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Summary Striated muscle represents one of the best models for studies on Ca2+ signalling. However, although much
is known on the localisation and molecular interactions of the ryanodine receptors (RyRs), far less is known on the
localisation and on the molecular interactions of the inositol trisphosphate receptors (InsP3Rs) in striated muscle cells.
Recently, members of the Homer protein family have been shown to cluster type 1 metabotropic glutamate receptors
(mGluR1) in the plasma membrane and to interact with InsP3R in the endoplasmic reticulum of neurons. Thus, these
scaffolding proteins are good candidates for organising plasma membrane receptors and intracellular effector proteins
in signalosomes involved in intracellular Ca2+ signalling. Homer proteins are also expressed in skeletal muscle, and the
type 1 ryanodine receptor (RyR1) contains a specific Homer-binding motif. We report here on the relative sub-cellular
localisation of InsP3Rs and Homer proteins in skeletal muscle cells with respect to the localisation of RyRs. Immunoflu-
orescence analysis showed that both Homer and InsP3R proteins present a staining pattern indicative of a localisation
at the Z-line, clearly distinct from that of RyR1. Consistent herewith, in sub-cellular fractionation experiments, Homer
proteins and InsP3R were both found in the fractions enriched in longitudinal sarcoplasmic reticulum (LSR) but not in
fractions of terminal cisternae that are enriched in RyRs. Thus, in skeletal muscle, Homer proteins may play a role in
the organisation of a second Ca2+ signalling compartment containing the InsP3R, but are apparently not involved in the
organisation of RyRs at triads.
© 2002 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Changes in intracellular Ca2+ concentration control a va-
riety of cell functions, such as cell division, secretion and
gene expression [1]. Key elements for Ca2+ signalling are
specialised Ca2+ channels located on the plasma mem-
brane and intracellular Ca2+ release channels located
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on the sarco/endoplasmic reticulum. Ca2+ uptake and
release from intracellular stores have been best char-
acterised in skeletal muscle, where ryanodine receptors
(RyRs) Ca2+ release channels play a pivotal role in mus-
cle excitation–contraction coupling [2–4]. Several studies
have demonstrated that, in skeletal muscle, RyRs are ac-
tivated by mechanical coupling by the dihydropyridine
receptors (DHPRs), the plasma membrane L-type Ca2+

channels that sense membrane depolarisation. There-
fore, excitation–contraction coupling in skeletal muscle
requires a highly organised localisation of RyRs on the
sarcoplasmic reticulum terminal cisternae membrane
from where they contact the DHPRs that are clustered in
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groups of four along the T-tubule [2]. Growing evidence
indicates the existence of a complex Ca2+ signalling ma-
chinery that, in addition to DHPRs and RyRs, contains
many other proteins that may have a structural and/or
regulatory role on RyR channel activity [5–7]. In addition
to RyRs, skeletal muscle also expresses the inositol trispho-
sphate receptors (InsP3R) Ca2+ release channels, although
their localisation and molecular interactions are far less
understood. In the past years, a family of proteins termed
Homer has been identified and shown to mediate the
clustering of metabotropic glutamate receptors (mGluRs)
group 1 [8–12]. Various Homer isoforms exist, where
N-terminal domains contain in all cases an ENA/VASP ho-
mology domain 1 (EVH1) that seems to be responsible for
their interaction with other proteins through the recog-
nition of a proline-rich sequence (PPxxF). The C-terminal
domain of the long Homer isoforms contains a coiled-coil
structure, which is responsible for their multimerisa-
tion, leading to the formation of a scaffold that seems
to regulate the localisation of group 1 mGluRs [12–14].
In addition to their ability to bind mGluRs, Homer pro-
teins have been shown to interact with the InsP3R Ca2+

release channel in neuronal synapses [15,16], suggesting
that Homer could link signalling proteins in the plasma
membrane with the endoplasmic reticulum. Interestingly,
the proline-rich Homer-binding motif is present also in
the RyR1 isoform and in the �1s and �1a sub-units of
the DHPR, raising the possibility that Homer could have
a role in the organisation of the Ca2+ signalling pathway
involving RyRs and/or InsP3Rs in skeletal muscle, in anal-
ogy with the model proposed in neurons. To address this
question we have examined the sub-cellular localisation
of InsP3R Ca2+ release channels and of Homer proteins in
skeletal muscle and experimentally verified the potential
interaction between Homer and RyRs.

