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Background: ClipR-59 is implicated in the regulation of muscle function.
Results: ClipR-59 knockdown in C2C12 cells blocks muscle differentiation. ClipR-59 interacts with Elmo2 to regulate Rac1
activation.
Conclusion: ClipR-59 is required for myoblast fusion.
Significance: Identification of ClipR-59 as a novel promoter of muscle differentiation through its ability to orchestrate Rac
signaling.

Recent studies using ClipR-59 knock-out mice implicated this
protein in the regulation of muscle function. In this report, we
have examined the role of ClipR-59 in muscle differentiation
and found that ClipR-59 knockdown in C2C12 cells suppressed
myoblast fusion. To elucidate the molecular mechanism
whereby ClipR-59 regulates myoblast fusion, we carried out a
yeast two-hybrid screen using ClipR-59 as the bait and identi-
fied Elmo2, a member of the Engulfment and cell motility pro-
tein family, as a novel ClipR-59-associated protein. We showed
that the interaction between ClipR-59 and Elmo2 was mediated
by the atypical PH domain of Elmo2 and the Glu-Pro-rich
domain of ClipR-59 and regulated by Rho-GTPase. We have
examined the impact of ClipR-59 on Elmo2 downstream signal-
ing and found that interaction of ClipR-59 with Elmo2 enhanced
Rac1 activation. Collectively, our studies demonstrate that for-
mation of an Elmo2�ClipR-59 complex plays an important role
in myoblast fusion.

Elmo (engulfment and cell motility) proteins were identified
based on their homology to Caenorhabditis elegans Ced-12, a
protein that is required for apoptotic cell engulfment and cell
migration (1). Elmo proteins are characterized by the presence
of a Ras GTPase-binding domain, a region that is present only
in Elmo proteins and ElmoD protein (Elmo domain), an atypi-
cal PH domain (aPH)4 and a proline-rich region with a PXXP

motif (2, 3). In addition, two regions in Elmo proteins were
shown to mediate a closed and inactive conformation state, the
Elmo inhibitory domain and the Elmo autoregulation domain
(EAD) (4). The exact function of this autoregulation remains to
be fully established. There are three isoforms of Elmos in mam-
mals including Elmo1, Elmo2, and Elmo3. Elmo1 and Elmo2
have been most extensively studied and are closely related
based on their sequences.

Elmos have no apparent enzymatic activity and exert their
biologic activity through interacting with a panel of different
proteins (5). To date, a number of proteins have been found to
interact with Elmo. These include proteins associated with
plasma membrane such as brain-specific angiogenesis inhibi-
tors 1–3 (6, 7), G�i2 (8), G�� (9), Nck-1 (10), ILK2 (11), and also
cytosolic proteins such as the DOCK proteins (1, 12, 13), RhoG
(14), Arl4A (15), ACF7 (16), and ERM (17, 18). In general, Elmo
proteins are recruited to the plasma membrane through inter-
acting proteins for efficient activation of downstream effectors.
For instance, interaction of Elmo1 and -2 with brain-specific
angiogenesis inhibitor recruits them onto the proximal mem-
brane where the DOCK180�Elmo complex promotes activation
of Rac1 (6, 7), a small GTPase that plays a critical role in a wide
variety of biology processes including cytoskeleton rearrange-
ment, cell migration, and muscle differentiation (19, 20).

ClipR-59 is a membrane-associated protein characterized by
three distinct structural features including a Glu-Pro-rich
domain, three ankryin repeats, and two putative CAP-Gly
domains (21). CAP-Gly domains are the signature domain of
the ClipR-170 protein family that binds microtubules and reg-
ulates microtubule dynamics (22, 23). ClipR-59 shows no
microtubule-binding activity but instead associates with cellu-
lar membranes including plasma membrane and trans-Golgi
membrane via its palmitoylated cysteine residue (24, 25). Both
CAP-Gly domains and ankyrin repeats are protein-protein
interaction modules suggesting that ClipR-59 functions as an
adaptor to recruit specific factors to the membrane. Support-
ing this view, ClipR-59 interacts with Akt and modulates Akt
plasma membrane compartmentalization in adipocytes,
thereby promoting Glut4 membrane translocation (26, 27).
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ClipR-59 also interacts with TNF receptor to regulate TNF�
signaling (28). Inactivation of ClipR-59 in mice resulted in
perinatal lethality in part due to muscle malfunction, imply-
ing that this gene plays a crucial role in muscle development
(29). However, how ClipR-59 affects muscle function
remains unexplored.

In this report, we have examined the role of ClipR-59 in mus-
cle differentiation and found that ClipR-59 is required for myo-
blast fusion. Moreover, we also found that ClipR-59 interacts
with Elmo2 to enhance Rac1 activation.

EXPERIMENTAL PROCEDURES

Reagents—Insulin, DAPI, mouse monoclonal anti-FLAG
antibody, HRP-conjugated anti-FLAG, and anti-HA antibodies
were from Sigma. Mouse monoclonal anti-HA antibody was
from Covance. Mouse monoclonal anti-Elmo2, anti-GST and
anti-Myc antibodies, anti-myogenin, anti-myosin heavy chain,
and anti-�-tubulin antibodies were from Santa Cruz. Rabbit
monoclonal anti-Akt and phospho-Akt antibodies were from
Cell Signaling. Rabbit anti-ClipR-59 antibody has been
described previously (26). TNT kit was from Promga.

Plasmids and Virus Production—ClipR-59 and its mutants
have been described (27). Myc-tagged Elmo expression vectors
and FLAG-Dock180 have been described (6). FLAG-180 was a
gift of Dr. Michyuki Matsuda of Kyoto University. GST-CRIB
was a gift of Dr. Rachel Bushsbaum, Tufts Medical Center (30).
Rac1 and RhoG expression vectors were a gift of Dr. Ralph
Isberg, Tufts University School of Medicine (31). The sequence
of ClipR-59 shRNA has been described (26). The lentiviral vec-
tors and subcloning strategy to generate shRNA lentiviral
expression vectors and produce the lentiviral particles have
been described (32). These lentiviral vectors encode a GFP pro-
tein independent of shRNA expression so that the transduced
cells can be seen through green fluorescence.

