the ENTH domain
and other short motifs within the 12 proteins. Based on the bio-
chemical and genetic characterization of only a few of the proteins,
we postulate that these proteins are likely to function in endocyto-
sis and0or regulation of the actin cytoskeleton. Ten of the 12 pro-
teins contain sequences related to the clathrin-binding motifs
described in arrestin~Krupnick et al., 1997!, adaptor protein
AP-3 ~Dell’Angelica et al., 1998!, and amphiphysin II~Ramjaun
& McPherson, 1998!. The proteins share either the motif
L ~L,I,V !~D,E,G,N!~L,F!~D,E,Q! or the related sequence, LIDL-
COO2. Interestingly, the rat Epsin protein, which carries the motif
LVDLD, has recently been reported to bind clathrin~Chen et al.,

1998!. Many of the 12 proteins also carry the motif asparagine-
proline-phenylalanine~NPF! in their C-terminal regions. This mo-
tif appears to be the ligand for the EH domains of Eps15~Salcini
et al., 1997!, Pan1p~Wendland & Emr, 1998!, and Intersectin
~Yamabhai et al., 1998!. Finally, many of the proteins also carry
multiple copies of the tripeptide sequences DPF or DPW, even
within the ENTH domain itself~i.e., C34E11.1, T04C10.2, MP90,
epsin, D79993!. At present, it is unclear what function~s! these
tripeptides serve.

In conclusion, we propose that the ENTH domain is an impor-
tant domain within proteins involved in endocytosis and the cyto-
skeleton. The amino acid conservation among the ENTH domains
in proteins of fungal, plant, and animal origin strongly suggests
that this domain is functionally important. Future experiments will
determine whether or not the ENTH domain has ligand binding or
enzymatic activity in the cell.
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