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Colocalization of ¢-Subunit of Gq Protein with Actin Filaments in L8E63 Cells
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The present study investigated the cellular localization of a-subunit of Gq
(Gaq) protein in developing L8E63, rat skeletal muscle cell line. The
colocalization of Gaq with actin cytoskeleton was demonstrated by
double-labeling experiments. In mononucleated myoblasts, the immuno-
fluorescence staining pattern of Gaqg was aimost identical with that of
F-actin visualized with rhodamine-conjugated phalloidin. However, this
colocalization of Gag with cytoskeleton was not maintained in multinu-
cleated myotubes. The staining pattern of Gaq in myotubes did not
match with any specific subcellular structure, but appeared as a uniformly
distributed diffuse staining throughout the whole cell surface. Interestingly,
change in the expression level of Guq was not detected during myoblast
differentiation, suggesting that actin-associated Gaq protein might dis-
sociate from the cytoskeleton as cells differentiate. Immunocytochemical
experiments using specific antibodies directed against several G proteins
indicated that the subcellular localizations of Gail, Gai2, Gai3, and Gao
were different from those obtained with Gagq.

Guanine nuclectide-binding proteins (G protein) are
involved in many signal transduction processes in a
variety of cells. Many different kinds of transmem-
brane receptors, such as hormone, neurotransmitter,
and sensory receptors, are coupled via G proteins to
a variety of effectors, including adenylyl cyclase,
phospholipases, phosphodiesterases, and potassium
and calcium channels (Birnbaumer, 1992; Neer,
1995). Heterotrimeric G protein, which is composed
of a, B, and Y subunits, constitutes a large family ot
proteins that relay signals from cell surface receptor
to the intracellular effector. Gg class of G proteins
include four different a subunit members, aq, a1, dis,
and aie (Simon et al, 1991). All the a subunits of
the Gq class of G proteins are known to activate
phospholipase C-B isozymes (Blank et al., 1991,
Jhon et al, 1993) which generate two important se-
cond messengers, diacylglycerol (DAG) and inositol
1, 4, 5-triphosphate (IP;) by hydrolyzing phosphatidyl
inositol 4, 5-bisphosphate (PIP.). Gaq is widely dis-
tributed in tissues and cell lines. Gaq is known to
mediate responses to many stimuli such as vaso-
pressin, bombesin, angiotensin H, m;, ms muscarinic
agonists and, a, adrenergic agonists which activate
phospholipase C via a pertussis toxin insensitive
manner (Lee and Rhee, 1995). Although the mecha-
nisms of receptor-mediated Gaq activation and coupl-
ing to Phospholipase C-p isozymes have been ex-
tensively studied, little information is available on the
celluar localization of Gaq protein. Recently, Ibarrondo
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et al. (1995) reported close association of Gaq pro-
tein with actin filaments in WRK1 cell, a rat mammar
tumor cell line. However, Vaziri and Downes (1992)
reported that Gaq was readily detectable in plasma
membranes and in ghosts from turkey erythrocytes
but was absent from cytoskeleton preparations.
Similiarly, Wilson et al. (1994) reported that in semi-
thin sections of rat pituitary, anti-Gaq antibodies pre-
dominantly labeled the plasma membrane of most
cels and only weakly stained the Golgi region.
Therefore, the localization of Gaq protein appears
to be different depending on cell types. G proteins
have been reported to interact with cytoskeletal
proteins. Drugs that disrupt cytoskeietal structures,
such as cytochalasin or colchicine, were shown to
alter the generation of second messengers in a
variety of cell types like neutrophils, platelets, lym-
phocytes, myometrial cells, and frog adrenocortical
cells (Painter et al., 1987; Nakano et al., 1989; Leiber
et al, 1993). There is evidence for a compart-
mentation of the a subunit of the G protein involved
in the adenylyl cyclase inhibition (Ga)) in the coupl-
ing of muscarinic, opiate, and a-adrenergic recep-
tors to their effectors in NG108-15 cells, probably
mediated by the cytoskeleton (Graeser and Neubig,
1993). Lateral cosegregation of receptors and Gai
during capping in lymphocytes has been shown to
be dependent on cytoskeletal reorganization (Bourg-
uignon et al., 1990). Gdi in human neutrophils and B
subunits of G proteins in S49 lymphoma cells have
been found to be associated with cytoskeletal st-
ructures (Caison et al, 1986; Sarndahal et al,
1993).
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The fusion of mononucleated myoblasts to form
multinucleated myotubes is a striking morphologic
event that is unique to the differentiation of skeletal
muscle. Because the differentiation of many cloned
myogenic cell lines grown in vitro rather faithfully
mimics in vivo development, such cells have pro-
vided a convenient mode! system in which to exa-
mine developmental regulation, gene expression, and
biochemical differentiation. As cells differentiate, their
signaling characteristics change, cytoskeletons are
reorganized, and new pathways are expressed and
integrated into the function of the cell. The aim of
the present study was to investigate celiular locali-
zation of Gag in L8EB3 rat myogenic cells which
progressively differentiate from mononucleated myo-
blasts to multinucleated myotubes in culture, and the
possible changes in cellular distribution of Gag
during myogenesis.