The deletion mutants of Elmo2 were generated by using con-
venient restriction sites in the Elmo2 cDNA. To generate mam-
malian GST-Elmo2 expression vectors, mouse Elmo2 cDNA
was amplified by PCR with primers 5�-GGAGATCTATGCC-
GCCTCCGTCTGACA-3� and 5�-cctctagatcagccatagtgata-
gac-3� and cloned into BamHI and SpeI site of pEBG. To
generate Elmo2aPH, the sequences after the PH domain were
amplified with primers 5�-GGAATTCATGTCCAGCGAGC-
TAACC-3�, and 5�-CCCTCGAGTCAGCCATAGTGATA-
GAC-3� and digested with EcoRI and XhoI. The full-length
Elmo2 cDNA was amplified with primers 5�-CCTCTAGATC-
AGCCATAGTGATAGAC-3� and 5�-CCCTCGAGTCAGCC-
ATAGTGATAGAC-3� and digested with BglII and MfeI.
Then, the EcoRI-Xho fragment and BglII-MfeI fragments were
together ligated to either pCMV-Myc vector or pCMV HA
vectors. Finally, the EcoRI and XhoI fragment was also cloned
into pC-FLAG and pCHA vectors to obtain HA and FLAG-
tagged Elmo2, respectively. To generate GST expression vector
that express the aPH domain of Elmo2, aPH (aa 534 – 677) were
amplified with primer 5�-GGATCCCCTGAGATCCTGGAG-
CTG-3� and 5�-CACTCGAGTCATAGCTCGCTGGACATA-
TCC-3� and digested with BamHI and XhoI and cloned into
pEBG.

To generate retroviral expression vectors for ClipR-59 and its
mutants, cDNA fragments were cloned into pMigR1 retroviral
vector between HpaI and XhoI sites. The viral particles were
produced as described (32). To generate GST-E/PClipR-59, the
E/P domain was amplified with primers 5�-GTGGATCCAT-
GACTAAGACAGATCCTG-3� and 5�-CACTCGAGTCAC-
CCGTCACGATCGTTCACATG-3�, digested with BamHI
and XhoI, and cloned into pGEX 5-1 expression vector.

Cell Culture and Transfection—COS-7 cells were grown in
high glucose Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% (v/v) fetal bovine serum (FBS), 2 mM

L-glutamine, 100 units/ml of penicillin, and 100 �g/ml of strep-
tomycin (Invitrogen). C2C12 cells were grown in the same
DMEM but supplemented with 20% bovine serum instead of
FBS. The differentiation of C2C12 cell was as follows. Briefly,
C2C12 cells were cultured to 60 – 80% confluence. Then, the
medium was changed to differentiation medium (DMEM sup-
plemented with 2% horse serum). 72–96 h later, myoblast for-
mation was examined.

Cell Imaging—C2C12 cells transduced with the indicated
viruses were differentiated for 72–96 h. Then the cells were
fixed and stained with DAPI. The cells were mounted on a glass
coverslide. The fluorescence imaging is captured with confocal
microscopy (Olympus).

Quantification of Myoblast Fusion—The myoblast fusion is
quantified as the ratio of differentiated cells and total cells,
which is referred to as the fusion index. Briefly, after differenti-
ation, C2C12 cells were fixed and stained with DAPI. Then, the
total number of viral transduced cells (with green fluorescence)
and the fluorescence cells that consist of more than three nuclei
(based on DAPI staining) were counted, respectively. Then, the
ratio of the number of fluorescence cells, which has more three
nuclei, and total fluorescence cells are calculated as myoblast
fusion index.

Immunoprecipitation Assays—Transfected COS-7 cells or
C2C12 cells were extracted with immunoprecipitation buffer
(150 mM NaCl, 25 mM Tris, pH 7.6, 0.5 mM EDTA, 10% glycerol,
0.5% Nonidet P-40 plus a protease inhibitor mixture). 500 �g of
total proteins from the cell lysates were subjected to immuno-
precipitation with the corresponding antibodies.

GST Pulldown Assay—GST-ClipR-59 fusion peptide was
expressed in COS-7 or HEK293 cells from pEBG expression
vector and purified with glutathione-Sepharose 4B according
to the manufacturer’s instruction. For examining Elmo2 and
ClipR-59 interaction, purified GST-ClipR-59 or Elmo2 was
mixed with the total cell lysate of COS-7 cells that had been
transiently transfected with proper expression vectors in
immunoprecipitation buffer and incubated for 4 h. Then, the
beads were washed 3 times, and the proteins associated with
GST beads were analyzed in Western blot with the correspond-
ing antibodies. Also, before washing, 2% volume of the mixtures
was taken out for Western blot to determine the input level of
each component. In some cases, cells were cotransfected with
PEBG expression vectors with the indicated Elmo2 or ClipR-59
expression constructs.

Rac1 Activation Assay—The assay to measure GTP-loaded
Rac1 was carried out as previously described (30). Briefly, GST-
CRIB was produced in Escherichia coli BL21 and purified on
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glutathione beads. Total lysates from COS-7 cells that were
transiently transfected with proper expression vectors as indi-
cated in the figure legends were incubated with GST-CRIB
beads. After 4 h incubation, GST beads were washed exten-
sively and analyzed in Western blot with the proper antibodies.

Western Blotting—After treatments, cells were washed twice
with PBS and extracted with cell lysis buffer (20 mM Tris, pH
7.6, 150 mM NaCl, 0.5 mM EDTA, 0.5 mM DTT, 10% glycerol,
protease and phosphatase inhibitors). For cellular fractionation
experiments, the cellular fractions were directly dissolved into
lysis buffer. Equal amounts of protein were subjected to SDS-
PAGE and transferred to nitrocellulose membranes (Bio-Rad).
After blocking in 5% dry milk, the membranes were incubated
with each primary antibody, followed by incubation with a
horseradish peroxidase-conjugated secondary antibody. The
protein bands were visualized using the ECL detection system
(Pierce). The quantification of Western blot was determined
with Image J software.

Yeast Two-hybrid Screen—The yeast two-hybrid screen was
carried out with full-length ClipR-59 as the bait as described
previously (33).

Statistical Analysis—Mean � S.D. were calculated and statis-
tically significant differences among groups were determined
by one-way analysis of variance analysis followed by post hoc
comparisons, or by two-tailed unpaired Student’s t test between
two groups as appropriate, with significance at p � 0.05.

