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Fig. 3. Identification of affixin-binding domain in BPIX by pulldown
assay. (A) Cell lysates from COS-7 cells overexpressing T7-tagged
affixin were incubated with glutathione Sepharose 4B beads bound to
GST, GST-SH3, GST-DH, GST-PH and GST-CC. Domain structures
of BPIX are shown at the top. After overnight incubation at 4 °C, the
beads were washed and bound proteins were subjected to immuno-
blotting with anti-T7 polyclonal antibody. A band at 50 kDa, which
corresponds to T7-affixin, was detected in GST-DH and GST-PH.
GST fusion proteins used for the pulldown assay were stained with
coomasie brilliant blue. GST, GST-SH3, GST-DH, GST-PH and
GST-CC domains have molecular masses of 26, 32.8, 46.6, 38 and
32.3 kDa, respectively. (B) Bacterially expressed (His)e-tagged RP1
and RP2 were purified and incubated with GST-BPIX domains as
described above. The proteins bound to GST fusion proteins were
subjected to immunoblotting using anti-(His)e antibody.

ing T7-affixin were incubated with GST fusion proteins carry-
ing each domain of human BPIX bound to ghitathione Sephar-
ose 4B. Fig. 3A shows that the DH and PH domains of PIX
can interact with T7-affixin, whereas the SH3 and CC domains
of BPIX failed. PH domain of BPIX showed higher affinity to
T7-affixin than DH domain of PPIX. To examine whether
affixin-RP1 directly binds to DH and PH domains. of BPIX,
pulldown assay was performed using bacterially expressed
(His)s-tagged RP1 instead of cell lysate. As shown in
Fig. 3B, (His)s-tagged RP1 was bound to DH and PH domains
of BPIX, whereas (His)s-tagged RP2 failed to interact with any
domain of PPIX. PH domain of BPIX showed higher affinity
to (His)¢-tagged RP1 than DH domain of BPIX. These results
were consistent with the result of a pulldown assay using cell
lysates and suggest direct interaction between affixin and
BPIX.

3.4. Racl but not Cdc42 is activated in C2CI2-affixin cells
The reorganization of cytoskeletal actin is regnlated by Rho
family small GTPases. PPIX is known as a specific GEF for

1193

Total Rac Rac-GTP  Total Cdc42 Cdc42-GTP

C2C12-affixin
C2C12-affixin
C2C12-affixin

caciz

c2C12
il c2c12-affixin

W

3] C2C12

Fig. 4. Pulldown assay of active Racl and Cdc42. C2C12-affixin and
C2C12 cells were lysed and incubated with glutathione Sepharose 4B
conjugated with GST-p21-binding (CRIB) domain (residues 67-150)
of human PAK-1. The CRIB domain specifically associates with Rac-
GTP and Cdc42-GTP. The total amounts of Racl and Cdc42 were
assessed by the immunoblotting using the cell lysates.

Racl/Cdc42 and induces membrane ruffling [13]. To examine
whether Rac1/Cdc4? is activated in the C2Cl12-affixin cells, a
pulldown assay was performed using GST-fusion protein de-
rived from PAK, the effector protein of Racl and Cdc42. Cell
lysates from C2C12-affixin and C2C12 cells were incubated
with GST-p21 binding domain of PAK bound to glutathione
Sepharose 4B. This analysis revealed increased level of Racl-
GTP in the C2C12-affixin cells (Fig. 4). There was no signifi-
cant difference in Cdc42-GTP. The total expression levels of
Racl and Cdc42 protein in the C2C12-affixin were equivalent
to the C2C12 cells. These results indicate that the exogenous
expression of affixin can activate Racl but not Cdc42 in
C2C12 cells.

3.5. Dominant-negative BPIX suppresses lamellipodium
Jformation in the C2CI2-affixin cells

Activation of Racl is mediated by GEFs including PPIX
[20]. To examine the involvement of BPIX in lamellipodium
formation observed in the C2C12-affixin cells, the HA-tagged
dominant negative mutant of BPIX were introduced into the
C2C12-affixin cells. Exogenous BPIX and affixin were labelled
with anti-HA and anti-T7 antibodies, respectively. As shown
in Fig. 5, the C2C12-affixin cells overexpressing wild type
BPIX form lamellipodia as observed in the C2Cl2-affixin cells
without transfection. In contrast, dominant negative mutant of
BPIX (L238R, L239S) suppressed the lamellipodium forma-
tion in the C2CI12-affixin cells. The association of dominant
negative BPIX and affixin was confirmed by an immunoprecip-
itation study using COS-7 cells (data not shown). Similar inhi-
bition of lamellipodium formation was observed in the C2C12-
affixin cells transfected with dominant negative mutant of
oPIX. In C2C12-affixin cells transiently transfected with dom-
inant negative mutants of PIX, expression level of affixin, a
and PPIXs was equivalent to C2C12-affixin cells without trans-
fection on immunoblot (data not shown). These results suggest
that both a and PPIXs are necessary for the lamellipodium for-
mation in the C2C12-affixin cells.