MATERIALS AND METHODS

Cloning of Homer isoforms

PCR amplification of Homer isoforms was carried
out using the mouse skeletal muscle Matchmaker-
Maraton ready cDNA (Clontech) as template. The primers
used in this study were modified including EcoRI and
BamHI restriction sites (underlined sequences): mHom1F
(5′-CCGAATTCATGGGGGAGCAACCTATCTTCAG-3′),mH-
om1LR (5′-GCGGATCCGCTGCATTCCAGTAGCTTGGCC-
AAATT-3′), mHom1aR (5′-GCGGATCCCTTAATCATGATT-
GCTGAATTGAATGT-3′) for amplification of Homer 1b/c
and 1a cDNAs, respectively; mHom2F (5′-CCGAATTC-
ATGGGAGAACAGCCCATCTTCAC-3′), mHom2R (5′-GC-
GGATCCGTTATCTGTGCCTAACTTGGAGAG-3′) for ampli-
fication of the Homer 2a and 2b. The amplified sequences
of Homer 1a, 1b, 2a and 2b included the entire open

reading frame and were cloned in the pGEX4T1 vector.
All constructs were confirmed by sequencing.

Antibodies

Homer-specific antibodies were prepared using the full
length Homer 1a and 2b sequences expressed in the
pGEX4T1 vector. Fusion proteins were expressed in bac-
teria, purified on glutathione-sepharose beads and the
isolated proteins were used to immunise New Zealand
White rabbits according to standard procedures [30].
Homer antibodies against the N-terminal region of Homer
proteins have been previously described [11]. Various
types of anti-InsP3R antibodies were used. In particular,
we used Rbt475, a newly developed antibody directed
against amino acids 127–141 of human InsP3R1. Its epi-
tope is completely conserved between all InsP3R isoforms
and Rbt475, therefore, recognises the various InsP3R iso-
forms with similar affinity ([31]; Parys, unpublished re-
sults). Rbt475 was affinity-purified before use and stored
in PBS containing 1% bovine serum albumin and 0.01%
NaN3. The type 1 InsP3R-specific antibodies Rbt03 and
Rbt04 have been previously described [32]. Commercial
antibodies were from the following companies: antibodies
against RyRs (mab 34C, Alexis Corporation, San Diego,
CA, USA); DHPR1�s (MA3-920, Affinity BioReagent Inc.,
Golden, CO, USA); desmin (Clone DE-B-5, Boehringer
Mannheim, Boehringer, Germany); and anti-mGluR1a
(Chemicon International Inc., Temecula, CA, USA).

Pull-down experiments

For the analysis of mGluR1a and InsP3R, mouse cere-
bellum was homogenised in Tris–HCl 50mM, pH 7.4,
EDTA 1mM, PMSF 1mM and inhibitor protease cock-
tail 50�l/g (Sigma) using a Dounce apparatus. CHAPS
was subsequently added to a final concentration of 1%
and the homogenate was solubilised for 2h at 4 ◦C on a
wheel. The lysate was then centrifuged at 80,000× g for
90min. For pull-down experiments, 500�g of cerebellar
extract was incubated with the appropriate GST-fusion
protein for 2h at 4 ◦C. Glutathione beads were washed
extensively in TEC buffer (Tris–HCl 50mM, pH 7.4, EDTA
1mM, CHAPS 1%). Proteins were separated by SDS–PAGE
and immunoblotted with the antibodies anti-mGluR1a
(0.1�g/ml) and anti-InsP3Rs (Rbt475, diluted 1:5000).
For the analysis of RyRs, mouse hind limbs were ho-