RESULTS

ClipR-59 Is Involved in Myoblast Fusion—Recent studies
revealed that ClipR-59 knock-out mice display embryonic
lethality in part because of impaired muscle function (29). This
implied that ClipR-59 could play a role in muscle development
and prompted us to examine the role of ClipR-59 in muscle
differentiation. First, we examined ClipR-59 expression during

differentiation of C2C12 cells into myoblasts. This cell line is
widely used to study muscle differentiation and is amenable to
dissect myoblast fusion (34). As shown in Fig. 1A, expression of
ClipR-59 was increased following C2C12 differentiation. This
change in expression of ClipR-59 is correlated to muscle differ-
entiation as the expression of myogenin (Fig. 1, panel ii) and
myosin heavy chain (MHC) (panel iii), markers of muscle cell
differentiation, were also increased. Together, these data dem-
onstrate that ClipR-59 expression is induced during muscle cell
differentiation. We next introduced a validated ClipR-59
shRNA into C2C12 cells via lentiviral gene transfer. As a con-
trol cells were transduced with a lentiviral expression vector
that expresses an shRNA targeting luciferase. As shown in Fig.
1, B and C, interfering with ClipR-59 expression in C2C12 cells
reduced the number of myoblasts (�3 nuclei in each fiber) by
more than 80%.

Next, we examined the expression of myogenin in control
and ClipR-59 shRNA expressing C2C12 cells. As shown in Fig.
1D, a marginal difference in the expression of myogenin
between control and ClipR-59 shRNA-expressing C2C12 cells
was observed. In these experiments, we also examined the
expression of ClipR-59. As expected, the expression of
ClipR-59 is induced during muscle cell differentiation (Fig. 1,
panel ii) and suppressed by ClipR-59 shRNA from 90 to 60%
depending on the time of differentiation. Taken together, these
data demonstrate that ClipR-59 plays a role in muscle differen-
tiation at the myoblast fusion step.

ClipR-59 Interacts with Elmo2—ClipR-59 is a membrane-as-
sociated protein without enzymatic activity. To gain mechanis-
tic insights on the role of ClipR-59 in muscle differentiation, we
set out to identify its interacting proteins. Toward this end, we
carried out a yeast two-hybrid screen using a murine embryonic
fibroblast F422A-3T3 cDNA library using ClipR-59 as the bait.

FIGURE 1. ClipR-59 modulates myoblast fusion. A, ClipR-59 expression during C2C12 muscle differentiation. Total cell lysates from C2C12 cells that had
undergone differentiation at the indicated time points were analyzed in Western blot with anti-ClipR-59 (i), anti-myogenin (ii), anti-myosin heavy chain (MHC,
iii), and anti-�-tubulin (iv) antibodies, respectively. B, ClipR-59 shRNA expression in C2C12 cells suppressed myoblast fusion. C2C12 cells were transduced with
lentiviral vectors that expressed luciferase, and ClipR-59 shRNA, respectively. 48 h post-transduction, cells were switched into differentiation medium (DMEM
supplemented with 2% horse serum). 72 h later, the cells were fixed and stained with DAPI. The scale bar represents 50 �m. C, quantification of C2C12 myoblast
fusion. The fusion index is the ratio of GFP positive cells that contains more than 3 nuclei and total GFP cells. Bar graphs show mean � S.D., n � 9 (fields). D,
Western blot analysis of total cell lysates collected from the cells in B with anti-myogenin (MyoG), ClipR-59, and �-tubulin antibodies, respectively. E, densito-
metric analysis of ClipR-59 expression in D. The amount of ClipR-59 in luciferase shRNA expressing C2C12 cells before differentiation was set as 1 after
normalized to �-tubulin. The bar graphs show � S.D. (n � 3). In all cases, p � 0.05.
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Several potential ClipR-59-interacting proteins were identified
in this screen. One of them, Elmo2, was particularly interesting
because it was recently reported to play an essential role in
myoblast fusion (6).

We next aimed to validate Elmo2 as a bona fide ClipR-59-
interacting protein in mammalian cells. Toward this goal, a
co-immunoprecipitation assay with differentiated C2C12 total
lysates was carried out using an anti-Elmo2 monoclonal anti-
body. As shown in Fig. 2A, a 60-kDa anti-ClipR-59 immunore-
active band, just above IgG heavy chain, was detected in the
anti-Elmo2 immunoprecipitate but not in the nonspecific IgG
immunoprecipitate. The 60-kDa immunoreactive band to anti-
ClipR-59 antibody was not due to sample variation as compa-
rable levels of ClipR-59 (middle) and Elmo2 (bottom) were
observed in each sample.

To further validate our findings, we next carried out co-im-
munoprecipitation assays with FLAG-tagged Elmo2 and HA-
tagged ClipR-59 transiently expressed in COS-7 cells. As shown
in Fig. 2B, HA-ClipR-59 was detected in anti-FLAG immuno-
precipitates from the cell lysates of COS-7 cells that were tran-
siently co-transfected with Myc-Elmo2 and HA-ClipR-59
expression vectors, but not with empty FLAG expression vec-
tor. The middle and bottom panels of Fig. 2 represents the levels
of HA-ClipR-59 and FLAG-Elmo2 in total cell lysates (TCL).

To further evaluate if the association of ClipR-59 and Elmo2
is direct, we carried out a GST pulldown assay. GST and GST-

ClipR-59 were produced in 293T cells and were incubated with
COS-7 cell lysates that expressed Myc-Elmo2. As shown in Fig.
2C, Myc-Elmo2 was robustly detected in GST-ClipR-59 beads.
The middle and bottom panels represent the cellular levels of
Myc-Elmo2 and GST fusion proteins, respectively. Collectively,
these data demonstrate that ClipR-59 interacts specifically and
directly with Elmo2 in mammalian cells.

ClipR-59 Preferentially Interacts with Elmo2 and Elmo3—
There are three Elmo proteins in mammals including Elmo1,
Elmo2, and Elmo3 (5). We investigated whether ClipR-59
would also interact with other isoforms of Elmo proteins. To
test this, a GST pulldown assay was carried out with purified
GST-ClipR-59 isolated from HEK293T cell lysate and incu-
bated with total cell lysates of COS-7 cells that were transiently
transfected with expression vectors coding for Myc-tagged
Elmo1, Elmo2, or Elmo3. As shown in Fig. 3A, all Elmo proteins
were retained on GST-ClipR-59 beads, but the amount of
Elmo2 and Elmo3 was markedly higher than that of Elmo1. The
Elmo proteins retained on the beads were specific to GST-
ClipR-59 as no detectable Elmo proteins were found on GST
beads alone. The variation among Elmo proteins retained on
GST ClipR-59 beads could not be ascribed to sample variations
as comparable levels of Elmo proteins and GST proteins were
observed.

