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SUMMARY
1. Ca2+ entry signals are crucial in the control of smooth muscle contraction. Smooth

muscle cells are unusual in containing plasma membrane (PM) Ca2+ entry channels that
respond to voltage changes, receptor activation and Ca2+ store depletion.

2. Activation of these channel subtypes is highly coordinated. The TRPC6 channel, widely
expressed in most smooth muscle cell types, is largely non-selective to cations and is
activated by diacylglycerol arising from receptor-induced phosholipase C activation.

3. Receptor activation results largely in Na+ ion movement through TRPC6 channels,
depolarization and subsequent activation of voltage-dependent L-type Ca2+ channels. The
TRPC6 channels also appear to be activated by mechanical stretch, resulting again in
depolarization and L-type Ca2+ channel activation. Such a coupling may be crucial in
mediating the myogenic tone response in vascular smooth muscle.

4. The emptying of stores mediated by inositol 1,4,5-trisphosphate receptors triggers the
endoplasmic reticulum (ER) Ca2+ sensing protein stromal-interacting molecule (STIM) 1
to translocate into defined ER–PM junctional areas in which coupling occurs to Orai
proteins, which serve as highly Ca2+-selective low-conductance Ca2+ entry channels.

5. These ER-PM junctional domains may serve as crucial sites of interaction and integration
between the function of store-operated, receptor-operated and voltage-operated Ca2+

channels. The STIM, Orai and TRPC channels represent highly promising new
pharmacological targets through which such control may be induced.
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INTRODUCTION
Cytosolic Ca2+ signals control a vast number of cellular functions, ranging from short-term
responses, such as contraction and secretion, to longer-term regulation of transcription,
growth, cell division and apoptosis.1,2 In all muscle cells, including smooth muscle,
cytoplasmic levels of free Ca2+ are the pre-eminent controlling factor for contraction.1-4
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However, in smooth muscle cells, Ca2+ signals involve many components: rapid voltage-
induced Ca2+ entry channels, slower receptor-induced Ca2+ entry, Ca2+ store release
channels and still slower Ca2+ entry channels that become activated as the internal stores are
depleted.5-9 These temporally distinct Ca2+ signalling events control not only smooth
muscle contractile events, but also longer-term transcriptional and growth control of smooth
muscle cells.10 In the present article, we consider the Ca2+ entry signals that are generated in
smooth muscle cells in response to receptor activation. Two major types of channel proteins
appear to be involved in receptor-induced Ca2+ entry signals. These are the canonical class
of transient receptor potential (TRP) channels known as TRPC channels11 and the store-
operated Ca2+ channels that we now know are mediated by the widely expressed Orai
channel proteins.5,12

TRPC CHANNELS AND RECEPTOR-INDUCED Ca2+ ENTRY SIGNALS
Receptor-induced Ca2+ signals are crucial to the function of all cells1 and involve both the
release of Ca2+ from stores and the entry of Ca2+ through plasma membrane channels.1,5,12

For several years, TRPC channels have been considered to play a major role in receptor-
induced Ca2+ entry in smooth muscle and many other cell types.5,12-14 The TRPC channels
appear to be activated in response to phospholipase C (PLC)-coupled receptors.5,12-17

Within the TRPC family, there are two structurally divided subgroups: (i) TRPC3, TRPC6
and TRPC7 channels; and (ii) TRPC1, TRPC4 and TRPC5 channels. One functional
characteristic distinguishing these two subgroups is the ability of diacylglycerol (DAG) to
activate TRPC3/6/7 channels but not the TRPC1/4/5 channels.5,15-19 As a product of
receptor-induced PLC activation, DAG is an obvious mediator of TRPC channel activation.
However, its role in the activation of endogenously expressed TRPC3/6/7 channels is not
clear.6,16,17,20,21 The question of whether TRPC channels function as ‘store-operated’
channels (SOC) in smooth muscle and other tissues has been a highly contentious issue, with
much evidence to support and negate such a role.5,22

The TRPC1 channel, which is highly expressed in many smooth muscle cell types, has been
particularly implicated as an SOC.23 However, from knockout studies in mice, smooth
muscle tissue from TRPC1-deficient mice appears to have normal vascular function and
normal Ca2+ entry responses to store emptying. Hence, at present the real physiological role
of TRPC1 channels in smooth muscle is still unknown. The TRPC6 channel is also highly
expressed in a number of different smooth muscle cell types24-26 and there have been studies
indicating that it plays a role in receptor-induced Ca2+ signalling in smooth muscle.24-28 In
primary portal vein myocytes, current closely corresponding to overexpressed TRPC6
channels was reduced by treatment with TRPC6 antisense oligonucleotides.24

