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Down-regulation of receptor tyrosine kinases (RTK) through
receptor internalization and degradation is critical for appropri-
ate biological responses. The hepatocyte growth factor RTK
(also known as Met) regulates epithelial remodeling, dispersal,
and invasion and is deregulated in human cancers. Impaired
down-regulation of the Met RTK leads to sustained signaling,
cell transformation, and tumorigenesis, hence understanding
mechanisms that regulate this process is crucial. Here we report
that, following Met activation, the endocytic adaptor protein,
Eps15, is recruited to the plasma membrane and becomes both
tyrosine-phosphorylated and ubiquitinated. Recruitment of
Epsl5 requires Met receptor kinase activity and involves two
distinct Eps15 domains. Unlike previous reports for the EGF
RTK, which requires the Epsl5 ubiquitin interacting motif,
recruitment of Eps15 to Met involves the coiled-coil domain of
Epsl5 and the signaling adaptor molecule, Grb2, which binds
through a proline-rich motif in the third domain of Epsl5.
Expression of the coiled-coil domain is sufficient to displace the
wild-type Epsl5 protein complex from Met, resulting in loss of
tyrosine phosphorylation of Eps15. Knockdown of Eps15 results
in delayed Met degradation, which can be rescued by expression
of Eps15 WT but not an Eps15 mutant lacking the coiled-coil
domain, identifying a role for this domain in Eps15-mediated
Met down-modulation. This study demonstrates a new mecha-
nism of recruitment for Eps15 downstream of the Met receptor,
involving the coiled-coil domain of Eps15 as well as interaction
of Eps15 with Grb2. This highlights distinct regulation of Eps15
recruitment and the diversity and adaptability of endocytic mol-
ecules in promoting RTK trafficking.

Growth factor receptor tyrosine kinases (RTKs)> regulate
multiple key cellular processes, including proliferation, differ-
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entiation, migration, and survival. RTK activation must be
tightly controlled through multiple levels of regulation to main-
tain cellular homeostasis. Failure to due so is associated with
the development and progression of human disease such as
cancer (1-3). Ligand-induced activation of RTKs promotes
their rapid removal from the plasma membrane, a key event in
their down-regulation, because it is a prerequisite to their lyso-
somal degradation. The process of RTK internalization modu-
lates levels of RTK at the cell surface and the duration of signals
activated in response to growth factors. Ligand-activated RTKs
are mainly internalized through clathrin-dependent pathways
to be eventually delivered to sorting endosomes (4), although
other mechanisms of receptor internalization exist (5). From
the sorting endosome, RTKs can recycle back to the plasma
membrane or become internalized and accumulate on the lim-
iting and internal membranes of multivesicular bodies. This
latter event terminates RTK signaling by sequestering the sig-
naling-competent intracellular domain of RTKs and preventing
recycling back to the plasma membrane. Multivesicular bodies
subsequently fuse with lysosomes, leading to the degradation of
proteins located within intralumenal membranes (6, 7). These
internalization and trafficking events are controlled via a com-
plex network of protein-protein and protein-lipid interactions
that are evolutionary conserved. Ligand-dependent internal-
ization and trafficking of RTKs is regulated in part through
ubiquitination and tyrosine phosphorylation of the receptor
(8). In addition, endocytic proteins themselves are modified
by RTK-dependent ubiquitin and tyrosine phosphorylation,
which serve as signal switches to promote or disassemble pro-
tein-protein interactions (8, 9). Many of these interactions have
been studied extensively for the epidermal growth factor (EGF)
RTK (10), yet the mechanisms regulating internalization and
trafficking of other RTKs remain poorly understood.

The hepatocyte growth factor (HGF) RTK (also known as
Met) is primarily expressed in epithelial and endothelial cells in
the adult. The HGF/Met signaling axis regulates key cellular
processes such as scattering of epithelia sheets, as well as epi-
thelial cell proliferation, migration, invasion, and survival (11).
HGEF/Met signaling is essential for embryonic development,
namely the growth and survival of epithelial cells as well as the
migration of myogenic precursor cells and the outgrowth of
motor neurons (12). Chronic activation of the Met receptor is

strate 15; EGFR, EGF receptor; UIM, ubiquitin interacting motif; GST, gluta-
thione S-transferase; PBS, phosphate-buffered saline; siRNA, small interfer-
ence RNA; CC, coiled-coil; WT, wild type; HA, hemagglutinin.
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associated with several human and murine tumors (12, 13) and
in the adult, the HGF/Met signaling axis is involved in wound
healing and liver regeneration (14, 15).

Activation of the Met receptor by binding to HGF pro-
motes tyrosine phosphorylation of the intracellular domain
and recruitment of signaling complexes, including the Cbl E3
ubiquitin ligase (11). Cbl promotes ubiquitination of the Met
receptor, an event that is critical for ligand-dependent Met deg-
radation (16-19). Importantly, although deregulation of the
Met receptor in human cancers can occur through receptor
amplification, point mutations, and chromosomal transloca-
tions leading to ligand-independent RTK activation, we and
others have recently shown that escape from down-regulation
constitutes another mechanism leading to Met RTK deregula-
tion in human cancers (20 -22).

Internalization of the Met RTK following HGF stimulation
uses canonical pathways and is clathrin-dependent (23, 24),
however, little is known of the protein complexes that regulate
these events. Multiple proteins have been shown to regulate
EGER internalization. One of these, epidermal growth factor
receptor pathway substrate 15 (Eps15), was first identified as a
tyrosine-phosphorylated substrate of the EGFR kinase (25).
Eps15 has been characterized as a general endocytic adaptor
protein, because it is constitutively associated with the adaptor
protein complex AP-2, and forms complexes with other endo-
cytic proteins, including Epsin and Hrs (26 —29). Studies with
the EGFR have shown that Epsl5 translocates to the rim of
budding clathrin-coated pits upon EGF stimulation and colo-
calizes with the receptor (30, 31). Eps15 acts as a molecular
scaffold by promoting interactions through its many domains.
The N terminus contains three Eps15 homology (EH) domains
that are required for plasma membrane targeting of Epsl5
through engagement with proteins containing the tripeptide
motif asparagine-proline-phenylalanine and direct binding to
phospholipids (32, 33). Eps15 also contains a central coiled-coil
domain, which mediates homo- and heterodimerization (34)
and a stretch of aspartate-proline-phenylalanine repeats, which
can bind the a-subunit of AP-2. The C terminus harbors two
ubiquitin interacting motifs (UIM) of which the second has
been shown to participate in ubiquitin binding (35) and is
required for recruitment to a ubiquitinated EGFR (36). Muta-
tions within the Eps15 UIM domain that abrogate ubiquitin
binding disrupt the localization of Eps15 to the plasma mem-
brane upon EGF stimulation (37). In addition, deletion of the
UIM or use of a poorly ubiquitinated EGFR mutant (Y1045F)
also abrogates co-immunoprecipitation of the two proteins
(36). Hence, Epsl5 acts to recognize ubiquitinated EGFR
cargo, which is thought to contribute to selection of the
EGFR for internalization (36 —38).