To examine this differential association further, we carried
out GST pulldown assays with GST-Elmo proteins and FLAG-
tagged ClipR-59 expressed in COS-7. As shown in Fig. 3B,
ClipR-59 was retained on all GST-Elmo beads. However, the
amount of ClipR-59 on GST-Elmo2 and Elmo3 beads was
6-fold higher than that on GST-Elmo1 beads. The ClipR-59
retained on GST-Elmo was specific to Elmo proteins as no
ClipR-59 was found on GST beads alone (lane 1, top panel) and
comparable levels of ClipR-59 (middle) and GST fusion pro-
teins were observed in each sample.

To rule out the possibility that the lower affinity of Elmo1 for
ClipR-59 is due to non-functional Elmo1, we examined the
association of Elmo1, Elmo2, and Elmo3 with Dock180, a
known Elmo-interacting protein. As expected, all three Elmo
proteins exhibited a comparable capability of interacting with
Dock180 (Fig. 3C). Taken together, these data demonstrate that
ClipR-59 preferentially interacts with Elmo2 and Elmo3.

The Interaction between ClipR-59 and Elmo2 Enhances the
Levels of Active Rac1—Elmo2 interacts with the Dock family
protein to activate downstream targets including Rac1 (35). To
determine whether Elmo2, ClipR-59, and Dock protein forms a
tertiary complex, a co-immunoprecipitation assay was carried
out with COS-7 cell lysates that express FLAG-Dock180 alone
or HA-ClipR-59 plus FLAG-Dock2, or HA-ClipR-59 plus
FLAG-Dock180 and Myc-Elmo2, with anti-FLAG antibody. As
shown in Fig. 4A, FLAG-Dock180 was only significantly immu-
noprecipitated with anti-HA antibody in the presence of both
HA-ClipR-59 and Myc-Elmo2, indicating that ClipR-59,
Elmo2, and Dock180 are present in the same complex.

Binding of Elmo2 to Dock family proteins enhances the levels
of active Rac1 (GTP-bound Rac1). Active Rac1, in turn, binds
Pak1 and activates it (36). The notion that ClipR-59, Elmo2, and
Dock180 are in the same complex raises the possibility that
ClipR-59 enhances Rac1 activation. To test this, we carried out

FIGURE 2. ClipR-59 interacts with Elmo2. A, co-immunoprecipitation assay
to show the interaction between endogenous ClipR-59 and Elmo2. Total cell
lysates from differentiated C2C12 cells were immunoprecipitated with anti-
Elmo2 antibody. The anti-Elmo2 immunoprecipitates were analyzed in West-
ern blot with anti-ClipR-59 antibody (top). The middle and bottom panels show
the levels of Elmo2 and ClipR-59 C2C12 total cell lysates. B, co-immunopre-
cipitation assay to show that transiently expressed Elmo2 and ClipR-59 inter-
act. Total cell lysates from COS-7 cells transiently co-transfected with HA-
tagged ClipR-59 expression vectors plus vectors expressing either FLAG-tag
alone or FLAG-Elmo2 were subjected to immunoprecipitation with anti-FLAG
antibody. The anti-FLAG immunoprecipitates were analyzed in Western blot
with HRP-conjugated anti-HA antibody (top). The middle and bottom panels
show the levels of FLAG-Elmo2 and HA-ClipR-59 in TCL. C, GST-pulldown
assay with GST alone or GST-ClipR-59 purified from HEK293T cells and the
total cell lysates from COS-7 cells that transiently expressed Myc-tagged
Elmo2. The GST beads were analyzed in Western blot with anti-Myc (top) and
anti-GST antibodies (bottom), respectively. The middle shows the total cellular
levels of Myc-Elmo2. These experiments were repeated 2– 4 times with similar
results. IB, immunoblot.
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a GST pulldown assay to examine the impact of ClipR-59 and
Elmo2 co-expression on Rac1 GTP loading using recombinant
GST-CRIB. GST-CRIB is a GST fusion protein that consists of
Cdc42/Rac1 interactive-binding (CRIB) domain of the p21-ac-
tivated kinase 1 and only interacts with active Rac1 or Cdc42
(30). As shown in Fig. 4B, the levels of Rac1 associated with
GST-CRIB under forced expression of either ClipR-59 or
Elmo2 were not different from that of control cells. In marked
contrast, the amount of Rac1 associated with GST-CRIB
increased about 3-fold with ClipR-59 and Elmo2 co-expression
(Fig. 4B, top panel). As a control, we also examined the associ-
ation of Rac1 and GST-CRIB with Dock180 expression. As
expected, forcing expression of Dock180 strongly enhanced the
association of Rac1 and GST-CRIB.

To further verify the impact of ClipR-59 on Rac1 activation,
we next examined the impact of ClipR-59 on Rac1 activation in
C2C12 cells. As shown in Fig. 4D, active Rac1 were readily
pulled down with GST-CRIB in luciferase shRNA expressing
C2C12 cells (Fig. 4, panel i). In contrast, a 40% reduction of
Rac1 pulled by GST-CRIB was observed in ClipR-59 shRNA
expression cells (Fig. 4D, panel i, for quantification). As
expected, ClipR-59 shRNA was effective to suppress ClipR-59
expression (Fig. 4D, panel iii). Together, these data demon-
strate that interaction of ClipR-59 with Elmo2 enhances the
cellular levels of active Rac1.

The aPH Domain of Elmo2 Is Required for Interaction
between Elmo2 and ClipR-59 —Among three Elmo proteins,
Elmo1 and Elmo2 are the most studied. Because ClipR-59 pref-
erentially interacts with Elmo2, we set out to characterize the
interaction between ClipR-59 and Elmo2 in more detail.
Toward this, we generated a series of Elmo2 mutants in which
different portions of Elmo2 were deleted (Fig. 5A). We tested
the ability of each mutant to interact with ClipR-59 in a GST
pulldown assay. As shown in Fig. 5B1, removal of the first 107

(�N1) and 307 aa (�N2) from the amino terminus of Elmo2 did
not prevent binding but actually increased the amount of
Elmo2 retained on GST-ClipR-59 beads. Removal of the last 60
aa (�C1) from the carboxyl terminus of Elmo2 also increased
the amount of Elmo2 retained on GST-ClipR-59 beads (Fig.
5B2, top panel, compare lanes 2 and 4). However, removal of the
last 190 aa from the carboxyl terminus of Elmo2 (�C2) abol-
ished Elmo2 precipitation by GST-ClipR-59 beads (Fig. 5B2,
top panel, compare lanes 2 and 5). The failure to detect �C2
Elmo2 on GST-ClipR-59 beads was not because of sample var-
iation as the levels of Elmo2 and Elmo2 mutants (Fig. 5B2, mid-
dle panel) as well as that of the GST protein (Fig. 5B2, bottom
panel) were observed in each sample.