Downregulation of TRPC6 by antisense sequences in pulmonary vascular smooth muscle
cells resulted in a reduction of store-operated Ca2+ entry.25 Using the clonal A7r5 aortic-
derived smooth muscle cell line, Jung et al.26 described a TRPC6-like current activated by
the permeant DAG analogue oleoyl-2-acetyl-sn-glycerol (OAG). In this case, the current
was enhanced by PLC-coupled receptor activation but was not modified by Ca2+ store
depletion.26 In recent studies using TRPC6-knockout mice, a phenotype of increased arterial
blood pressure, augmented arterial tone and enhanced agonist- and DAG-induced current in
smooth muscle was observed.15-17,29 Although such knockout would be expected to prevent
rather than augment the Ca2+-mediated responses, there appeared to be an
overcompensatory increase in the expression of the closely related TRPC3 channel.15-17,29
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TRPC CHANNEL COUPLING TO VOLTAGE-DEPENDENT Ca2+ CHANNELS
IN SMOOTH MUSCLE

Whereas knockout of TRPC6 in the whole animal is complicated by the upregulation of
related proteins, TRPC6 RNA interference (RNAi) was achieved in cultured cells without
significant compensation by other channels. Thus, in our studies,28 targeted RNAi was
combined with a rigorous assessment of both message and protein to provide information on
the presence and function of endogenously expressed TRPC6 channels in A7r5 smooth
muscle cells. When TRPC6 was knocked down, the expression levels of each of the other
TRPC channels was not altered. Thus, unlike the whole-animal TRPC6 knockout approach,
the knockdown was not compensated for by expression of even closely related TRPC
channels, such as TRPC3 or TRPC7.28 TRPC6 knockdown experiments revealed that an
OAG-activated non-selective cation current with a current–voltage relationship close to that
of known TRPC6 channels was substantially reduced.28 This reduction in current mirrored
the reduction in TRPC6 protein. However, the corresponding TRPC6-mediated OAG-
dependent entry of Ca2+ was not significantly altered by TRPC6 knockdown. Yet, the OAG-
induced Ca2+ entry was almost completely inhibited by L-type Ca2+ channel blockers,
indicating Ca2+ was entering through L-type voltage-dependent Ca2+ channels. However,
pharmacological characterization of this current revealed TRPC6-like characteristics. Thus,
it was sensitive to inhibitors of Src kinase and it was strongly inhibited by activation of
protein kinase C (PKC), which is known to inhibit TRPC channels.19,30 The explanation for
these results is that the TRPC6 channel, as a non-selective cation channel, is predominantly
mediating the entry of Na+ as opposed to Ca2+ ions, resulting in depolarization and the
opening of L-type Ca2+ channels. Hence, the TRPC6 channel is a mediator between PLC-
generated DAG and the activation of Ca2+ entry through L-type Ca2+ channels. A scheme
depicting this signalling process is shown in Fig. 1. Calculations reveal that even 90%
reduction of TRPC6 channels would still allow depolarization sufficient to activate L-type
Ca2+ channels. Thus, under conditions of RNAi resulting in approximately 90% reduction of
TRPC6 protein and current carried by TRPC6 channels, there was still substantial
depolarization-mediated activation of Ca2+ entry through L-type Ca2+ channels.28 The
function of TRPC channels mediating depolarization and activation of L-type Ca2+ channels
has also been indicated in other studies. Thus, in cerebral arteries, TRPC6 antisense
treatment reduced pressure-induced depolarization and arterial constriction, suggesting that
TRPC6 channels are activated as a result of pressure and may play an important role in the
control of myogenic tone.31 Recently, the TRPC3 channel, which is also expressed in
cerebral arteries, was shown to mediate purinergic receptor-induced depolarization and
contraction.32 Thus, members of the TRPC3/6/7 subfamily of non-selective cation channels
may play an important role in the control of smooth muscle cell membrane potential to
effect control over voltage-operated Ca2+ entry and muscle contraction.