mogenised in Tris–HCl 50mM, pH 7.4, NaCl 150mM,
PMSF 1mM and inhibitor protease cocktail 50�l/g
(Sigma). Triton X-100 was added at a final concentration of
0.25% and the microsomes were solubilised for 2h at 4 ◦C
on a wheel. The lysate was then centrifuged at 80,000× g
for 90min and the resulting supernatant was used for
pull-down assays. For each pull-down experiment, 600�g
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of hind limb extract were incubated with the GST-fusion
proteins for 2h at 4 ◦C and the beads were washed exten-
sively in Tris–HCl 50mM, pH 7.4, NaCl 150mM and Triton
X-100 0.25%. In alternative experiments, CHAPS was used
as a detergent instead of Triton X-100 to solubilise micro-
somes from skeletal muscle, but no significant difference
was observed, although use of Triton X-100 resulted in
a reduction of non-specific binding with muscle extracts.
Proteins were separated by SDS–PAGE and immunoblot-
ted with anti-RyR antibody (34C, 1:5000; Alexis). To con-
firm that equivalent amount of GST-fusion proteins were
used in the pull-down assays, 10% of the fusion protein
used for the pull-down experiments was analysed by on
SDS–PAGE and visualised using Coomassie staining.
For binding affinity quantification, pull-down assays

were performed using 30�g of GST-Homer 1b fusion
protein with increasing amounts of cerebellum lysate or
of skeletal muscle solubilised microsomes for the study
of mGluR1 and InsP3R and of RyR1, respectively.

Western blot analysis

Samples were diluted in sample buffer (62.5mM Tris–HCl,
pH 6.8, 10% glycerol, 2% SDS, 0.7M �-mercaptoethanol
and 0.0025% bromophenol blue), separated on 5%
SDS–PAGE gels (for RyR and InsP3R detection) or on 12%
SDS–PAGE gels (for Homer detection) and transferred to
Immobilon membranes (Millipore Corp.). The membranes
were then incubated overnight at 4 ◦C in 5% non-fat dry
milk dissolved in PBS–T solution (0.1% Tween-20 in PBS)
to reduce non-specific background and then incubated
with specific primary antibodies for 1h at room temper-
ature. After extensive washing, the blots were incubated
for 1h with anti-rabbit peroxidase-conjugated secondary
antibodies (Sigma) diluted 1:30,000 in PBS–T solution.
The secondary antibodies were detected using a lumines-
cence method (Super Signal Dura, Pierce) and recorded
by exposure to X-ray film.

Immunofluorescence analysis

Adult mouse skeletal muscles were cut into small pieces,
incubated in PBS containing 5% dimethyl sulfoxide
(DMSO) for 5min. After being immerged in a small vol-
ume of OCT compound (Miles), the samples were quickly
frozen in liquid nitrogen. Cryosections from approxi-
mately 5�m were cut in a Leitz cryostat (Leitz Wetzelar
GMBH), mounted on positively charged slides and stored
at −20 ◦C for immunofluorescence experiments. The
slides were subsequently fixed in 4% paraformaldehyde
for 10min at 4 ◦C and processed for immunocytochem-
istry experiments. The specimens were first incubated
for 30–60min with TBS–Tween-20 plus 5% normal goat
serum (Sigma) to reduce non-specific staining and then

incubated with the specific primary antibodies for 1h
or overnight, in a humidified chamber. Primary antibod-
ies were visualised using fluorochrome-conjugated sec-
ondary antibodies. For double staining experiments, the
two primary antibodies were mixed together and used as
described earlier; rabbit primary antibodies were detected
with anti-rabbit Alexa 488-conjugated secondary antibod-
ies (Molecular Probes, OR, USA), while mouse antibodies
were detected with anti-mouse Cy3-conjugated secondary
antibodies (Jackson Immunoresearch Laboratories). The
specificity of the secondary antibodies was evaluated by
staining the samples following omission of the primary
antibodies. After extensive washing with TBS–Tween-20,
the slides were mounted with 20% Mowioll mounting
medium (Calbiochem) in PBS and analysed with a fluo-
rescence equipped light microscope.