The last 190 aa of Elmo2 consists of a putative PH domain,
EAD, and a PXXP motif. EAD and PXXP motifs are localized in
the last 60 amino acids. Because removal of the EAD and PXXP
motifs had no effect on the interaction between Elmo2 and
ClipR-59, we reasoned that the aPH domain of Elmo2 likely
mediates the interaction of Elmo2 with ClipR-59. To test this,
the aPH domain of Elmo2 was internally deleted and the resul-
tant mutant (designated as Elmo2�PH) was tested for interac-
tion with ClipR-59 in a GST pulldown assay. As shown in Fig.
5C, wild-type Elmo2 was readily detected in GST-ClipR-59
beads but in contrast no �aPH Elmo2 was found on GST-
ClipR-59 beads (top panel) despite comparable levels of wild-
type and Elmo2�PH (middle panel) as well as GST-ClipR-59
among these samples.

To confirm that the aPH domain of Elmo2 is sufficient to
mediate the interaction between Elmo2 and ClipR-59, we next
carried out a GST pulldown assay with GST-aPHElmo2 and
ClipR-59 coexpressed in COS-7 cells. As shown in Fig. 5D,
ClipR-59 was readily detected in GST-aPHelmo2 beads, but not
in GST beads (top panel). As expected, removal of the first 300
aa from Elmo2 had no impact on the interaction between

FIGURE 3. ClipR-59 preferentially interacts with Elmo2 and Elmo3. A, GST pulldown assay to examine interaction between GST-ClipR-59 and Elmo family
proteins. GST-ClipR-59 or GST prepared from 239T cells was incubated with cell lysates from COS-7 cells that were transiently co-transfected with Myc-tagged
Elmo expression vectors. The proteins associated with GST beads were analyzed in Western blot with anti-Myc antibody (top). The middle panel shows the levels
of Myc-Elmo in TCL. The bottom panels show the levels of GST fusion proteins associated with GST beads. B, GST pulldown assay to examine the interaction
between ClipR-59 and GST-Elmo proteins. Total cell lysates from COS-7 cells that were transiently co-transfected with FLAG-ClipR-59 expression vectors plus
either pEBG (GST vector) or pEBG-Elmo (lanes 1–3) were subjected to a GST pulldown assay. The GST beads were analyzed in Western blot with anti-FLAG
antibody (top). The middle panel shows the levels of FLAG-ClipR-59 in TCL. The bottom panels show the levels of GST fusion proteins associated with GST beads.
C, similar to B except FLAG-tagged Dock180 was used. These experiments were repeated 3– 4 times with similar results. IB, immunoblot.
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ClipR-59 and Elmo2 (top panel). Together, we conclude that
the aPH domain of Elmo2 mediates the interaction between
Elmo2 and ClipR-59. In addition, these data suggest that bind-
ing of Elmo2 to ClipR-59 is in part dependent on the Elmo
conformation state.

ClipR-59 and Elmo2 Interaction Is Regulated by Rho
GTPase—Elmo proteins exist as autoinhibited scaffolds under
basal conditions through the intramolecular interaction
between the Elmo inhibitory domain and EAD (4) (Fig. 5A). At
present, how this inhibitory status is relieved remains elusive. It
is postulated that binding of active RhoG GTPase to Elmo pro-
teins targets the Elmo�Dock complex to the membrane, via the
Ras GTPase-binding domain, to mediate Rac1 activation (4,
14). As described above, we noticed that the removal of the first
100 aa from the amino terminus as well as 60 aa from the car-
boxyl terminus enhances the interaction between ClipR-59 and
Elmo2 (Fig. 5B), raising the possibility that the interaction
between ClipR-59 and Elmo2 is subject to specific regulation.
With this in mind, we tested the impact of active RhoG expres-
sion on ClipR-59 and Elmo2 in GST pulldown assays. As shown
in Fig. 6A, exogenous expression of constitutively active

RhoGG12V increased the amount of Elmo2 associated with
GST-ClipR-59 by more than 3-fold (top panel). In these exper-
iments, we also examined the impact of active Rac1G12V on the
interaction between ClipR-59 and Elmo2 as Rac1 has been
reportedly involved in the interaction between Dock180 and
Elmo1 (37). Indeed, we observed that expression of constitu-
tively active Rac1G12V also increased the association of
ClipR-59 with Elmo2 (Fig. 6A, top panel). In these experiments,
we also examined the presence of RhoG and Rac1 in GST-
ClipR-59 beads. In agreement with the notion that RhoG is
associated with Elmo2 (14), RhoG was detected in GST-
ClipR-59 beads (panel iii). Panels ii, iv, and v show the cellular
levels of Myc-Elmo2, GST-ClipR-59, and FLAG-RhoG and
FLAG-Rac1, respectively.

Rho-GTPases are activated by a range of extracellular
stimuli including insulin and growth factors. With this in
mind, we tested the impact of insulin and IGF on the inter-
action between ClipR-59 and Elmo2. As shown in Fig. 6B,
treatment of cells with either IGF or insulin enhanced the
interaction between ClipR-59 and Elmo2 (panel i, compare
lanes 1, 2, and 3). The IGF and insulin used here are active as