MECHANICAL ACTIVATION OF TRPC CHANNELS AND THE MYOGENIC
TONE RESPONSE

From a number of studies, it seems that TRPC6 channels are expressed to a large extent in
cells responding to hydrostatic pressure changes, including vascular smooth muscle cells
and glomerular podocytes, in which the TRPC6 channels have been suggested to mediate
pressure-induced responses.33,34 As noted above, TRPC6 channels have been implicated in
generating myogenic tone in arteries31,33 and increased expression of TRPC6 channels may
be connected with smooth muscle proliferation in patients with idiopathic pulmonary arterial
hypertension.35 In addition, TRPC6 channels have been shown to be essential for proper
function of podocytes that are exposed to hydrostatic pressure driving glomerular
ultrafiltration in the kidney.34 In view of the connections between TRPC6 channels and
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pressure regulation, Spassova et al.36 investigated the role of mechanical stretch on TRPC6
channel function. The results indicated that the TRPC6 channels may function as a direct
sensor of mechanically and osmotically induced membrane stretch. Experiments revealed
that the TRPC6 channels could be activated by both hypo-osmotic-induced swelling of cells
and by direct application of pressure pulses to isolated membrane patches.36 The stretch-
induced activation of TRPC6 channels was blocked by the tarantula peptide GsMTx-4, a
specific peptide inhibitor of mechanosensitive channels that is thought to disturb the lipid–
channel boundary.37,38 As described above, the TRPC6 channel is also activated by
receptor-induced PLC activation, an effect mediated by DAG through a PKC-independent
mechanism.18,19 However, the mechanical activation of TRPC6 channels is independent of
PLC activation and, hence, likely through direct sensing of membrane lipid stretch.
Interestingly, the GsMTx-4 peptide blocked both receptor- and DAG-induced TRPC6
activation.36 The effects of the peptide on both stretch- and DAG-mediated TRPC6
activation suggest that both chemical lipid-sensing and mechanical lipid-sensing by the
channel could have a common molecular basis. Considering that TRPC6 channels are highly
expressed in vascular smooth muscle cells, the results from this study suggested that
mechanical activation of TRPC6 channels could play an important role in controlling
myogenic tone.36 As described above, studies indicate that TRPC6 channels in vascular
smooth muscle may control myogenic tone in response to intravascular pressure in small
arteries.31 Previously, it was thought that the TRPC6 channel was activated indirectly,
perhaps as a result of PLC-coupled stretch receptors.31 The results from Spassova et al.36

reveal that TRPC6 channels may be the direct sensors of mechanical stretch, as well as
sensors of increased DAG levels. As shown in Fig. 2, the opening of TRPC6 channels is
depicted as resulting from mechanically induced stretching of the membrane that would
result from increased vascular pressure. In this case, the passage of Na+ ions results in
depolarization of the membrane and the subsequent activation of L-type voltage-activated
Ca2+ channels in a manner similar to that depicted in Fig. 1 resulting from receptor
activation. Entry of Ca2+ through L-type Ca2+ channels would result in an influx of Ca2+

ions sufficient to induce smooth muscle contraction. In this way, the mechanical activation
of TRPC6 channels would be the key step in the activation of contraction mediating the
myogenic tone response of vascular tissue. The myogenic response is the acute reaction of
blood vessel walls to an alteration in pressure and is characterized by a pressure-induced
depolarization leading to activation of L-type Ca2+ channels.39,40 This response is crucially
important in the development of resting vascular tone and the control of blood flow,
especially through small arteries.31 We hypothesize that the high expression of TRPC6
channels in vascular smooth muscle would be the basis for the myogenic tone response.

STORE-OPERATED CA2+ ENTRY: NEW PARADIGMS FOR Ca2+ CONTROL
IN SMOOTH MUSCLE

In smooth muscle, as in other tissues, receptor-induced Ca2+ signals involve two closely
coupled components, relatively fast, inositol 1,4,5-trisphosphate-mediated Ca2+ release from
ER stores, followed by Ca2+ entry through SOCs.5,12,41,42 The activation of SOCs is key to
mediating longer-term cytosolic Ca2+ signals and replenishing intracellular stores.5,12,42 In
many cell types, SOCs carry a highly Ca2+-selective, non-voltage-gated, inwardly rectifying
current termed the Ca2+ release activated Ca2+ current, or ICRAC.