Cell cultures

BC3H1 cells were grown in MEM supplemented with 10%
fetal bovine serum. For immunostaining experiments, cells
were cultured on cover slips previously coated with poly-
L-lysine. To induce differentiation, cells were grown up to
60–70% confluence and then switched to medium con-
taining only 0.5% fetal bovine serum [19,33]. After 2–5
days of differentiation, cells were fixed with 4% para-
formaldehyde and processed for immunocytochemistry.

Preparation of longitudinal and terminal
sarcoplasmic reticulum cisternae-enriched fractions

Sarcoplasmic reticulum fractions were prepared as de-
scribed [21]. After centrifugation in an SW 28 rotor, frac-
tions enriched in terminal cisternae were present at the
interphase 45–38% (F4), while longitudinal sarcoplasmic
reticulum (LSR) vesicles were more represented at the
interphases 32–27% (F2) and 38–32% (F3). Alternatively,
longitudinal cisternae were prepared as described [22].

RESULTS

Immunolocalisation of Homer proteins, RyRs and
InsP3Rs in skeletal muscle

The presence of Homer and InsP3R proteins in skeletal
muscles was investigated by western blot analysis of mi-
crosome extracts from extensor digitorum longus, soleus
and diaphragm muscles. For protein detection, we used
an affinity-purified rabbit polyclonal antibody (Rbt475)
capable of recognising all three InsP3R isoforms and an
anti-Homer antibody capable of recognising all Homer
isoforms. Specific bands for InsP3R and Homer proteins
were detected in all muscles analysed (data not shown;
Fig. 3).
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Fig. 1 Double immunofluorescence labelling of Homer and InsP3R with RyR1 and desmin in skeletal muscle fibres. Longitudinal
cryosections of rabbit skeletal muscle were stained with the indicated antibodies. Desmin (A) and RyR1 (B) were used as markers for triad
and Z-line localisation, respectively. Triad immunostaining is characterised by a double band of fluorescent dots flanking the Z-lines (C).
Homer immunofluorescence (D and G) co-localised with desmin (I) but not with RyR1 immunolabel (F). InsP3R label (L and O) was also
found co-localised with desmin (N) and between the RyR1 bands (Q). Images in the right column are colour overlays of the images to the left.

To verify the sub-cellular localisation of Homer proteins
in skeletal muscle, we performed double immunofluo-
rescence experiments using specific antibodies for well
characterised muscle proteins, like desmin and RyR1, as
markers of the Z-line and of the triadic region, respec-
tively. Double labelling with RyR1 and desmin shows
two RyR1 bands per sarcomere flanking a single desmin
band (Fig. 1A–C). Depending on the precise orientation of
the section parallel to the myofibrillar bundles, the RyR1
bands can be resolved as double rows of dots (Fig. 1B),
each representing a single triad. Homer immunolabelling
revealed continuous cross-striated bands with a single
sarcomere spacing (Fig. 1D and G). Double labelling of
Homer with RyR1 or desmin showed that the Homer stain-
ing is located precisely in the middle of the RyR1 double
rows (Fig. 1D–F) and co-localises with the desmin band
(Fig. 1G–I). Thus, in skeletal muscle, Homer proteins are
expressed in a sarcomeric pattern at the level of the Z-line.
Next, we used anti-InsP3R antibody in immunofluores-

cence experiments to identify the sub-cellular localisation
of InsP3Rs in skeletal muscle longitudinal section. In these
experiments, a cross-striated staining pattern was ob-
tained (Fig. 1L and O). This staining pattern was confirmed
with other polyclonal or monoclonal isoform-specific
antibodies against InsP3R (data not shown). To deter-
mine the localisation of InsP3Rs with respect to that of

RyRs, muscle sections were double labelled with the
RyR-specific monoclonal antibody 34C and the Rbt475
anti-InsP3R antibody. As shown in Fig. 1O–Q, the InsP3R
band was located between the characteristic pairs of tri-
ads identified by the anti-RyR antibodies. Similar results
were obtained when the InsP3R staining was compared in
double labelling experiments to that of the �1 sub-unit
of the DHPR (DHPR�1s), which is also located at the
triads (data not shown). As shown in Fig. 1L–N, desmin
and InsP3R staining have an almost complete overlapping
pattern. In support of the co-localisation of desmin with
InsP3R, desmin immunoreactivity was detected between
pairs of RyRs (Fig. 1A–C), as previously reported [2]. Taken
together, these data indicate that in skeletal muscle the
Homer proteins do not co-localise with the RyR1 in the
triad but in an adjacent region of the sarcomere near
the Z-line. Interestingly, the other calcium release chan-
nel expressed in skeletal muscle, the InsP3R, is expressed
in the same region where Homer staining is detected.