4. Discussion

Lamellipodium is the dynamic actin-based structure and its
formation is mediated by the activation of Rho family small
GTPases and their effector proteins. Small Rho GTPases are
activated by GEFs, which catalyze exchange of GDP for
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Fig. 5. Immunofluorescence analysis of the C2C12-affixin cells transformed with the dominant negative mutants of PIXs. The C2Cl2-affixin cells
were transfected with wild type or dominant negative mutants of PIXs, «PIX (1.383R, L384S) and BPIX (L238R, L239S). Exogenous PIX and affixin
were simultaneously immunolabeled with anti-HA and anti-T7 antibodies, respectively. Scale bar, 20 ym.

GTP. GEFs are regulated by protein—protein interaction, olig-
omerization and relief of intramolecular inhibitory sequence
[21]. More than 60 GEFs including PIXs have been identified
in human genomic sequences [22]. PPIX expression levels are
highest in skeletal muscle by Northern blot analysis using
KIAA clones as probes (KIAA0142, http:/f'www.kazu-
sa.or jp/huge/gfimage/northern/html/KTAA 0142 himl).

In C2Cl12 cells, exogenous expression of affixin induced
prominent lamellipodia. Accumulated BPIX, together with
ILK was observed at the tips of lammelipodia and co-localized
with affixin. The interaction of affixin and BPIX was confirmed
by immmunoprecipitation and pulldown assays. These data

suggest that affixin could promote reorganization of subsarco-
lemmal actin cytoskeleton associated with accumulation of
GEFs.

We previously demonstrated that Madin-Darby canine kid-
ney cells overexpressing CH1 domain of affixin formed mem-
brane protrusions, while control cells transfected with lacZ
showed a cobble-like morphology [6]. This CH1-induced reor-
ganization of cytoskeletal actin is mediated by the activation of
both Racl and Cdc42 through aPIX. Interestingly, only Rac!
but not Cdc42 is activated in the C2C12-affixin cells used for
this study. aPIX has been reported to contain Rac-specific
interaction domain at C-terminus of PH domain [23]. When
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oPIXs form a homodimer, the DH domain of one molecule
and Rac-specific interaction domain of another molecule work
together and bind Rac specifically, whereas monomeric oPIX
can interact with Cdc42 as well as Rac. Despite the lack of a
Rac-specific interaction domain, BPIX binds directly and acti-
vates Racl specifically but not Cdc42 in human embryonal
kidney 293 cells [24]. Previous study using yeast two hybrid
system [18.19] and our immunoprecipitation results have
shown that a and PIX form heterodimers in the C2C12-affix-
in cells (Fig. 2A), although their specificity for small GTPase
remains unclear. We have also shown that lamellipodium for-
mation in the C2C12-affixin cells was inhibited by overexpres-
sion of dominant negative forms of o or BPIX (Fig. 5). From
these results, we suspect that the DH domain of BPIX and the
Rac-specific interacting domain of «PIX work together and
activate specifically Racl. Further analyses are needed to elu-
cidate the precise regulation of GEF activity of both PIXs in
C2C12-affixin cells.

Lamellipodium formation is essential for cell motility. In
epithelial cell monolayer, the cells around the wounded edge
form lamellipodia and activation of Racl but not Cdc42 or
Rho is required for wound closure [25). Similarly, activated
satellite cells form lamellipodia and migrate around the in-
jured lesion during skeletal muscle regeneration [26). Very re-
cently, dysferlin reportedly localized in the T-tubule system of
differentiating C2C12 cells and was recruited to the wounded
site [27). Dysferlin is known to have an important role in
skeletal muscle wound healing [11]. In response to the sarco-
lemmal injury of muscle fibers, dysferlin patch was formed

- around wounded sites for resealing in a calcium-dependent
manner. Calcium-dependent membrane resealing is also re-
ported in wounded Xenopus oocyte, where Cdc42 and RhoA
are activated [28). Membrane repair is composed of two pro-
cess: plasma membrane resealing and reorganization of sub-
sarcolemmal cytoskeleton [29]. Accumulation of dysferlin
and activation of Racl via PIXs in the lamellipodia of
C2C12-affixin cells may suggest the involvement of these mol-
ecules in sarcolemmal repair followed by cytoskeletal actin
reorganization.

In conclusion, exogenous expression of affixin promotes
lamellipodium formation in C2C12 myoblasts via activation
of Racl by a and BPIXs. Reorganization of cytoskeletal actin
mediated by affixin may be involved in the skeletal muscle dys-
ferlin-related membrane repair system.
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