Although Eps15 has been shown to play a role in the inter-
nalization of the EGFR, the extent to which it functions down-
stream of other RTKs is currently unknown. Where investi-
gated, tyrosine phosphorylation of Eps15 has not been observed
downstream of other stimuli such as insulin, platelet-derived
growth factor or keratinocyte growth factor (30, 39). Given the
biological importance of the more than 50 RTKs encoded in the
human genome, elucidation and validation of the molecular
mechanisms governing the down-regulation of different RTKs

asEve

MARCH 27, 2009+VOLUME 284 -NUMBER 13

Eps15 Recruitment to the Met Receptor

will be important to determine which commonalities and dif-
ferences exist between these family members. Because deregu-
lation of trafficking of the Met RTK contributes to its oncogenic
potential, we have investigated the role of Eps15 downstream of
the Met receptor. Here, we report that HGF-induced activation
of the Met receptor results in recruitment of Epsl5 to the
plasma membrane and causes its rapid tyrosine phosphoryla-
tion and ubiquitination. In contrast to previous studies with the
EGFR, we have mapped the coiled-coiled domain of Eps15 as
being sufficient and essential for the interaction of Eps15 with
the Met receptor and propose a new mechanism for recruit-
ment and regulation of RTKs by Eps15.

EXPERIMENTAL PROCEDURES

Antibodies and Reagents—Antibody 145 was raised in rabbit
against a C-terminal peptide of human Met (40). Phosphoty-
rosine (4G10) and Met DL-21 antibodies were purchased from
Upstate Biotechnology (Lake Placid, NY). Anti-Eps15 (C-20),
anti-ubiquitin (P4D1) and anti-GST were obtained from Santa
Cruz Biotechnology (Santa Cruz, CA). Met antibody AF276
were from R&D Systems (Minneapolis, MN), FLAG and actin
antibodies were from Sigma-Aldrich, anti-GFP, Alexa-Fluor
488-, 555-, and 647-conjugated secondary antibodies were
obtained from Molecular Probes (Eugene, OR), and phospho-
specific Met tyrosine 1234/35 and EGFR were from Cell Signal-
ing Technology (Mississauga, Ontario, Canada). Monoclonal
EEA1 antibody and AP-2 (u2) were obtained from BD Bio-
sciences (Mississauga, Ontario, Canada), HA.11 and Myc 9E10
monoclonal antibodies were from Covance (Berkeley CA) and
BabCO (Richmond, CA), respectively. Mannose 6-phosphate
receptor, cation-dependent antibody (22d4) was obtained from
the developmental studies hybridoma bank (Iowa City, IA).
HGF was a kind gift from Genentech (San Francisco, CA). EGF
was purchased from Roche Diagnostics (Laval, Quebec, Can-
ada). Cycloheximide purchased from Sigma was reconstituted
in water to 10 mg/ml (100X).

Cell Culture and Transient Transfections—T47D breast epi-
thelial cells, HeLa cells, and HEK293 cells were cultured in Dul-
becco’s modified Eagle’s medium containing 10% fetal bovine
serum. T47D stable cell lines expressing wild-type Met was
established and described previously (21). K1110A Met stable
cells were made through electroporation with pLXSN-Met
K1110A ¢DNA in a similar manor. Transient transfections in
HEK293 and HeLa cells were performed using Lipofectamine
Plus reagent according to the manufacturer’s instructions
(Invitrogen).

Immunoprecipitation and Western Blotting—Following
stimulation with HGF (0.60 nM unless otherwise indicated),
T47D cells, HeLa cells, and HEK293 cells were harvested in
TGH lysis buffer (50 mm HEPES, pH 7.5, 150 mm NacCl, 1.5 mm
MgCl,, 1 mm EGTA, 1% Triton X-100, 10% glycerol, 1 mm
phenylmethylsulfonyl fluoride, 1 mMm sodium vanadate, 10
pg/ml aprotinin, and 10 ug/ml leupeptin). HEK293 transfec-
tions were harvested 48 h post-transfection. Lysates were incu-
bated with antibody for 1 h at 4 °C with gentle rotation followed
by 1-h incubation with protein A- or G-Sepharose beads. For
FLAG-immunoprecipitations, lysates were directly incubated
with Anti-FLAG M2 beads (Sigma) and incubated for 4 h. Cap-
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tured proteins were collected by washing three times in their
respective lysis buffers, eluted by boiling in SDS sample buffer,
resolved by SDS-PAGE, and transferred to a nitrocellulose
membrane. Membranes were blocked in 3% bovine serum albu-
minin TBST (10 mM Tris, pH 8.0, 150 mMm NaCl, 2.5 mMm EDTA,
0.1% Tween 20) for 1 h and incubated with primary then sec-
ondary antibodies in TBST for 1 h. After three washes with
TBST, bound proteins were visualized with an ECL detection
kit (Amersham Biosciences). To detect Eps15 ubiquitination,
cells from a 10-cm dish were lysed in radioimmunoprecipita-
tion assay buffer (0.05% SDS, 50 mm Tris, pH 8.0, 150 nm NaCl,
1% Nonidet P-40, 0.05% sodium deoxycholate) and processed
as above. Densitometric analysis of Western blots was per-
formed using NIH Image] software.

Confocal Immunofluorescence Microscopy—Cells were
seeded at 1 X 10* to 5 X 10* on glass coverslips (Bellco Glass
Inc., Vineland, NJ) in 24-well plates (Nalgene Nunc, Rochester,
NY) and transfected 24 h later or left untransfected. 24 h post-
transfection cells were serum-starved for 2 h prior to HGF
treatment in the presence of cycloheximide. Coverslips were
washed once with PBS and then fixed with 3% paraformalde-
hyde (Fisher Scientific) in PBS for 20 min followed by washing
four times in PBS. Residual paraformaldehyde was removed
with three 5-min washes with 100 mm glycine in PBS. Cells
were permeabilized with 0.3% Triton X-100/PBS and
blocked for 30 min with blocking buffer (5% bovine serum
albumin, 0.2% Triton X-100, 0.05% Tween 20, PBS). Cover-
slips were incubated with primary and secondary antibodies
diluted in blocking buffer for 1 h and 40 min, respectively, at
room temperature, and nuclei were counterstained with
4',6-diamidino-2-phenylindole. Coverslips were mounted
with immu-mount (Thermo-Shandon, Pittsburgh, PA).
Confocal images were taken using a Zeiss 510 Meta laser
scanning confocal microscope (Carl Zeiss, Canada Ltd.,
Toronto, Ontario, Canada) with 100X objective and 1.5X
zoom. Image analysis was carried out using the LSM 5 image
browser (Empix Imaging, Mississauga, Ontario, Canada).