InsP3R and Homer immunolabelling in BC 3H1 cells

BC3H1 cells, a skeletal muscle cell line [17–19], have pre-
viously been used as an in vitro cell model for studies on
the sub-cellular localisation of triadic proteins [20]. We,
therefore, used this cellular system to further investigate
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Fig. 2 Immunofluorescence analysis of differentiated BC3H1 cells. Differentiated BC3H1 cell were immunolabelled with antibodies against
InsP3Rs (A), RyRs (B, E and G), Homer (D) and DHPR (H). As shown in the merged images, InsP3Rs and Homer proteins have a distinct
localisation compared to RyR1 (C and F), while RyR1 and DHPR completely co-localise (I).

the sub-cellular localisation of Homer proteins and
InsP3Rs with respect to RyRs (Fig. 2A–C and D–F). Double
labelling of RyR1 and DHPR showed intensive co-clusters
preferentially located at the level of the plasma mem-
brane (Fig. 2G–I). These structures have been shown to
represent peripheral couplings of the sarcoplasmic retic-
ulum calcium stores, containing RyR1, with the plasma
membrane, containing the DHPR [2]. In contrast, double
labelling of Homer and RyR1 did not revealed any signifi-
cant co-localisation (Fig. 2D–F). Whereas the RyR1 stained
the large peripheral clusters, the Homer immunolabel
was finer, denser and more evenly distributed throughout
the cells. An analogous situation was observed in dou-
ble labelling experiments of InsP3R and RyRs. Whereas
InsP3R immunolabel was clustered and sometimes asso-
ciated with the plasma membrane, the InsP3R clusters
did not co-localised with RyR1 clusters (Fig. 2A–C). Alto-
gether, the results obtained in BC3H1 cells are in complete
agreement with those obtained in skeletal muscle fibres
in suggesting that InsP3Rs and Homer proteins have a
sub-cellular localisation distinct from that of RyRs.

Localisation of the InsP 3Rs, RyRs and Homer
proteins in sarcoplasmic reticulum fractions of
skeletal muscles

To further examine the sub-cellular co-localisation of
InsP3Rs and Homer in skeletal muscles microsomal vesi-

cles, rabbit skeletal muscles were fractionated according
to two established procedures [21,22] and selected frac-
tions, enriched for specific sub-domains of the sarcoplas-
mic reticulum, were analysed on western blots. As shown
in Fig. 3, both Homer and InsP3Rs were preferentially
found in fractions F2 and F3, obtained by the procedure
described by Saito et al. [21], and which are enriched
in longitudinal reticulum, while RyR1 was more repre-
sented in fraction F4, which is preferentially enriched in
terminal cisternae. Similar results were obtained when
fractions were separated with the procedure described by
Ohlendieck et al. [22]. Again, Homer and InsP3Rs signals
were more represented in the LSR fraction, enriched in the
longitudinal reticulum, while RyR1 staining was mainly
detected in the pellet fraction, which is enriched in ter-
minal cisternae. In summary, results obtained with either
of the two protocols agree with a preferential localisation
of InsP3Rs and Homer in sub-cellular fractions containing
the longitudinal reticulum of skeletal muscle fibres and
not in those containing the RyRs in the terminal cisternae
[2].