FIGURE 4. The interaction between ClipR-59 and Elmo2 induces Rac1 activation. A, co-immunoprecipitation (IP) assay to show that Dock180 is present in
the Elmo2�ClipR-59 complex. Total cell lysates from COS-7 cells that were transiently co-transfected with FLAG-Dock1 and HA-ClipR-59 or HA-ClipR59 plus
Myc-Elmo2 expression vectors as indicated were subjected to immunoprecipitation with anti-HA antibody. The anti-HA immunoprecipitates were analyzed in
a Western blot with HRP-conjugated anti-FLAG (i) or anti-HA-antibodies (iii), respectively. Panels ii and iv represent the cellular levels of FLAG-Dock180 and
Myc-Elmo2. B, GST pulldown assay to show that interaction between ClipR-59 and Elmo2 increases the level of active Rac1. The total cell lysates from COS-7 cells
that were cotransfected with FLAG-Rac1 and FLAG-ClipR-59, or FLAG-Elmo2 or FLAG-ClipR-59 plus FLAG-Elmo2 were subjected to a GST pulldown assay with
recombinant GST-CRIB. The levels of Rac1 associated with GST-CRIB beads were analyzed by Western blot with anti-FLAG antibody (i). Meanwhile, total cellular
levels of FLAG-Rac1, FLAG-Elmo2, and FLAG�ClipR-59 were also examined in Western blots with anti-FLAG antibody. The lane that expressed FLAG-Dock1
served as a control in this experiment. C, densitometry of the gel in B, the levels of Rac1 associated with GST-CRIB. The level of Rac1 associated with GST-CRIB
in control cells was set as 1. The bar graphs show �S.D. (n � 3). D, GST pulldown assay to show that ClipR-59 knockdown in C2C12 cells suppressed Rac
activation. Total cell lysates from C2C12 cells that were transduced with either luciferase shRNA or expression lentivirus or different doses of ClipR-59 shRNA
expressing lentiviruses. The levels of Rac1 associated with GST-CRIB were analyzed in Western blot with anti-Rac1 antibody. Total cellular levels of Rac1,
ClipR-59, and �-tubulin were also examined in Western blots with anti-Rac1 (ii) anti-ClipR-59 (iii), and anti-�-tubulin (iv), respectively. E, densitometry of the gel
in D, the levels of Rac1 associated with GST-CRIB. The level of Rac1 associated with GST-CRIB in control cells was set as 100%. The bar graphs show � S.D. (n �
4). IB, immunoblot.
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they induced Akt phosphorylation (panels iv and v). Panels ii
and iii show the levels of Myc-Elmo2 and GST-ClipR-58 in
total cell lysates, respectively.

To further evaluate the regulation of ClipR-59 and Elmo2
interaction by insulin, we next examined the impact of insulin
on the interaction between ClipR-59 and �N2 Elmo2, which
showed a stronger interaction with ClipR-59 (Fig. 5B). As
shown in Fig. 6C, as expected, �N2 Elmo2 still showed a strong
interaction with ClipR-59 (compare lanes 1 and 3, panel i).
However, insulin treatment appeared to diminish the interac-
tion between ClipR-59 and Elmo2, suggesting that insulin treat-
ment relieved Elmo2 from an autoinhibitory status. Insulin
treatment was effective as it induced Akt phosphorylation with-
out an effect on total cellular levels of Akt (panels iv and v).
Panels ii and iii show the total cellular levels of Myc-Elmo2 and
GST-ClipR-59.

The Domain in ClipR-59 That Mediates the Interaction
between Elmo2 and ClipR-59 —To determine the domain in
ClipR-59 that mediates the interaction between Elmo2 and
ClipR-59, ClipR-59 was divided into portions 1–245 (desig-
nated as �C1) and 245–547 (designated as �N1) and the result-
ing ClipR-59 peptides were tested for their interaction with

Elmo2 in a GST pulldown assay. As shown in Fig. 7B, �C1-
ClipR-59, but not �N1-ClipR-59 was retained on GST-Elmo2
beads, suggesting that sequences within the first 245 aa residues
of ClipR-5 mediate the interaction between ClipR-59 and
Elmo2 interaction.

The first 254 aa of ClipR-59 consists of a Glu-Pro-rich
domain and three ankyrin repeats. Both are protein-protein
interaction modules. To determine whether ankyrin repeats
play a role in ClipR-59 and Elmo2 interaction, we internally
deleted ankyrin repeats from ClipR-59 (designated as �ANK
ClipR-59) and examined the interaction of �ANK ClipR-59
with Elmo2 in a GST pulldown assay. As shown in Fig. 7C,
�ANK ClipR-59 showed a similar capacity to wild-type
ClipR-59 in the interaction with Elmo2 (compare lanes 2 and 3,
top panel), ruling out the role of ankyrin repeats in the interac-
tion between ClipR-59 and Elmo2. In these experiments, we
also examined interaction of the ClipR-59 mutant �2CAP
ClipR-59 in which both CAP-Gly domains were deleted. No
alteration of interaction between Elmo2 and ClipR-59 was
observed when both CAP-Gly domains were deleted.

The notion that ankyrin repeats in ClipR-59 play no role in
the interaction between ClipR-59 and Elmo2 implies that the

FIGURE 5. aPH domain of Elmo2 mediates the interaction between Elmo2 and ClipR-59. A, the schematic representation of Elmo2 proteins and Elmo2
mutants used in this study. RBD, Rho-GTPase binding domain; EID, Elmo inhibitory domain; Elmo, Elmo domain; PXXP, SH3 domain binding motif. X represents
any amino acid residue. B1 and B2, GST pulldown assay to show that deletion of the carboxyl-terminal sequence of Elmo2 abolished the interaction between
ClipR-59 and Elmo2. Total cell lysates from COS-7 cells were transiently co-transfected with Myc-Elmo (wild-type and mutant) expression vectors plus either
pEBG (GST vector) or pEBG-ClipR-59. 36 h post-transfection, the total cell lysates were prepared and subjected to pulldown with glutathione-agarose (GST
beads). The proteins associated with GST beads were analyzed in a Western blot with anti-FLAG antibody (top). The middle panel shows the levels of Myc-Elmo2
and its mutant in TCL. The bottom panels show the levels of GST fusion proteins associated with GST beads. C, GST pulldown assay to show that the aPH domain
of Elmo3 mediates the interaction between ClipR-59 and Elmo. D, GST pulldown assay to show that the aPH domain alone is sufficient to mediate the
interaction between ClipR-59 and Elmo2. The experiments were carried out as in B except GST-aPHElmo2 and FLAG-ClipR-59 were used. These experiments were
repeated 2– 4 times with similar results. The result shown is representative. Depending on the individual assay, each experiment was repeated 3– 4 times with
similar results. IB, immunoblot.
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first 100 amino acid residues of ClipR-59 mediate the interac-
tion between ClipR-59 and Elmo2. To test this, we generated an
additional GST-ClipR-59 fusion protein in which aa 7–107
(designated as ClipR-59�E/P) and the first 245 aa (�N1) were
deleted, respectively. In GST pulldown assays, Elmo2 was
unable to be detected in either GST-ClipR-59�E/P or GST-�N1
ClipR-59 beads (Fig. 7D).