Generation of Eps15 Constructs—GFP-Eps15, FLAG-Epsl5
WT, delta-1, -1I, -III, and -IV, and Y850F constructs were kind
gifts from Dr. Edward A. Fon (Montreal, CA) and have been
described previously (41). FLAG Eps15-1II, -1II, and -II/III con-
structs were made by subcloning fragments amplified by PCR
using primers designed with BamHI and Xbal restriction digest
sites using the FLAG-Eps15-WT pcDNA3.1zeo as a template.
The FLAG-Eps15 P770A point mutation was created using the
QuikChange site-directed mutagenesis kit (Stratagene), using
FLAG-Eps15-WT pcDNA3.1zeo as a template. Primers were
designed to include a BstUI restriction enzyme site (under-
lined). Forward primer, 5'-GTGAAGATGTGCCCGCGGC-
ACTGCCGCCC-3'; reverse primer, 5'-GGGCGGCAGTGC-
CGCGGGCACATCTTCAC-3'. GFP-CC construct was made
by subcloning a PCR fragment amplified using primers
designed with HindIII/BamHI restriction digest site using
the FLAG-Eps15-WT cDNA as a template into pEGFP-C2
(Clontech). GFP-Eps15ACC was made by subcloning a PCR
fragment using primers designed with Sall/BamHI restric-
tion digest sites using FLAG-Eps15AIl cDNA as a template
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into pEGFP-C2 (Clontech). All DNA sequences were verified
by sequencing.

GST Pulldown Assays—Fusion proteins were produced in
DHS5, or BL 21 gold Escherichia coli strain, by induction with
isopropyl-1-thio-B-p-galactopyranoside. GST and GST-Grb2
constructs have been described previously (42, 43). For pull-
down assays, lysates were pre-cleared with glutathione-Sepha-
rose beads for 1 h, whereas 5-10 ug of GST fusion proteins
were immobilized to glutathione-Sepharose beads at room
temperature for 30 min. Beads were washed three times with
lysis buffer containing inhibitors, then pre-cleared lysates were
added to the beads. Samples were gently rocked at 4 °C for 1 h,
washed three times in TGH with inhibitors, eluted by boiling in
SDS sample buffer, and analyzed by Western blotting with the
appropriate antibodies.

siRNA—HeLa cells were seeded at 3 X 10° cells/well in a
6-well dish and 24 h later transfected with 10 nm scramble con-
trol siRNA or Eps15 siRNA (target sequence: ATG CTG TAG
GTT GAA CCA TTA) with HiPerFect as per the manufactur-
er’s instructions (Qiagen). Cells were replated 24 h later at 3 X
10° cells/60-mm dish and re-transfected with siRNA (10 nm) or
transfected with siRNA-resistant Eps15 cDNA. The following
day cells were stimulated with HGF in the presence of cyclo-
heximide and lysed.

RESULTS

Eps15 Is Recruited to the Met Receptor upon HGF Treatment—
To examine the role of Eps15 downstream from the Met RTK,
we first determined if Epsl5 is recruited to the Met receptor
following stimulation with HGF. HeLa cells were stimulated
with physiological concentrations of HGF (0.60 nm) for 1 h at
4. °C, fixed, and immunostained for endogenous Eps15 and Met
proteins and visualized using confocal microscopy. Under these
conditions RTKs do not internalize but bind ligand and accu-
mulate into clathrin-coated pits at 4 °C. Receptors are then syn-
chronously internalized upon temperature release from 4 °C to
37 °C (44— 46). This experimental procedure is depicted in Fig.
1A and shall subsequently referred to as a cold load stimulation.
Prior to ligand stimulation, Eps15 was localized in punctate
structures resembling endosomes as well as being concen-
trated at the trans-Golgi network, as assessed by co-staining
with mannose-6-phosphate receptor (supplemental Fig.
S1A), whereas the Met RTK was predominantly localized at
the plasma membrane (Fig. 1B, panel a). Following tempera-
ture switch to 37 °C post HGF treatment, Met is rapidly inter-
nalized and enters the endocytic pathway (21). Eps15 co-local-
izes with Met following 1 h at 4 °C (Fig. 1B, panels d—f) and as
Met internalizes for up to 60 min post temperature switch (Fig.
1B, panels g- o). These structures were confirmed to be endo-
somes through co-staining for the endosomal marker, EEA-1
(supplemental Fig. S1B).

To further validate the association between Epsl5 and the
Met receptor, endogenous Epsl5 was immunoprecipitated
from HeLa cells and immunoblotted for the Met receptor (Fig.
1C). Interestingly, a biphasic, HGF-dependent association was
observed (lanes 2 and 4), similar to what has been reported for
the EGFR (36). Co-immunoprecipitation was also detected in
HEK?293 cells transiently transfected with constructs express-

VOLUME 284 -NUMBER 13+MARCH 27, 2009


http://www.jbc.org/cgi/content/full/M807607200/DC1
http://www.jbc.org/cgi/content/full/M807607200/DC1

Eps15 Recruitment to the Met Receptor

A| 18h 2h 1h | 1h | CHGF(60min): S+ o+ o+ o+
T 37°C A 37°Cc A 4°cA37°C 37°C shift (min): 0 5 15 30 60
shift . ] .
plate cells serum wash HGF — - WB:Met
starve IP:Eps15
—— :
+HGF A0 B - R 8 w8 | \\/B:Eps15
_— e WB: phosphoMet
B Met Eps15 Merge WCL
P-.---H-l--+VVBECﬁn