Homer proteins interact with InsP 3R but not with RyRs

Starting from the cDNA sequences of the murine Homer
[10], we designed three pairs of primers specific for the
short isoform Homer 1a and for the long isoforms Homer
1b/c and 2a/b. Testing a skeletal muscle cDNA library

© 2002 Elsevier Science Ltd. All rights reserved. Cell Calcium (2002) 32(4), 193–200
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Fig. 3 Western blot analysis of gradient fractions from sarcoplasmic
reticulum of adult skeletal muscles. Lane 1 contains control
samples: 10 and 50 �g of microsome extracts of skeletal muscle
were loaded as control for RyR1 and Homer, respectively, while 4 �g
of cerebellum extracts were loaded as control for IP3Rs blots. Lanes
2–5 are representative of F1, F2, F3 and F4 fractions [21], where F1
is a poorly defined fraction, F2 and F3 are fractions enriched in
longitudinal sarcoplasmic reticulum (LSR) and F4 is enriched in
terminal cisternae. Lanes 6 and 7 are representative of the LSR
10–27% and pellet fractions, respectively [22]. LSR 10–27% are
enriched in LSR; the pellet is enriched in terminal cisternae.

with these primers, we amplified Homer 1a, 1b, 1c, 2a
and 2b, indicating that all these Homer isoforms are ex-
pressed in this tissue. Pull-down experiments were per-
formed using the glutathione-S-transferase (GST) protein
fused with Homer long isoforms 1b and 2b. Given the
low levels of InsP3Rs in skeletal muscles, control experi-
ments were performed with cerebellum extracts prepared
according to Brakeman et al. [8] to verify that in our
conditions GST-Homer fusion proteins could pull-down
mGluR1a and InsP3R1 (Fig. 4). To test the ability of
Homer to interact with RyR1, pull-down experiments
were performed with solubilised skeletal muscle micro-
somes and GST-Homer 1b and 2b fusion proteins. As
shown in Fig. 4, Homer 1b and 2b were able to interact
with mGluR1a and InsP3R1 from cerebellum membranes,
while only a negligible binding was observed between
Homer proteins and RyR1 in skeletal muscle membrane
extracts.
In order to estimate the binding affinity of Homer

with respect to mGluR1a, InsP3R1 and RyR1, we used
different amounts of cerebellum lysate and solubilised
skeletal muscle microsomes with a constant amount

Fig. 4 Pull-down of InsP3R and mGluR1 from mouse cerebellum
lysate and of RyRs from solubilised skeletal muscle microsomes.
Experiments were performed with GST-Homer 1b and 2b fusion
proteins and with GST alone as negative control. About 30 �g of
fusion proteins were mixed with 500 �g of cerebellum lysate
(InsP3R and mGluR1) or with 600 �g of solubilised skeletal muscle
microsomes (RyR1) for 3 h at 4 ◦C. The input lanes correspond to 10
and 3 �g of cerebellum and skeletal muscle extracts, respectively.
The bound proteins were separated by SDS–PAGE, transferred to a
nitro-cellulose filter and revealed with specific antibodies.

of GST-Homer 1b fusion protein. As shown in Fig. 5,
equal amounts of GST-Homer 1b protein can be sat-
urated with 50�g of cerebellum lysate. Under these
conditions, the GST-Homer fusion proteins were able to
bind about 100% of the mGluR1a and about 20% of the
InsP3R present in the preparation. The same experiment

Fig. 5 Analysis of the binding affinity between Homer 1b and RyR1
(black bar), Homer 1b and InsP3R (white bar) and Homer 1b and
mGluR1a (grey bar). Fifty micrograms of GST-Homer were exposed
to increasing concentrations of cerebellum (InsP3R and mGluR1)
and muscle (RyR) lysate. The binding percentages, deduced by
densitometric analysis, are plotted on the Y-axis (logarithmic scale),
while micrograms of lysate are plotted on the X-axis.

Cell Calcium (2002) 32(4), 193–200 © 2002 Elsevier Science Ltd. All rights reserved.
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performed with solubilised skeletal muscle microsomes
indicated that the GST-Homer 1b fusion protein could
bind at maximum about 0.2% of the available RyR1, indi-
cating that the binding affinity between Homer and RyR1
is far lower than that between Homer and mGluR1a or
InsP3R1.