Materials and Methods

Materials

Dulbecco’s modified Eagle’s medium (DMEM), trypsin,
antibiotics (penicillin-streptomycin solution and fungi-
zone) were obtained from Gibco BRL. Horse serum
was purchased from Biofluids. Rhodamine-conjugated
phalloidin was from Molecular probes. Cytochalasin
D, and fluorescein isothiocyanate (FITC)-conjugated
goat anti-rabbit 1gG antiserum were from Sigma.
Alkaline phosphatase-conjugated 1gGs were from
Jackson Immunology. Nitroblue tetrazolium (NBT) and
5-bromo-4-chloro-3-indolyl phosphate (BCIP) were
from Promega.

Antibodies

The carboxyl-terminal dodecapeptide of Gaq, ILQLNL-
KEYNLV, was synthesized, cross-linked to Keyhole
lympet hemocyanin (KLH) using glutaraldehyde, and
used to generate antibodies in New Zealand White
rabbit. Other G protein antibodies, RM1 for Gas and
Gaor, AS/7 for Ga;y and Gaiz, and EC2 for Gas and
Ga, were obtained from Du Pont.

Cells and culture conditions

E63 cells, a myogenic clone isolated from L8 rat
skeletal myoblasts, were grown at 37C in a humi-
dified atmosphere containing 10% CO. in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
10% horse serum, 100 units/ml penicillin, 100 pg/ml
streptomycin, and 250 ng/ml amphotericin B. For
maintaining cells in proliferating myoblast stage, cells
were subcultured every three days. Cells cultured for
6-8 days without changing the medium started the
differentiation process and formed multinucleated myo-
tubes.
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Immunofluorescence staining

Cells were grown on glass coverslips coated with
0.1% gelatin. Cells on coverslips were rinsed in
Dulbecco’s phosphate-buffered saline, pH 7.5 (DPBS),
fixed in 3.7% paraformaldehyde in PBS for 10 min at
room temperature, rinsed three-times in PBS. The
cells were permeabilized with 0.1% Triton X-100 in
PBS for 2min at room temperature. The cells were
rinsed three-times in PBS and incubated for 1h at
37°C with the primary antisera in 3% BSA. After
incubation with the primary antisera, the cells were
rinsed with PBS and then incubated with FITC-
conjugated goat anti-rabbit immunoglobulin for 40 min
at rcom tempature. The cells were washed again
with several changes of PBS, mounted in mounting
solution (Sigma), and observed with a fluorescence
microscope (Leica).

Preparation of cell extracts

Cells were cultured in 100 mm culture dishes for the
indicated times and washed twice with cold PBS.
The cells were scraped into microcentrifuge tube and
lysed by sonication. The cell lysates were quantified
using the BCA protein assay kit (Pierce. Co.). Same
amounts of proteins were boiled in SDS sample
buffer for 5min and electrophoresed in 10% SDS-
polyacrylamide gel. The separated proteins were
transferred to nitrocellulose paper for immunoblotting.

Immunoblotting

The nitrocellulose membrane was washed three
times with Tris-buffered saline, pH 7.4, containing
0.05% Tween 20 (TBST) and incubated with primary
antibody for 3h followed by alkaline phosphatase
conjugated goat anti-rabbit immunoglobulin for 1 h at
room temperature. After three washes with TBST,
immunoreactive proteins were visualized with NBT
and BCIP in 150 mM NaCl, 5mM EDTA, and 100
mM Tris HCI, pH 9.5.