1.2 3 4 5 6

Eps15

D Met

Merge

: . .
(O]
I
+
0.12nM HGF
< e
n TR s
(@] R
; -
o

FIGURE 1. Eps15 is recruited to the Met receptor upon Met activation. A, schematic diagram depicting the experimental protocol for a cold load
stimulation, used to assess synchronized internalization and trafficking of RTKs. B, confocal images of endogenous Eps15 and Met upon cold load
stimulation. HeLa cells were serum-starved in the presence of cycloheximide to reduce newly synthesized Met staining, then fixed and imaged (a-¢) or
treated with HGF (0.60 nm) for 1 h at 4 °C (d-f), followed by warming to 37 °C for the indicated times (g—o0). Met (red), Eps15 (green), and 4',6-diamidino-
2-phenylindole. Magnification, 100X; zoom, 1.5X; bar = 10 um. C, HelLa cells were subjected to a cold load stimulation, and endogenous Eps15 was
immunoprecipitated (1 mg) and blotted for Met and total Eps15 levels. Whole cell lysates (WCL) were blotted (WB) for phospho-Met (p1234/1235) and
actin levels. D, Hela cells were plated on coverslips. 24 h later, cells were serum-starved in the presence of cycloheximide for 2 h, followed by cold load
stimulating with 0.12 nm HGF followed by warming to 37 °C for 15 min. Cells were stained for Met (red), Eps15 (green), and 4',6-diamidino-2-phenylin-
dole. Bar = 10 um.

ing these proteins (supplemental Fig. S1C). Thus, taken
together, Eps15 can be recruited to a Met receptor complex
upon HGF stimulation.

Because ligand concentration has been shown to influence
which internalization machinery is utilized by the EGFR
(36), we also determined the role of Eps15 in Met trafficking
under low concentrations of HGF (0.12 nm) in comparison to
the moderate levels (0.60 nMm) described above (47). After a
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cold load stimulation and a 15-min release to 37 °C, Met
internalized into early endosomes in response to low HGF
concentrations, and no significant differences for the
recruitment and co-trafficking of Epsl5 and Met were
observed (Fig. 1D). This demonstrates that Epsl5 is
recruited to the Met receptor at multiple and/or various
stages of internalization and trafficking irrespective of ligand
concentration.

JOURNAL OF BIOLOGICAL CHEMISTRY 8385


http://www.jbc.org/cgi/content/full/M807607200/DC1

Eps15 Recruitment to the Met Receptor

A . . . .
3 B Vet Vet KIT10A this time pom.t (Fig. 1B). No tyrosine
g3 HGF (60min): = + + + + + + - + ++ + + + phosphorylation of Epsl5 was
~ o - iy . .
= T 37 Cshlf!(mll'l)-I 02 I5‘15 30 f.iO 0 2 515 3060 - Observed in response to HGF stim-
[ we: met IP: o lation in the K1110A i
B e o 15 Eps 5| 0 e e e ] 955 50 8 8 8 ] \B:Eps 15 ulation in the -expressing

WE: actin [t - et (R T47D cells, showing that phospho-
weL P Mot '" _ lx:::;yt’ rylation of Epsl5 is strictly depend-
- - - — - — : . o
wol e =—= I = Twe Ee . ent on the kinase activity of the Met
— — e ‘Eps g .
receptor. Additionally, no change in
D E T ; ) .
HGF Gominy - s s s s s | et Epsl5 binding to AP-2 p-subunit
37°C shift (min): 0 5 15 30 60 HGF (min): 0 5 15 30 60 was observed before and after
P: B [wepTyr P [ we: o - B we.pryr release of HGF treatment, indicat-
Eps15 ps “GFP- ’ . . . .
- | s WB: Epst5 Epst5|[ wepeemm|wecrrEpsis  iNG that this complex is still func-
[Frpp—— ‘;‘(‘iphoMet II'WB: phosphoMet — |weMet tional under these conditions. To
WCL " .
[ —— 50t e e — e ek e —|we:erpepsts  confirm these results using endoge-
123 4 56 nous proteins, Eps15 tyrosine phos-

E phorylation was examined in HeLa
FLAG-Eps15-WT - .
FLAG-EoetaYes0F - - . v G o cells under both cold load (Fig. 2C)
Met-WT B ut o :
Mot K1110A LT HGF (0miny & - + + + + + and HGF treatment at 37 C (Fig.

- WBipTyr 37°C shift (min): 0 0 2 15 30 60 — 2D). In both cases, tyrosine phos-
IP: FLAG-Eps15 W FLAG- 1501 i phorylation of Epsl5 was detected,
DRSNS s Cpl L 1 L LT T Necaly in agreement with our previous
- - N . . . .
- - |WBPTr T3 sea results, albeit with distinct but con-
IP:Met IP: Eps15 . . . .
WB:Met sistent kinetics depending on the

1.2 3 4 5 6

FIGURE 2. Eps15 is subject to post-translational modifications in response to HGF stimulation. A, Hela
and T47D stables expressing Met were blotted for protein levels. B, T47D cells stably expressing either Met WT
or Met K1110A (kinase-dead) were cold load stimulated with HGF for 1 h at 4 °C then released to 37 °C for the
time indicated. Endogenous Eps15 or Met was immunoprecipitated (/P) and blotted for 4G10 anti-phosphoty-
rosine (pTyr) and total protein levels. AP2, mu2 subunit was also blotted. C, Hela cells were cold load-stimu-
lated, immunoprecipitated for endogenous Eps15, and blotted for tyrosine phosphorylation. D, Hela cells
were stimulated with HGF at 37 °C for the indicated times, and lysed. Endogenous Eps15 was immunoprecipi-
tated and phosphotyrosine levels were assessed. £, HEK293 cells were co-transfected with GFP-Eps15 and
increasing amounts of Met WT cDNA expression vector. Eps15 was immunoprecipitated using anti-GFP anti-
bodies, and phosphotyrosine levels were examined. F, HEK293 cells were transfected with either FLAG-Eps15
WT or Y850F and co-transfected with Met WT or K1110A. Immunoprecipitations were performed using anti-
Met or anti-FLAG M2 beads and analyzed through Western blotting as indicated. G, HelLa cells transfected with
HA-Ubiquitin (HA-Ub) were cold load-stimulated with HGF and immunoprecipitated for Eps15 then blotted for

HA-Ubiquitin, and reprobed for Eps15. UT = untransfected.