5,12,41 It is clear that similar
types of store-operated currents exist in smooth muscle cells. Despite intense study,
molecular characterization of SOCs and the activation process for store-operated Ca2+ entry
remained elusive.5,12 Recent high-throughput RNAi screens revealed that stromal-
interacting molecule (STIM) 1 is required for store-operated Ca2+ entry43,44 and
conductance through CRAC channels.45 It is likely that STIM1 is the ‘sensor’ of Ca2+

within ER Ca2+ stores,44,46 translocating in response to store depletion into localized areas
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of the ER or ‘puncta’ close to the PM.44 More recently, store-operated Ca2+ entry and the
function of CRAC channels have been shown to require the PM four-transmembrane
spanning protein Orai1 (or CRACM1).47-49 This revelation came from a combination of
elegant studies including genome-wide RNAi screening47-49 and modified linkage analysis
identifying an Orai1 mutation as the cause of severe combined immune deficiency, which
results in ablated T cell Ca2+ entry.47 Although expression of wild-type Orai1 restored
CRAC to normal levels,47 the exact role of Orai1 in CRAC activation was not established
initially. However, subsequent studies established that expression of STIM1 and Orai1 in
combination results in an enormous gain in function of store-operated Ca2+ entry and CRAC
channel activity.49-52 This has more recently been followed by studies showing that point
mutations in Orai1 can alter the Ca2+ selectivity of the CRAC channel.53-55 It is now clear
that the STIM and Orai proteins function together to mediate the store-operated Ca2+

signalling pathway; that is, to recognize and transduce the store-dependent signal and
mediate entry of Ca2+ across the PM.

STIM1 IN THE ER MEMBRANE IS THE INTRALUMINAL Ca2+ SENSOR
It is clear that smooth muscle is just one of many tissues in which the STIM1 protein acts as
the ER Ca2+ sensor to activate SOCs in the PM. RNAi-based screens have consistently
identified STIM proteins as essential for SOC activation.43,44 However, the screening also
revealed no effect on SOC activation of the knockdown of many other gene products,
including TRP channel members,43,44 arguing against the role of TRP channels as SOC
mediators. Despite this, recent evidence has indicated potentially important links between
TRPC channels and STIM1.56,57 It is clear that suppressed STIM1 expression prevents
SOC-mediated Ca2+ entry and CRAC channels activation.43-45 The STIM1 protein is the
‘sensor’ of ER Ca2+,44,46 this function being mediated via the EF-hand Ca2+-binding
domain on the N-terminal ER luminal portion of STIM1. Decreased ER Ca2+ results in a
profound intracellular redistribution of STIM1 from a uniform ER pattern to spatially
discrete areas termed puncta.44-46,58 Mutation of the EF-hand in STIM1 to reduce its Ca2+

affinity results in the highly selective CRAC channel being fully and constitutively active,
without any release of luminal Ca2+.45 The EF-hand-mutated STIM protein is already
distributed in puncta, exactly mimicking the store-depleted mode.44 This indicates that the
EF-hand is, indeed, the luminal Ca2+ sensor for SOCs. The single unpaired EF-hand has low
Ca2+ affinity ideally suited to sense the high levels of Ca2+ within ER (0.5–2.0 mmol/L
range). Stathopulos et al.59 examined the folding and interaction of the N-terminal segment
of STIM1 containing the EF-hand and sterile α-motif (SAM) domains, revealing that Ca2+

bound to this fragment with a Kd of approximately 0.4 mmol/L. The N-terminus undergoes a
conformational change upon Ca2+ binding and, when Ca2+ dissociates, the molecule is able
to undergo multimerization.

In smooth muscle as well as other tissues, an ER–PM ‘interactional’ model best explains
activation of SOCs, the STIM1 protein in the ER interacting directly with components in the
PM.45,58 It is clear that SOC activation in smooth muscle involves functional STIM1
proteins,60-62 which appear to translocate and activate SOCs the same as in other tissues.
Total internal reflection microscopy (TIRF) measurements63 indicate that aggregated
STIM1 in the ER approaches as close as 10–20 nm to the PM, likely interacting directly
with PM proteins. This model is compatible with the ‘conformational coupling’ model for
SOC activation originally proposed by Irvine64 and Berridge65 and supported by evidence
that close interactions, but not ER–PM fusion, are involved in SOC activation.5,12,65-67 Even
though STIM1 distribution is profoundly altered by store emptying, the overall distribution
of ER markers under the same store-emptying conditions is not significantly changed.44

Although a significant proportion of the STIM1-formed junctions at the PM are pre-existing,
approximately one-third may be formed de novo following store depletion.63 The process of

Wang et al. Page 5

Clin Exp Pharmacol Physiol. Author manuscript; available in PMC 2013 March 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



STIM1 aggregation and approach towards the PM is a totally reversible phenomenon,
reinforcing the theory that channel activation results from a reversible interaction between
ER and PM components, as opposed to a fusion or insertional event.