Results

Indirect immunofluorescence staining combined with
confocal microscopy was used to deternine the
cellular distribution of Gag in LBE63 myogenic cells
in culture. Cells cultured for 3 days were actively
dividing mononucleated myoblasts. Images of hori-
zontal sections of these cells obtained by using
confocal microscopy revealed that Gaq is associated
with the plasma membrane and intracellular struc-
tures resembling actin filaments (Fig. 1). To examine
whether this staining pattern is maintained during
myogenesis, the cellular distributions of Gaq in
mononucleated myoblasts (Fig. 2A) and in multinu-
cleated myotubes (Fig.2B) were compared. Inter-
estingly, the actin filament-like pattern of Gag-immu-



Fig. 1. Localization of Gaq in L8BEB3 cells. L8EB3 celis cultured for
3 days were fixed, permeabilized and immunostained with anti-Gag
antiserum. The cells were visualized by FITC-conjugated anti-rabbit
1gG. Images of serial horizontal sections of cells in 1 um-interval were
obtained by using confocal microscopy (B). Images from top to
bottom of cells are arranged from upper-left to lower-right of the
panel. The enlarged image of a horizontal section obtained from
bottom of celis is shown in (A).

noreactive structures disappeared in multinucleated
myotubes (Fig. 2B). However, the loss of staining
pattern seemed not due to the loss of immuno-
reactivity. The Gag-immunoreactivity appeared uni-
formly distributed over the whole cell surface in multi-
nucleated myotubes. This observation complied with
the results obtained in immunoblots where anti-Gaq
antibody did not detect noticeable changes in the
expression level of Gaq protein during myogenesis
from myoblasts to myotubes (Fig.3). Judging from
the expression level of myosin heavy chain (MHC)

Fig. 2. Changes in the distribution of Gaq in L8E63 cells during
myogenesis. L8E6B3 cells cultured for 3 days (A), or 9 days (B) were
immunostained with anti-Gaq antiserum, and visualized by FITC-
conjugated anti-rabbit 19G.
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Fig. 3. Immunoblotting of Gaq in L8E63 celis during myogenesis.
Lysates were prepared from LBEB3 cells cultured for indicated times.
The samplies (60 g each) were separated by SDS-PAGE and trans-
fered to nitrocellulose membrane. The membrane was incubated with
antibodies against Gag or myosin heavy chain (MHC). MHC was
used as a marker molecule to indicate the degree of myoblast differ-
entiation.

and morphological changes, L8E63 cells started
differentiation process after 6 days in culture and
formed fully differentiated myotubes after 8 days in
culture. The disappearance of the actin filament-like
staining pattern of Gag was not due to the de-
creased expression of Gaq protein in myotubes but
due to the change of cellular localization of Gag
protein during myogenesis. To confirm whether Gag
and actin filaments are colocalized in the myoblast,
double-labeling experiments were performed using
anti-Gaq antibody and rhodamine-conjugated phalloi-
din which specifically binds to F-actin. The double-
labeling experiments by anti-Gag antibody and
phalloidin revealed almost identical distribution pat-
terns of Gag and F-actin in LBEB3 myoblasts (Fig.
4A and B). In a situation where F-actin filaments
were disorganized by treatment with 1.5 M cytochala-
sin D, the distribution of Gag and F-actin filaments
was markedly altered, but their colocalization was
preserved (Fig.4C and D). To examine whether the
colocalization of Gaq protein with actin filaments is a
general feature for heterotrimeric G proteins, the
cellular localizations of other heterotrimeric G proteins
were analyzed by immunofluorescence staining. The
staining pattern with antibody RM1, which is directed
against Gas and Gaor, displayed a similiar pattern
with the Gaq staining patterns in myoblasts but less
apparent (Fig.5A). Again, the actin filaments-like
staining pattern was not detectable in myotubes able
in myotubes (Fig. 5B). Staining using AS/7, which
recognizes Gan and Gap, showed that these
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Fig. 4. Colocalization of Gaq and actin cytoskeleton in L8E63 cells and effects of cytochalasin D treatment. Cells cultured for 3 days were
incubated 90 min at 37 with 1.5uM cytochalasin D (C and D) or with vehicle (A and B). Cells were then fixed, permeabilized, and stained by
double-labeling with anti-Gaq antiserum(A and C) followed by rhodamine-conjugated phalloidin (B and D). In A and C, second antibody was a

FITC-conjugated anti-rabbit 1gG.

proteins were distributed in structures resembling
Golgi apparatus and perinuclear region in myoblasts
(Fig. 5C). However, the bright staining pattern was
less apparent in myotubes, and most of the staining
pattern except for the perinuclear region disappeared
(Fig. 5D). Immunoreactivity with EC2, specific for Ga;s
and Ga,, revealed that these G proteins localized to
nuclear membranes and this staining pattern was
retained in myotubes (Fig. 5E and F).