Eps15 Becomes Tyrosine-phosphorylated at Site Tyr-850 and
Is Ubiquitinated in Response to Met Activation—Tyrosine
phosphorylation of Eps15 has been shown downstream of the
EGF receptor but not other growth factor receptors, such as
the platelet-derived growth factor (30), insulin (30), or keratino-
cyte growth factor receptors (39). We therefore established
whether HGF could induce tyrosine phosphorylation of Eps15.
To test for phosphorylation of Eps15, we utilized T47D breast
epithelial cells, which express undetectable levels of the Met
receptor, and where we have stably expressed either a wild-type
Met or kinase-dead (K1110A) Met receptor mutant (see
“Experimental Procedures”) (21). These T47D cells express lev-
els of Met similar to lower than HeLa cells, which contain mod-
erate levels of endogenous Met protein (Fig. 24) and have pre-
viously been used successfully to study the biology of the Met
receptor (21). Cells were stimulated under cold load conditions
with HGF, and the phosphorylation status of Epsl5 was
assessed for the indicated times (Fig. 2B). Phosphorylation of
Eps15 was induced by 2- to 5-min post temperature release but
was attenuated by 15 min (Fig. 2B). A second wave of Epsl5
phosphorylation occurred ~30-60 min after temperature
release, consistent with our observation that Eps15 and Met are
localized in the same vicinity in a perinuclear compartment at
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condition and cell line used. Addi-
tionally, increasing amounts of
WT Met receptor, when tran-
siently transfected in HEK293
cells, led to enhanced tyrosine
phosphorylation of Epsl5 (Fig.
2E), further demonstrating a role
for the Met RTK in Eps15 tyrosine
phosphorylation.

Tyrosine residue 850 of Eps15 has
been implicated in the internaliza-
tion of the EGF receptor and has
been shown to be phosphorylated downstream of the EGFR
(48). To assess whether residue Tyr-850 also plays a role in the
tyrosine phosphorylation in Eps15 downstream of Met, the
extent of tyrosine phosphorylation of a Y850F Eps15 mutant
was compared with the wild-type protein upon Met activation.
Although the wild-type Eps15 protein becomes tyrosine-phos-
phorylated when co-expressed with the activated but not
kinase-dead Met receptor (Fig. 2F, lanes 2 and 3), the Y850F
mutant was not detectably phosphorylated (Fig. 2F, lanes 5 and
6). These results demonstrate that tyrosine 850 is required for
tyrosine phosphorylation of Epsl5 downstream of the Met
receptor.

Recently, monoubiquitination of Eps15 has been reported to
play a regulatory role in the ability of Eps15 to bind to ubiquiti-
nated cargo (49). Monoubiquitination of Eps15 prevents UIM-
ubiquitin interactions with other proteins (49). To establish
whether Eps15 is ubiquitinated downstream of HGF and hence
determine the ability of Eps15 to recognize cargo, HeLa cells
were transiently transfected with HA-tagged ubiquitin and sub-
jected to a cold load stimulation (Fig. 2G). Ubiquitination of
endogenous Epsl5 was detected upon HGF stimulation (lane
3), but not in the absence of HGF (lanes 2) or in non-transfected
control cells (lane 1). Ubiquitination of Eps15 was detected
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with biphasic kinetics at 0—2 min
(lanes 3 and 4) and 30 min (lane 6)
post-temperature shift.

EpslS Associates with the Met
Receptor Primarily through Its
Coiled-coil Domain—To determine
the structural requirements
volved in the Epsl5-Met interac-
tion, a panel of Epsl5 deletion
mutants (41, 50) was tested for their
ability to co-immunoprecipitate
with the Met receptor (Fig. 3, A and
B). Epsl5 contains four distinct
domains, namely the N terminus
domain (domain I), which contains
three EH domains, a central coiled-
coil (CC) (domain II), a DPF repeats
domain (domain III), and domain
IV at the C terminus, which con-
tains two UIM domains (Fig. 3C).
Recruitment of Eps15 to the mem-
brane and its ability to be tyrosine-
phosphorylated upon HGF stimula-
tion occurs with similar kinetics to
that reported for EGF (Figs. 1B and
2C) (51). Because the Met RTK is
rapidly ubiquitinated in response to
HGF (17, 19), we hypothesized that
the Met-Epsl5 interaction would
also follow the proposed model for
the EGFR and be dependent on the
UIM domains of Eps15 (35, 38, 52,
53). Surprisingly, the AUIM Eps15
mutant protein (Eps15AIV) co-im-
munoprecipitated with the Met
receptor to the same extent as the
WT protein (Fig. 34, lane 6). The
UIM domain of Epsl5 has been
shown to bind to Lys-48 and Lys-63-
liked ubiquitin chains in vitro, with
preference for chains over monou-
biquitin (54). We verified that Met
was ubiquitinated under our exper-
imental conditions (supplemental
Fig. S2A). Additionally, removal of
the UIMs (Eps15AIV mutant) dis-
rupted ubiquitin binding as
expected (supplemental Fig. S2B).
Furthermore,  because  Epsl5
recruitment to the EGFR is depend-
ent on the integrity of the Epsl5
UIM, and the ubiquitination status
of the EGFR, we tested the capacity
of a poorly ubiquitinated Met recep-
tor (Y1003F) to co-immunoprecipi-
tate with Eps15. We observed no
decrease in co-immunoprecipita-
tion with a Met Y1003F mutant,

in-
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which is poorly ubiquitinated due to impaired Cbl recruitment
(17) (Fig. 3D). In contrast, the Eps15AIl (delta CC domain)
mutant failed to co-immunoprecipitate with a WT Met recep-
tor (Fig. 34, lane 4 and Fig. 3B, lane 3) while the Eps15AIIl
mutant was impaired in its association with Met (Fig. 34, lane 5,
Fig. 3B, lane 4). Consistent with this, expression of the Eps15
CC domain alone was sufficient to interact with the Met recep-
tor, whereas expression of domain III was consistently seen to
interact weakly with the receptor (Fig. 3B, lanes 5 and 6, respec-
tively). To test whether the coiled-coil domain also plays a role
in the interaction with the EGFR we tested our Eps15-truncated
mutants for co-immunoprecipitation with the EGFR. Interest-
ingly, following transient co-transfection the EGFR-Epsl5
interaction was disrupted when the coiled-coil domain was
removed, whereas, removal of the C-terminal UIMs did not
abrogate this association when proteins were overexpressed
(Fig. 3E). Hence, unlike previous reports and implications based
on the EGFR, Eps15 domain II, namely the coiled-coil domain,
is necessary and sufficient for the association of Eps15 with
the Met receptor, whereas Eps15 domain III can compensate to
a lesser extent to its association.