STORE-OPERATED CHANNEL MOIETIES: THE ORAI PROTEINS
Store-operated channel function was shown to require another protein, the plasma
membrane four-transmembrane-spanning protein Orai1 or CRACM1.47-49 This revelation
came from genome-wide RNAi screening47-49 and modified linkage analysis identifying an
Orai1 mutation as the cause of a rare combined immune deficiency that results in ablated T-
cell Ca2+ entry.47 The naturally occurring R91W mutation in Orai1 led to elimination of
ICRAC,47 as did Orai1 knockdown.47-49 From recent work, it is now clear that the Orai1
protein fulfills all the criteria of being the SOC moiety itself.49-55 The Orai1 protein is
expressed largely in the PM and, from labelling studies, both the N- and C-termini of the
tetraspanning membrane protein exist within the cytoplasm.47,54 There are three closely
related and widely expressed Orai genes (Orai1, Orai2 and Orai3).47 These are widely
distributed among tissues47-49 and all three Orai proteins appear to be expressed in airway
smooth muscle.68 The combined expression of STIM1 and Orai1 resulting in a huge gain of
SOC function indicates that the two proteins are likely sufficient to mediate the operation of
SOCs.49-52 The function of Orai1 was examined by expressing it in HEK293 cell lines
stably expressing STIM1.51 Although significant store-operated Ca2+ entry can be observed
in HEK293 cells, the level of endogenous CRAC channel activity in these cells is extremely
low. Despite its necessity in store-operated Ca2+ entry,47,48 Orai1 expressed in vector-
control cells strongly suppressed Ca2+ entry.51 This strong dominant negative effect likely
reflects a coupling stoichiometry of more than one STIM1 protein per Orai1 protein.7,51

Dramatically, Orai1 coexpressed in STIM1-expressing cells resulted in a massive and rapid
increase in store-operated Ca2+ entry.51 The huge increase in store-operated Ca2+ entry was
rapidly blocked by application of 50 μmol/L 2-aminoethoxydiphenyl borate (2-APB),
typical of known store-operated Ca2+ entry and CRAC channel function.69,70 The scheme
shown in Fig. 3 represents the simple model in which, after store-depletion, aggregated
STIM1 within the near-PM puncta, interacts directly via its cytoplasmic C-terminus with the
Orai1 protein, activating the channel function of the latter. Yeromin et al.53 provide strong
coimmunoprecipitation data to show that the Orai1 and STIM1 proteins interact and, more
significantly, that store emptying results in increased interaction between the proteins.

Examination of the Orai1 molecule revealed a small, highly conserved region extending
from the end of the first transmembrane domain into the first extracellular loop between the
first and second transmembrane domains. In Orai1, this nine amino acid region is residues
106–114 and is closely conserved in the three mammalian Orai proteins, as well as in the
Drosophila protein.53,54 This is a highly acidic region with a glutamate (position 106),
glutamine (position 108) and three aspartate residues (positions 110, 112, 114), strongly
suggesting the pore entrance. The E106A mutant had a powerful dominant negative effect
such that its expression, even in normal HEK293 cells, resulted in no SOC-mediated Ca2+

entry.55 Importantly, the E106 residue has been shown to be critical for defining the Ca2+

selectivity of CRAC channel function.53-55 Hence, the subtle E106D mutation, in which the
acidic residue is reduced in size, results in a markedly reduced cation selectivity of the
CRAC channel, allowing monovalent cations as well as divalent cations to move through the
channel.53,54
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INTEGRATION OF STIM, ORAI AND TRPC CHANNELS IN CONTROL OF
SMOOTH MUSCLE Ca2+ ENTRY SIGNALS