DISCUSSION

We report here that the InsP3Rs and RyRs Ca2+ release
channels are differently localised in the sarcoplasmic retic-
ulum membrane of the skeletal muscle fibres and that
Homer proteins are localised in the vicinity of the InsP3Rs
but not of the RyRs. This is supported by immunostaining
of skeletal muscle sections and of differentiated BC3H1
muscle cells, which indicate that both Homer proteins and
InsP3Rs are localised at or near the Z-line of striated mus-
cle fibres. Actually, the immunostaining pattern of Homer
is almost identical to that observed with anti-InsP3Rs an-
tibodies, consistent with the possibility that these two
proteins could interact in skeletal muscle as they do in
neurones [8]. The InsP3R sub-cellular localisation at the
Z-line is in agreement with recent data showing that in
cultured muscle cells, InsP3Rs are localised in the entire
area of the I-band, encompassing the Z-line, as well as in
the nuclear envelope region [23–25].
Using GST-Homer fusion proteins, we have also exam-

ined the capability of Homer proteins to bind RyRs. The
results show that, while Homer proteins can efficiently
bind both mGluR1 and InsP3Rs from cerebellum extracts,
only a negligible binding could be demonstrated between
Homer proteins and RyR1 channels. In more quantitative
terms, we found that a GST-Homer 1b fusion protein is
able to bind about 100% of the mGluR1a and about 20%
of the InsP3R1 offered, but only 0.2% of the RyR1 of-
fered, suggesting that the binding affinity between these
two proteins must be very low. This situation whereby
Homer proteins are capable of preferentially interacting
with InsP3Rs but not with RyRs, although both contain in
their sequences an identical binding domain, is reminis-
cent of the reverse situation whereby the immunophilins
from the FKBP12 family preferentially interact with RyRs
and not with InsP3Rs, although both contain the binding
domain [26,27].
An interesting observation emerging from the results re-

ported in this manuscript is linked to the evidence that
InsP3Rs are localised to the LSR. In a classical view of the
sarcoplasmic reticulum organisation, the terminal cister-
nae region have been associated to Ca2+ release, consid-
ering that the ryanodine-sensitive Ca2+ release channels
RyR1 and RyR3 are located in this region of the sarcoplas-
mic reticulum [28]. The longitudinal reticulum instead is
the main site of localisation of the SERCA pumps, asso-
ciating this region of the sarcoplasmic reticulum with a

specialisation for Ca2+ uptake [2,29]. Given the evidence
that InsP3Rs are localised in the LSR, it would appear that
the LSR, in addition to its contribution to Ca2+ uptake,
contribute to Ca2+ signalling via InsP3Rs-mediated Ca2+

release, possibly in relation to regulation of cellular func-
tions other than contraction.

ACKNOWLEDGEMENTS

We thank Drs P. De Camilli and B. Ehrlich, Yale Univer-
sity, for providing antibodies against InsP3Rs. This work
was supported by grants from EEC, Telethon, MURST
and ASI (to VS), and by Grant 99/08 of the Concerted Ac-
tions of the K.U. Leuven (to JBP) and FWF Grant P15338
(to BEF).

REFERENCES

1. Berridge MJ, Lipp P, Bootman MD. Nat Rev Mol Cell Biol
2000; 1: 11–21.

2. Franzini-Armstrong C, Protasi F. Physiol Rev 1997; 77:
699–729.

3. Sorrentino V, Barone V, Rossi D. Curr Opin Genet Dev 2000;
10: 662–667.

4. Sorrentino V, Rizzuto R. Trends Pharmacol Sci 2001; 9:
459–464.

5. Mackrill JJ. Biochem J 1999; 337: 345–361.
6. Marx SO, Reiken S, Hisamatsu Y et al. Cell 2000; 4: 365–376.
7. Marx SO, Reiken S, Hisamatsu Y et al. J Cell Biol 2001; 153:
699–708.