Grb2 Interacts with Eps15 through a Proline-rich Motif—To
gain insight into the possible role of Eps15 domain III in com-
plex formation with Met, we used Scansite (55) to identify
potential binding protein motifs within domain III of Eps15.
Scansite identified a putative Grb2 SH3 binding motif in Eps15,
centered on proline residue 770 with a score of 0.564 (Fig. 4A).
The known Grb2 binding partner, SOS, by comparison resulted
in Scansite scores for three prolines ranging from 0.540 to
0.6345, whereas Gabl, another known Grb2 binding partner,
contains a proline-rich domain with three consensus proline
motifs with scores ranging from 0.525 to 0.611. Grb2 is an adap-
tor protein that contains one SH2 domain and two SH3
domains. Upon HGF stimulation, Grb2 is rapidly recruited to
the Met receptor through its SH2 domain (56). Grb2 is required
for the internalization of the EGFR (57) and recently has been
shown to play a role in the clathrin-mediated endocytosis of the
Met receptor (58). We therefore investigated whether Grb2
could associate with Eps15. In cells that co-express both FLAG-
tagged Eps15 and Myc-tagged Grb2, these proteins co-immu-
noprecipitate in the presence and absence of an activated Met
receptor (Fig. 4B). Parallel co-immunoprecipitations were also
carried out between GFP-tagged Epsl5 and Gabl with Myc-
tagged Grb2 (supplemental Fig. S3A) for a qualitative compar-
ison between these two Grb2-associating proteins. Ad-
ditionally, in HeLa cells, endogenous Grb2 was detected in
Eps15 immunoprecipitates from both unstimulated and stim-
ulated cells (Fig. 4C) demonstrating a constitutive association
indicative of an SH3 domain proline-rich interaction (59). Fur-
thermore, structure function studies demonstrate that neither
an Eps15 mutant lacking the putative proline motif (Eps15AIll,
Fig. 4D, lane 6) nor an Eps15 point mutant (P770A, Fig. 4D, lane
9) fully associates with Grb2, demonstrating the requirement
for this proline residue for this interaction (Fig. 4, D and E). We
confirmed this interaction using a GST-Grb2 fusion protein
and pulldown assays, where we observe a decreased capacity of
Grb2 to interact with the P770A mutant as compared with WT
Epsl5 (Fig. 4F). To assess the functional significance of the
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Grb2-Epsl15 interaction, we tested the ability of the P770A
mutant to be tyrosine-phosphorylated and ubiquitinated upon
HGF stimulation. The Eps15 P770A mutant showed less ubiq-
uitination and tyrosine phosphorylation when compared with
the WT protein upon HGF stimulation (Fig. 4G, compare lanes
1-5 with lanes 6 —10). This reduction was not due to reduced
recruitment to the Met receptor, because the P770A mutant
was able to co-immunoprecipitate with Met to a similar extent
as the WT protein (supplemental Fig. S3B). Altogether, these
results indicate that Grb2 can bind to Eps15 through an inter-
action that is dependent of proline 770. This association is
maintained upon Met receptor activation and is required for
full recruitment and post-translational modification of Eps15.

The Coiled-coil Domain Is Sufficient to Displace Eps15-Met
Interactions—To further elucidate the role of the coiled-coil
domain of Eps15 upon Met activation, we used increasing
levels of Eps15 CC domain to determine whether this region
of Eps15 could directly compete for binding to Met (Fig. 54).
Titrating increasing amounts of the Epsl5 coiled-coil
domain resulted in a displacement of the WT Eps15 from its
association with the Met receptor and coincident loss of
tyrosine phosphorylation of Eps15 (Fig. 5A, first and third
panels, respectively). Binding of both FLAG-Epsl5 and
FLAG-CC was specific, because no binding was observed
in parallel immunoprecipitations where no antibody was
used (data not shown). Thus, the coiled-coil domain of Epsl15 is
sufficient to displace the wild-type Eps15 protein from a Met com-
plex, and results in a loss of tyrosine phosphorylation of Epsl5
following its uncoupling from the Met RTK. Because the mecha-
nisms for tyrosine phosphorylation of Eps15 downstream of HGF
are the same as downstream of EGF (Fig. 2F), we next determined
the ability of the coiled-coil domain to compete in the presence of
EGF stimulation. The coiled-coil domain of Eps15 was able to co-
immunoprecipitate with EGFR, however, in contrast to the Met
receptor, the coiled-coil domain of Eps15 associated poorly with
the EGFR and was less efficient at displacing the association of the
full-length Eps15 protein with the EGFR (Fig. 5, B-D). This dem-
onstrates that, unlike the Met RTK, the coiled-coil domain of
Eps15 does not play a significant role in the recruitment of Eps15
to the EGFR.

Eps15 Knockdown Delays Met Degradation—Knockdown
of Eps15 has been reported to cause a modest reduction in
the internalization of the EGFR (60); however, infection of
the bacterium Listeria monocytogenes, which can occur via a
Met-dependent mechanism, was drastically reduced upon
Epsl15 silencing (61). To directly assess the role of Eps15 in
Met down-regulation, siRNA was used to reduce Eps15 pro-
tein expression levels in HeLa cells. A dose-dependent
knockdown of Eps15 was observed with increasing concen-
trations of siRNA (Fig. 6A4), with optimal knockdown consis-
tently observed to be >70% at a concentration of 10 nMm (Fig.
6A). Knockdown was specific, as a control scramble siRNA
did not affect levels of endogenous Eps15. Cells with knock-
down of Eps15 showed a delay in Met trafficking to a perinu-
clear compartment in comparison to scramble negative con-
trol cells (Fig. 6B). By 60 min, control cells were observed to
be in a perinuclear compartment, whereas Eps15 siRNA-
treated cells showed a less defined cellular localization in the
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FIGURE 4. Grb2 associates with Eps15 through a proline-rich motif. A, schematic of Eps15 and Grb2 domains. Proline 770 of Eps 15 within the PXXP motif with
surrounding amino acid identified using Scansite are indicated along with the score. The scores for one of the proline residues of SOS and Gab1 as identified
by Scansite are also given for comparison. B, FLAG-Eps15 and Myc-Grb2 expression constructs were transfected with or without Met and immunoprecipitated
(IP) as indicated followed by blotting for Eps15 (FLAG), Grb2 (myc), or Met levels. C, HeLa cells left unstimulated or stimulated with HGF for 15 min were lysed
and immunoprecipitated using Eps15 antibodies (+Ab) and blotted for Grb2. Parallel control immunoprecipitates were carried out without antibody addition
(—Ab). D, a panel of FLAG-Eps15 truncation mutants were co-transfected with myc-Grb2 in HEK293 cells and immunoprecipitated and blotted as indicated.
E, summary of co-immunoprecipitations of Eps15 and Grb2, (+) = co-immunoprecipitation observed, (—) = no co-immunoprecipitation observed. F, GST
pulldown assays using GST-Grb2 using lysates transfected with Eps15 WT or Eps15 P770A expression constructs. GST-alone was used as a control. G, HeLa cells
transfected with Eps15 WT or P770A and HA-Ub were cold load-stimulated with 0.60 nm HGF and immunoprecipitated for Eps15 then blotted for HA and
phosphotyrosine. Met activation was assessed through Western blotting using phosphospecific Met tyrosine 1234/35 antibodies.
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FIGURE 5. Coiled-coil domain is sufficient for displacing a WT-Eps15-Met complex but not an EGFR-Eps15
complex. A, HEK293 cells were transfected with Met and Eps15 WT expression constructs in the presence of
increasing amounts of the coiled-coil domain (Eps15 CC). Immunoprecipitations (IP) were performed on the
lysates as indicated. Arrows show migration of wild-type (Eps15 WT) and Eps15 CC proteins. Molecular weight
protein marker migration is indicated to the left of the blots. B, HEK293 cells transfected with either Met or EGFR
and FLAG-Eps15 expression constructs with increasing amounts of FLAG-CC. EGFR cells were stimulated with
100 ng/ml EGF for 8 min prior to lysing. Lysates were immunoprecipitated with anti-Met and anti-EGFR anti-
bodies and blotted for FLAG. Arrows show migration of wild-type (Eps15 WT) and Eps15 CC proteins and heavy
chain. Molecular weight protein marker migration is indicated to the left of the blots. C, quantification of
coiled-coil protein levels co-immunoprecipitated with anti-Met or anti-EGFR antibodies with increasing CC
domain protein levels. Results were quantified using densitometric analysis from at least three independent
experiments. For Met immunoprecipitations; p < 0.03, Student's t test, mean = S.E. D, quantification of FLAG-
Eps15 WT protein levels co-immunoprecipitated in the presence of increasing amounts of coiled-coil domain
using anti-Met and anti-EGFR antibodies. Results are quantified using densitometric analysis from at least three
independent experiments. Shown is the mean = S.E. For Met co-immunoprecipitation; p < 0.003, Student’s t