From the above discussion, it is clear that both TRPC and STIM-operated Orai channels are
important in mediating Ca2+ entry signals in smooth muscle cells, as well as in many other
cell types. Smooth muscle cells also use voltage-activated Ca2+ channels; hence, they
represent an interesting hybrid between excitable and non-excitable cells. We have seen that
the TRPC channels provide a crucial mediating link between receptors and the activation of
L-type channels by permitting cation entry to depolarize the cell. The TRPC channels may
also provide a critical link between the sensing of contraction and the activation of voltage
changes to mediate myogenic tone responses in vascular tissue. Answers to the question of
the occurrence and role of interactions between TRPC channels and the STIM1- and Orai1-
mediated store-coupling process are beginning to emerge. There is a huge literature on the
store-operating role of many of the TRPC channel family members,5,12 but this interaction
could not really be addressed until the discovery of the SOC machinery: the STIM and Orai
proteins. Recent information indicates that the STIM proteins can interact with and
functionally connect to TRPC channels.23,56,57,71 The TRPC channels are also reported to
physically and functionally interact with Orai1 channels.72,73 Indeed, both STIM1 and Orai1
appear to be associated within complexes that also contain the TRPC1 channel.23,57 This
suggests that the coupling domains between ER and PM, defined by STIM1-mediated
junctions, may contain multiple proteins and may represent organized loci in which the
activation of multiple channels is coordinated.

In smooth muscle, it is clear that STIM and Orai proteins are present and function the same
as in other tissues.60-62,68 Such junctional sites in smooth muscle, and the channel
interactions occurring within them, are likely to be of extreme importance in controlling and
coordinating Ca2+ entry signals in response to receptors, contraction, voltage changes and
the state of filling of ER stores. The location and role of the three different Orai channel
proteins, the two different STIM proteins and the six different TRPC channels present in
smooth muscle is just beginning to be understood. Certainly, the nature of store-activated
junctional domains, the proteins that are contained within them and the functional inter-
membrane interactions are crucial areas to be investigated in the control of Ca2+ entry
signals in smooth muscle.

Finally, the STIM signalling process that senses the content of Ca2+ within the ER of
smooth muscle and its relationship with the function of smooth muscle remains an important
and unresolved area of study. Generally, ER in smooth muscle is referred to as
‘sarcoplasmic reticulum’ to signify its similarity in function to the extensive Ca2+-
sequestering organelles of cardiac and skeletal muscle. However, the ER in smooth muscle
generally is structurally and functionally more akin to that in non-muscle cells. Indeed, the
presence and function of STIM proteins in smooth muscle ER can be considered evidence
for this view. The STIM-mediated sensing of Ca2+ in smooth muscle ER, control of Ca2+

content within the ER and the activation of coupling with the PM all remain crucial areas of
investigation in determining new means to control smooth muscle cell contraction to
counteract serious vascular diseases. The STIM, Orai and TRPC channels represent highly
promising new pharmacological targets through which such control may be induced.
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Fig. 1.
Receptor-induced TRPC6 activation via diacylglycerol (DAG) results in Na+ entry,
membrane depolarization and activation of Ca2+ entry though L-type voltage-activated Ca2+

channels. GPCR, G-Protein-coupled receptor; PLC, phospholipase C; PIP2,
phosphatidylinositol 4,5-bisphosphate; IP3, inositol 1,4,5-trisphosphate.
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Fig. 2.
TRPC6 channels are sensors of membrane stretch. Channel opening allows Na+ entry,
smooth muscle cell depolarization and the activation of activation of L-type voltage-
activated Ca2+ channels. Such coupling between stretch and activation of Ca2+ entry signals
may be crucial in mediating the myogenic tone response of vascular smooth muscle.
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Fig. 3.
Scheme showing coupling between endoplasmic reticulum (ER) stores and Ca2+ entry
mechanisms mediated by receptor-induced signalling pathways in smooth muscle and other
cell types. G-Protein-coupled receptors (GPCR) or tyrosine kinase-coupled receptors (TKR)
activated by agonists (A) are shown to activate either phospholipase C (PLC)-β or PLC-γ
and the breakdown of phosphatidylinositol 4,5-bisphosphate (PIP2) to release the head group
inositol 1,4,5-trisphophate (IP3) into the cytosol. Inositol 1,4,5-trisphophate receptors (IP3R)
on the ER membrane are activated to release Ca2+ from stores. The lowered luminal Ca2+

causes dissociation of Ca2+ bound to the low-affinity EF-hand Ca2+-binding site on the N-
terminus of stromal-interacting molecule (STIM) 1. This Ca2+ dissociation causes STIM1
molecules to aggregate and be translocated to regions of the ER in close proximity to the
plasma membrane (PM) and to interact directly with the Orai1 protein in the PM, which is
the highly Ca2+-selective store-operated channel moiety.
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