8. Brakeman PR, Lanahan AA, O’Brien R et al. Nature 1997;
386: 284–288.

9. Kato A, Ozawa F, Saito Y, Fukazawa Y, Sugitama H, Inokugi
K. J Biol Chem 1998; 273: 23969–23975.

10. Xiao B, Tu JC, Petralia RS et al. Neuron 1998; 21: 707–716.
11. Soloviev MM, Ciruela F, Chan WY, McIlhinney RA. Eur J

Biochem 2000; 267: 634–639.
12. Xiao B, Tu JC, Worley PF. Curr Opin Neurobiol 2000; 10:

370–374.
13. Tu JC, Xiao B, Naisbitt S et al. Neuron 1999; 23: 583–592.
14. Naisbitt S, Kim E, Tu JC et al. Neuron 1999; 23: 569–582.
15. Tu JC, Xiao B, Yuan JP et al. Neuron 1998; 21: 717–726.
16. Sala C, Piech V, Wilson NR, Passafaro M, Liu G, Sheng M.

Neuron 2001; 31: 115–130.
17. Taubman MB, Smith CW, Izumo S et al. J Cell Biol 1989; 108:

1799–1806.
18. Marks AR, Taubman MB, Saito A, Dai Y, Fleischer S. J Cell

Biol 1991; 114: 303–312.
19. De Smedt H, Parys JB, Himpens B, Missiaen L, Borghgraef R.

Biochem J 1991; 273: 219–224.
20. Protasi F, Franzini-Armstrong C, Flucher BE. J Cell Biol 1997;

137: 859–870.
21. Saito A, Seiler S, Chu A, Fleischer S. J Cell Biol 1984; 3:

875–885.
22. Ohlendieck K, Ervasti JM, Snook JB, Campbell KP. J Cell Biol

1991; 112: 135–148.
23. Franzini-Armstrong C, Kish JW. J Muscle Res Cell Motil 1995;

16: 319–324.
24. Protasi F, Takekura H, Wang Y et al. Biophys J 2000; 79:

2494–2508.

© 2002 Elsevier Science Ltd. All rights reserved. Cell Calcium (2002) 32(4), 193–200



200 M Salanova, G Priori, V Barone, E Intravaia, B Flucher, F Ciruela, RAJ McIlhinney, JB Parys, K Mikoshiba, V Sorrentino

25. Powell JA, Carrasco MA, Adams DS et al. J Cell Sci 2001; 114:
3673–3683.

26. Bultynck G, De Smet P, Rossi D et al. Biochem J 2001; 354:
413–422.

27. Bultynck G, Rossi D, Callewaert G et al. J Biol Chem 2001;
276: 47715–47724.

28. Flucher BE, Conti A, Takeshima H, Sorrentino V. J Cell Biol
1999; 3: 621–630.

29. Jorgensen AO, Shen AC, MacLennan DH, Tokuyasu KT. J Cell
Biol 1982; 92: 409–416.

30. Harlow EC, Lane D. Using antibodies, a laboratory manual.
Cold Spring Harbor, NY, Cold Spring Harbor Laboratory
Press, 1999.

31. Ma HT, Venkatachalam K, Parys JB, Gill DL. J Biol Chem
2002; 277: 6915–6922.

32. Parys JB, De Smedt H, Missiaen L, Bootman MD, Sienaert I,
Casteels R. Cell Calcium 1995; 17: 239–249.

33. Tarroni P, Rossi D, Conti A, Sorrentino V. J Biol Chem 1997;
272: 19808–19813.

Cell Calcium (2002) 32(4), 193–200 © 2002 Elsevier Science Ltd. All rights reserved.


	Homer proteins and InsP3 receptors co-localise in the longitudinal sarcoplasmic reticulum of skeletal muscle fibres
	INTRODUCTION
	MATERIALS AND METHODS
	Cloning of Homer isoforms
	Antibodies
	Pull-down experiments
	Western blot analysis
	Immunofluorescence analysis
	Cell cultures
	Preparation of longitudinal and terminal sarcoplasmic reticulum cisternae-enriched fractions

	RESULTS
	Immunolocalisation of Homer proteins, RyRs and InsP3Rs in skeletal muscle
	InsP3R and Homer immunolabelling in BC3H1 cells
	Localisation of the InsP3Rs, RyRs and Homer proteins in sarcoplasmic reticulum fractions of skeletal muscles
	Homer proteins interact with InsP3R but not with RyRs

	DISCUSSION
	Acknowledgements
	References