test.

cell (Fig. 6B). By 2 h of HGF treatment, Met is normally
degraded and poorly detected by immunofluorescence, how-
ever in Eps15 siRNA-treated cells, Met was still detected in a
perinuclear compartment (Fig. 6B). This delay in trafficking
was found to correlate with enhanced stability of protein
levels as observed by Western blot analysis (Fig. 6C). Densi-
tometric analysis of Met protein levels was also used to dem-
onstrate a delay in Met degradation (Fig. 6C). We verified the
specificity of the siRNA knockdown by re-expressing siRNA-
resistant full-length Eps15. Low levels of Eps15 restored Met
degradation dynamics to that of scramble siRNA-treated
cells, confirming that the delayed degradation is due to a
loss of Eps15 protein levels and not due to off-target effects
(Fig. 6D).
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Epsl5 P770A and Epsl5AIV
(Eps15AUIM) proteins could also
rescue the delay in Met degradation.
Expression of Eps15 P770A rescued
Met levels similar to Eps15 WT-ex-
pressing cells (Fig. 7). Interestingly,
the Eps15AUIM was unable to fully
rescue Met degradation as detected
by immunofluorescence but was not
as effective as the Eps15ACC in pre-
venting Met degradation (Fig. 7B).
Hence these results support that
the coiled-coil domain is critical
for Epsl5-mediated Met traffick-
ing and degradation and that ubiquitin-Eps15 UIM domain
interactions are also critical for promoting Met trafficking
and degradation.

DISCUSSION

Here we report induced recruitment and post-translational
modification of Eps15 downstream from the Met receptor tyro-
sine kinase. Few studies have directly addressed the role of
Eps15 for ligand-dependent endocytosis of RTKs other than for
the EGFR. In fact, where investigated, tyrosine phosphorylation
of Epsl5 has not been reported for other stimuli (30, 39).
Although Eps15 is commonly used as a marker for clathrin-
dependent endocytosis, many details beyond its interaction
with other endocytic proteins are lacking. In this study we
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FIGURE 6. Eps15 knockdown delays Met degradation and is rescued by WT Eps15. A, Hela cells transfected with control scramble siRNA (10 nm) or Eps15
siRNA at 5 nm or 10 nm concentrations were harvested 72 h post-transfection and assessed for protein levels. B, HelLa cells transfected with scramble or Eps15
siRNA were stimulated with HGF in the presence of cycloheximide then stained for Met and 4’,6-diamidino-2-phenylindole and imaged using confocal
microscopy for the indicated times. Arrows point to Met-positive staining. Bar = 20 um. C, Western blots of HeLa cells transfected with scramble and Eps15
siRNA. Cells were stimulated with HGF in the presence of cycloheximide for the indicated amount of time. Lysates were blotted for Met, Eps15, and actin (top
panel). Mean Met protein levels were quantified through densitometric analysis and graphed as percentage of initial protein levels. Error bars represent S.E.
Results shown are from four independent experiments (bottom panel). D (left panel): HeLa cells transfected with Eps15 siRNA were transiently transfected with
siRNA-resistant Eps15 cDNA and compared with scramble control or Eps15 siRNA-treated cells. Met protein levels were quantified as in C, after HGF stimulation
in the presence of cycloheximide. Shown is the mean value of Met levels at the 4-h time point. Results are from four independent experiments. The difference
between Eps15-depleted cells versus rescued cells is statistically significant; p < 0.01, Student’s t test. Right panel: Western blots of siRNA-treated cells; *,
GFP-Eps15 protein levels.

have performed the first systematic analysis of Eps15 down-
stream from the Met RTK. Similar to reports carried out
with the EGFR (25), Eps15 is a downstream target for the Met
receptor. In this study, we show that Eps15 is recruited to the
plasma membrane and undergoes rapid but biphasic tyro-
sine phosphorylation and ubiquitination in response to HGF
(Figs. 1B, 2B, 2C, and 2G).