To confirm that the E/P domain of ClipR-59 alone is suffi-
cient to mediate the interaction between ClipR-59 and Elmo2, a
GST pulldown assay with recombinant GST-E/PClipR-59 and
Elmo2 protein from in vitro transcription and translations were
carried out. As shown in Fig. 7E, Elmo2 were detected in the
GST-E/PClipR-59 bead, but not GST beads alone (top). Collec-
tively, these results demonstrated that the E/P of ClipR-59
mediate the direct interaction between ClipR-59 and Elmo2.

To determine whether the interaction between ClipR-59 and
Elmo2 is required for ClipR-59 to modulate C2C12 differenti-
ation, we introduced wild-type and Elmo2 interaction defective
�N2 ClipR-59 into C2C12 cells and examined how forcing the
expression of ClipR-59 affected C2C12 differentiation. As
shown in Fig. 7E, forcing expression of ClipR-59 modestly
enhanced C2C12 differentiation (50 versus 60%) presumably
because there is a sufficient amount of endogenous ClipR-59 in
the cells. However, in sharp contrast, forcing expression of �N2

ClipR-59 reduced C2C12 cell myoblast fusion by about 50%
(Fig. 7F).

To further examine the requirement for the interaction
between ClipR-59 in the role of ClipR-59 in C2C12 differenti-
ation, we next co-transduced C2C12 cells with the lentiviral
vector expressing ClipR-59 shRNA and pMigr1 expression vec-
tor that expresses ClipR-59 or ClipR-59�E/P and examined
whether C2C12 differentiation suppressed by ClipR-59 shRNA
could be rescued, respectively. Then, viral-transduced cells
were subjected to differentiation. The control cells were co-
transduced with lentiviral vector expressing ClipR-59 shRNA
and pMigr1 empty vector, or lentiviral vector expressing lucif-
erase shRNA and pMigr1 empty vector. As shown in Fig. 7H,
ClipR-59 expression in ClipR-59 shRNA expressing cells clearly
increased the level of differentiation (panels ii and iii), which
was at a comparable level with luciferase shRNA expressing
cells (panels i and iii). On the other hand, expression of ClipR-
59�E/P has no such effect (panels iii and iv). Together, these data
argue that the interaction between ClipR-59 and Elmo2 is
required for ClipR-59 to modulate muscle differentiation.

DISCUSSION

In the present report, we have explored the role of ClipR-59
in muscle differentiation. Based on the view that ClipR-59
knockdown in C2C12 cells suppressed muscle differentiation,
without affecting the expression of differentiation markers
such as myogenin, we propose a novel function for ClipR-59 in
regulating myoblast fusion (Fig. 1). Mechanistically, ClipR-59 is
likely involved in myoblast fusion as its expression was induced
in the later stage of C2C12 differentiation (Fig. 1A) and it inter-
acted with Elmo2, which itself regulates myoblast fusion (6).
This is also in agreement with the belief that ClipR-59 plays a
role in the regulation of membrane dynamics (24).

To illustrate the mechanism by which ClipR-59 regulates
muscle differentiation, we set to identify new ClipR-59-inter-
acting proteins and identified Elmo2 using a yeast two-hybrid
screening approach. Elmo2 is essential for muscle differentia-
tion. Our data indicate that ClipR-59 and Elmo2 interact in vivo
(Fig. 2) and regulate Rac1 activation (Fig. 4), indicating the pos-
sible mechanism by which ClipR-59 modulates muscle differ-
entiation. There are three Elmo proteins in mammals. Given
the sequence similarity, Elmo proteins are believed functionally
exchangeable. Interestingly, we found that ClipR-59 preferably
interacted with Elmo2 and Elmo3 among three mammalian
Elmo proteins, indicating the possibility that each Elmo protein
may have a specific function.

To better understand the interaction between ClipR-59
and Elmo2, we have characterized the sequences in ClipR-
59 and Elmo2 that mediate the interaction between ClipR-59
and Elmo2. We found that the PH domain of Elmo2 and the
Glu-Pro-rich domain of ClipR-59 mediated the interaction
between Elmo2 and ClipR-59 (Figs. 4 and 7). The PH domain
of Elmo2 has no binding activity toward phospholipid (38),
therefore this domain is considered an atypical PH domain.
The PH domain is often associated with an acidic motif (39).
The Glu-Pro-rich domain of ClipR-59 is highly acidic. The
finding that the Glu-Pro-rich domain ClipR-59 interacts
with the PH domain of Elmo2 is in line with the notion.