Discussion

We have demonstrated that Gaq protein is closely
associated with actin filaments in myoblasts. Whether
this association is a direct interaction of Gaq with
actin filaments or an indirect interaction via actin
binding proteins remains to be clarified. However, the
preservation of association even in a situation where
F-actin filaments were disorganized by treatment with
1.5uM cytochalasin D, suggest that binding of Gag
protein to F-actin is tight. A similar observation was
obtained in WRK; cell where the association of Gaq
protein with F-actin was preserved even after
cytochalasin D treatment (lbarrondo et al., 1995).
Fig.2 shows that there is a striking difference in
cellular localization of Gaq between myoblasts and
myotubes. The anti-Gag immunoreactive structures
resembling F-actin filament can be observed clearly
in mononucieated myoblasts but not in multinucleated
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myotubes. However, the immunoblot experiment re-
vealed that such a difference does not mean the
decrease in the expression level of Gaq protein in
myotubes (Fig. 3). These results suggest that the
disappearence of the staining pattern of Gaq may be
due to the translocation of Gaq during myogenesis.
The significance of this change in subcellular local-
ization of Gug during myogenesis remains unclear.
The differentiation of skeletal muscle in vivo and in
vitro is accompanied by dramatic morphological chan-
ges leading to the fusion of mononucleated myo-
blasts into multinucleated myotubes. As cells differ-
entiate, their signaling characteristics change. Sti-
mulation of G protein-coupled receptors activates
multiple signalling cascades, including tyrosine kinas-
es, phospholipase C, and ras pathway (Yang et al.,
1994; Moolenaar, 1995). The cytoskeleton may pro-
vide the site where these signal transducing mole-
cules, including G proteins, assemble and interact
with each other, resulting in cross- talk of signalling
pathways (Coulter and Rodbell, 1992; Luna and Hitt,
1992). Alternatively, the cytoskeleton may be directly
involved in the G protein-mediated signa! transducing
events. It was reported that Gq protein was involved
in actin  polymerization in Swiss 3T3 cells (Craig
and Johnson, 1996). Phospholipase C-B is an effector
of Gq protein. There is a variety of regulatory pep-
tide factors and hormones that lead to the activation
of phospholipase C-B (Lee and Rhee, 1995). It has
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Fig. 5. Distribution of several heterotrimeric G proteins in L8E63 myogenic cell lines. Cells were fixed, permeabilized, and immunostained with
RM1 (rabbit anti-Gas and -Gaor, A and B), AS/7 (rabbit anti-Ga, and -Gap, C and D). or EC2 (rabbit anti-Gus and -Ga,, E and F). Second
antibody was a FITC-conjugated anti-rabbit IgG. A, C, E; 3 day after culture. B, D, F; 8 days after culture.

been reported that PIP,, membrane phospholipid
which is hydrolyzed upon phospholipase C activation,
interacts specifically with the actin-capping protein
profilin. This association disrupts the profilin actin
complex, thereby increasing the monomeric actin
available for polymerization (Goldschmidt-Clermont et
al., 1990). Therefore, stimulation of phospholipase C-
¢ activity by Gq protein may influence on the actin
cytoskeletal organization. This modulation may be
more critical in the actively proliferating myoblasts
which need more dynamic changes in actin cyto-
skeletons than in differentiated nonproliferating myo-
tubes. However, the similar level of Gaq expression
in myotubes also indicates that this G protein may
have different functions in nonproliferating myotubes.
Immunocytochemical experiments using specific anti-
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bodies directed against several G proteins indicate
that the subcellular localization of Gai, Gdaip, Gais,
and Ga, differ from those obtained with Gaq (Fig. 5).
These results suggest that different signaling path-
ways mediated by a specific G protein may exist
locally within the cell. By confining a specific G
protein to local regions of the cell, their ability to
transduce signals could be more effective.
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