Using structure-function analysis, we have mapped the
region of Eps15 responsible for the interaction with Met to the
coiled-coil domain and a proline-rich domain. This is in con-
trast to published data based on the EGFR supporting a model
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whereby Epsl15 is recruited to the EGF receptor through the
UIM domain of Epsl5 (62). Our data demonstrate that an
Eps15 construct that lacks its UIM domains associates with the
Met receptor to a similar level as the wild-type Eps15 protein
(Fig. 3A4) and argue that the mechanism for Eps15 recruitment
to the Met receptor does not follow this model. In further sup-
port of this, Eps15 co-immunoprecipitated equally well with a
mutant Met receptor (Y1003F) that is poorly ubiquitinated due
to impaired Cbl recruitment (Fig. 3D). Instead, we demonstrate
a novel mode of recruitment of Eps15 to the Met receptor, and
we show that removal of the coiled-coil domain is sufficient to
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FIGURE 7. Eps15 knockdown is rescued by WT and P770A mutant but not rescued by Eps15ACC or
Eps15AUIM mutants. A, Hela cells treated with siRNA as described under “Experimental Procedures,” were
transfected with either vector, siRNA-resistant Eps15 WT, Eps15ACC, Eps15 P770A, or Eps15AUIM. 24 h later,
cells were treated with HGF in the presence of cycloheximide for 2 h, fixed, stained for Met and Eps15 (or
vector), and viewed using confocal microscopy. Magnification, 100X; zoom, 1.5; bar = 10 um. B, Eps15 knock-
down cells expressing Eps15 constructs from A were counted for anti-Met staining. Results shown are from
three independent experiments with at least 30 cells counted per condition. C, Western blot of knockdown
cells expressing Eps15 constructs. Cells were stimulated with HGF for 2 h in the presence of cycloheximide, and

protein levels were blotted as indicated.

disrupt the recruitment of Eps15 to an activated Met complex
(Fig. 3, A and B). Moreover an siRNA-resistant Eps15 mutant
lacking the coiled-coil domain was unable to promote Met
receptor degradation as observed upon expression of an
siRNA-resistant WT Epsl15, further confirming a role for the
coiled-coil domain in the recruitment of Eps15 to Met (Fig. 7).
Interestingly, removal of the coiled-coil domain also disrupts
the recruitment of Eps15 to the EGFR (Fig. 3E). Whereas pre-
vious data have mapped the UIM domain of Epsl5 for
recruitment to the EGFR, a role for the coiled-coil domain
was not addressed (36). Although the UIM domain of Eps15
is not essential for recruitment to the Met receptor, an Eps15
mutant lacking this domain failed to promote degradation of
the Met receptor (Fig. 7). While this mutant was not as effective
as the Eps15ACC mutant (Fig. 7B), it nonetheless highlights the
importance of ubiquitin-UIM interaction in the overall func-
tion of Eps15 downstream of the Met receptor, which is in
agreement with previous studies carried out with the EGFR
(36, 37).

The coiled-coil domain of Epsl5 has been shown to be
involved in forming homo- and hetero-dimers and tetramers
(34). The formation of these higher order molecular complexes
may be required to stabilize low affinity associations of Eps15
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with the Met receptor. Yet, because
the coiled-coil domain alone is suf-
ficient for binding to the Met recep-
tor, and can compete with the wild-
type protein for binding, an
alternative (but not exclusive)
hypothesis is that this domain is
directly involved in binding to the
receptor. As endogenous Epsl5 pro-
tein is present, we also cannot exclude
the possibility that endogenous Eps15
may dimerize with the coiled-coil
domain to contribute to its recruit-
ment to a Met complex. This interac-
tion, however, appears to be minimal
as an Epsl5 mutant (AIl) with an
intact coiled-coil domain was also
impaired in its ability to associate with
the Met receptor (Fig. 3A4). Addition-
ally, the coiled-coil domain of Eps15
has been reported to mediate interac-
tions with another coiled-coil-con-
taining protein, Hrs (29, 63). We
therefore cannot rule out indirect
protein  interactions,  although
recently, for the case of Hrs, it has
been shown that Hrs preferentially
interacts with Epsl5b rather than
Eps15 in vivo (64).

Recruitment of Epsl5 to Met
depends on the kinase activity of the
Met receptor (Fig. 2A). Here we
have shown that a pool of Grb2 is
constitutively bound to Epsl5
though a proline-rich motif and that
this interaction is maintained upon Met activation (Fig. 4, Band
C). An Epsl5 mutant uncoupled from Grb2 (P770A) shows
decreased ubiquitination and tyrosine phosphorylation when
compared with the WT Eps15 protein, in particular at the later
(30 min) time point (Fig. 4G), supporting a role for Grb2 in the
recruitment of Eps15 in vivo.

Interestingly, this proline motif within Eps15 has been shown
to interact with the SH3 domain of the adaptor protein Crk
(65). Crk and Grb2 would therefore be predicted to compete for
binding to Eps15. Although, whether this competition occurs in
vivo and the significance of this competition remain to be
tested.

Several studies have demonstrated a requirement for Grb2 in
mediating RTK internalization (57). Knockdown of both Eps15
and Grb2 has been shown to inhibit Met-dependent bacterial
entry of L. monocytogenes (61). Studies depleting or, conversely,
overexpressing Grb2 have also been used to show a require-
ment for Grb2 in the clathrin-dependent internalization of the
Met receptor (58). Grb2 is rapidly recruited to the Met receptor
following phosphorylation of Tyr-1356, a consensus Grb2 SH2
domain binding site in the C terminus of Met (66). Grb2
recruitment to Met is essential for the full morphogenic
response elicited by HGF (56) and required for the tyrosine

AUIM
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phosphorylation of Cbl and Gabl signaling adaptor proteins
(67). By analogy, Grb2 is likely involved as an adaptor bridging
endocytic proteins such as Eps15 to the activated Met receptor,
serving as an additional factor in the recruitment of Eps15 to
the vicinity of the Met receptor.

Recently, a second isoform of Epsl5, Epsl5b, has been
reported to localize to endosomes (64). This isoform lacks the
EH domains and differs in the first 32 N terminus residues from
Epsl5. Knockdown of both Epsl5 and Epsl5b resulted in
delayed EGFR degradation, whereas siRNA to Eps15 alone had
no effect (64). Disparity between these results and ours may be
due to receptor-specific differences between the Met receptor
and EGFR, because the coiled-coil domain, as opposed to the
UIM domain of Epsl5, is required for Met receptor-Epsl5
interactions (Fig. 3, A and B). Additionally, we observed that
high levels of Eps15 were not as effective as low levels in rescu-
ing our Eps15 knockdown. As a biphasic tyrosine phosphoryl-
ation and ubiquitination of Eps15 was observed (Fig. 2, B and
G), it is possible that a pool of Eps15 may dimerize with Eps15b
to cause this secondary wave.

In conclusion, we demonstrate a novel mode of recruitment
of Epsl5 to the Met RTK. As Epsl5 is a key scaffold protein
involved in the internalization of RTKSs, this study reinforces
the need to gain a better understanding of the molecular mech-
anisms of the interactions of Eps15 and its interacting partners
downstream of growth factors.
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