FIGURE 6. The interaction between ClipR-59 and Elmo2 is regulated by
insulin. A, GST pulldown assay to show that active RhoG and Rac1 enhance
ClipR-59 and Elmo2 interaction. The total cell lysates from COS-7 cells that
were transiently co-transfected with Myc-Elmo2 expression vectors plus
either pEBG (GST vector) or pEBG-ClipR-59 with either constitutive active
RhoGG12V or Rac1G12V were subjected to a GST pulldown assay. The proteins
associated with GST beads were analyzed in a Western blot with anti-FLAG
antibody (i). Panels ii and iii show the levels of Myc-Elmo2 and GFP-tagged
RhoG or Rac in TCL. Panel iv shows the levels of GST fusion proteins associated
with GST beads. B, insulin and IGF enhances the interaction between Elmo2
and ClipR-59. COS-7 cells were co-transiently transfected with pEBG-ClipR-59
and Myc-Elmo2. 24 h post-transfection, cells were serum-deprived overnight.
After treatment with insulin (100 nm) or IGF (5 ng/ml) for 15 min, the cell total
lysates were prepared for a GST pulldown assay. The GST beads were ana-
lyzed in Western blot with anti-Myc antibody (i). The TCL were analyzed in
Western blot with anti-Myc (ii), anti-phospho-Akt (iii), and anti-GST (iv) anti-
bodies, respectively. C, similar to B, except �N2 Elmo2 was also used and the
cells were only treated with insulin. All of these experiments were repeated
three times with similar results. Where necessary, molecular mass markers are
shown on the left of the panel. IB, immunoblot.
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FIGURE 7. The amino terminus of ClipR-59 mediates the interaction between ClipR-59 and Elmo2. A, schematic presentation of ClipR-59 proteins. The
functional domains are indicated. E/P, Glu-Pro-rich domain; ankyrin, ankryin repeats; CC, palmitoylated Cys at 534 and 535. B, GST pulldown assay to show that
the amino-terminal sequence of ClipR-59 mediates the interaction between ClipR-59 and Elmo2. Total cell lysates from COS-7 cells were transiently co-
transfected with FLAG-ClipR-59 (wild-type and mutants) expression vectors plus either pEBG (GST vector) or pEBG-Elmo2 were subject to a GST pulldown assay.
The proteins associated with GST beads were analyzed in a Western blot with anti-FLAG antibody (top). The middle panel shows the levels of FLAG-ClipR-59 and
its mutant in TCL. The bottom panels show the levels of GST fusion proteins associated with GST beads. C, GST pulldown assay to show that ankyrin repeats of
Elmo2 are not required for the interaction between ClipR-59 and Elmo2. The experiments were carried out similar to B, except FLAG-�ANK-ClipR-59 (�A) and
FLAG-�2CAP-ClipR59 (�2C) were used. D, GST pulldown assay to show that the E/P domain of ClipR-59 mediates the interaction between ClipR-59 and Elmo2.
Total cell lysates from COS-7 cells that were transiently co-transfected with Myc-Elmo2 (wild-type) expression vectors plus either pEBG (GST vector) or
pEBG-ClipR-59 or pEBG-ClipR-59�E/P subjected to GST pulldown assay. The proteins associated with GST beads were analyzed in Western blot with anti-FLAG
antibody (top). The middle panel shows the levels of Myc-Elmo2 in TCL. The bottom panel shows the levels of GST fusion proteins associated with GST beads.
These experiments were repeated 2– 4 times with similar results. A representative result is shown. E, GST pulldown assay to show that the E/P domain of
ClipR-59 mediates the interaction between Elmo2 and ClipR-59 with recombinant GST-E/PClipR-59 and in vitro translated FLAG-Elmo2. Top, GST beads associated
with FLAG-Elmo2; middle, FLAG-Elmo2 input; bottom, GST fusion protein input. F, forcing expression of the Elmo2 interaction defective ClipR-59�E/P impaired
C2C12 cell differentiation. C2C12 cells were transduced with pMigR1 (left, served as a control), pMigR-ClipR-59 (middle), and pMigR ClipR-59�E/P, respectively.
48 h post-transduction, cells were switched into differentiation medium (DMEM supplemented with 2% horse serum). 72 h later, the cells were fixed and
stained with DAPI. G, quantification of C2C12 myoblast fusion. The fusion index is the ratio of GFP positive cells that contains more than 3 nuclei and total GFP
cells. Bar graphs show mean � S.D., n � 9 (fields). In all cases, p � 0.05. The scale bar is 50 �m. H, forcing expression of ClipR-59, but not ClipR-59�E/P in ClipR-59
shRNA expressing C2C12 cells rescues C2C12 differentiation. The C2C12 cells were co-transduced with lentiviral vectors that express ClipR-59 shRNA and
pMigr1 vectors as indicated. Then, the cells were differentiated and examined as described in F. The numbers under each panel are the fusion index as mean �
S.D., n � 9 (fields). In all cases, p � 0.05. IB, immunoblot.
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The atypical PH domain of the Elmo protein was required for
Elmo protein to interact with Dock protein. In our studies, we
found that the PH domain was also required for Elmo2 to inter-
act with ClipR-59. The question raised is how the same domain
mediates the interaction of Elmo2 with both proteins? Studies
of the interaction between Elmo and Dock protein revealed that
the aPH domain does not directly contact with Dock, but pro-
vides a structural determinant in that the helice (�N and �C)
before and after the PH domain along the PXXP motif were
arranged to direct contact with Dock protein (35, 38). In our
studies, we found that the aPH domain without these helices
was sufficient to interact with ClipR-59 (Fig. 5D). These studies
argue that the interaction of Elmo2 with ClipR-59 and Dock180
is through different sequences and unlikely mutually excluded.
Further analysis of the structural requirement in the Elmo2
aPH domain is required to clarify this issue.

In the current study, we used overexpressed ClipR-59,
Elmo2, as well as Dock180 to examine formation of the ClipR-
59�Elmo2�Dock180 complex. Although these studies might not
provide direct evidence that there is a complex consisting of
these three proteins endogenously, the notion that knockdown
of ClipR-59 reduced the levels of active Rac1 will argue that an
endogenous complex consisting of these proteins is likely pre-
sented in cells (Fig. 4D). Further studies are required to clarify
this issue.

Elmo2 exists in an autoinhibited status in which an intramo-
lecular interaction between the Elmo inhibitory domain and
EAD occurs (4). It is believed that the autoinhibitory status of
Elmo2 is relieved following extracellular cues. In our studies, we
found that the removal of either the Elmo inhibitory domain or
the autoregulatory domain enhanced the interaction between
ClipR-59. This suggests that the interaction between ClipR-59
and Elmo2 is subject to regulation. Supporting this notion,
we found that expression of active Rho-GTPases such as
RhoGG12V and Rac1G12V or cells stimulated with either IGF or
insulin, enhanced the interaction between ClipR-59 and Elmo2
(Fig. 6, A and B). At present, the mechanism by which Rac1,
IGF, and insulin promote interaction between Elmo2 and
ClipR-59 requires further investigation. However, the ability of
RhoG to enhance the interaction between ClipR-59 and Elmo2
could result from interaction between RhoG and Elmo2 as
Elmo2 specifically interacts with active RhoG and was found in
the ClipR-59�Elmo2 complex (Fig. 6A). Further studies are
required to clarify these issues. Regardless, our studies here
present the first experimental evidence that Elmo2 activity is
regulated by extracellular stimuli.

To determine whether regulation of muscle differentiation
by ClipR-59 required the interaction between ClipR-59 and
Elmo2, we examined impact of the Elmo2 interacting defective
ClipR-59 on C2C12 muscle differentiation and found that
Elmo2 interacting defective ClipR-59 seemed to suppress
C2C12 muscle cell differentiation (Fig. 7E), providing evidence
that the interaction of ClipR-59 with Elmo2 is required for
ClipR-59 to modulate muscle differentiation.

In summary, we have identified Elmo2 as a ClipR-59 inter-
acting protein and showed that ClipR-59 regulates myoblast
fusion. Overall, our studies suggest that by interacting with
Elmo2, ClipR-59 facilitates Rac1 activation, and thereby muscle

differentiation. Further examining the muscle development in
ClipR-59 knock-out mice will be required to better define the
role of ClipR-59.
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