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Abstract. Store-operated Ca2+ entry channels (SOCs) play an important role in the regulation

of diverse non-excitable cell functions. However, the precise mechanism of SOCs activation is

still controversial. Uridine 5'-triphosphate (UTP) was shown to induce Ca2+ entry in a dihydro-

pyridines-insensitive manner and accelerated steroidogenesis in bovine adrenocortical fasciculata

cells (BAFCs) via the Gq /11 protein-coupled P2Y2 receptor. Therefore we investigated whether

UTP is involved in SOCs activation and the mechanism of UTP-induced SOCs activation.

Fura 2-loaded BAFCs were used for the measurement of intracellular concentration of Ca2+

([Ca2+]i) mobilization. Extracellular UTP evoked Ca2+ release from intracellular stores followed

by an increase in Ca2+ entry. The Ca2+ influx elicited by UTP was inhibited not by nifedipine,

but by Zn2+, Cd2+, and Ni2+ (potency order: Zn2+
� Cd2+ �� Ni2+), and the effect of UTP was also

attenuated by a phospholipase C inhibitor (U73122). These results indicate that UTP activates

SOCs in BAFCs. The increase in [Ca2+]i by UTP was attenuated by ML-9, a myosin-light chain

kinase inhibitor, and calmodulin inhibitors, W-7 and E6 berbamine, in a concentration-dependent

manner. These reagents depolymerized actin filaments with rhodamine staining in BAFCs.

Cytochalasin D also inhibited UTP-activated SOCs and depolymerized actin filaments. From

these results, we proposed that calcium /calmodulin dependent myosin-light chain kinase is in-

volved in the mobilization of actin filaments and the integrity of actin-network plays an impor-

tant role in UTP-induced SOCs activation in BAFCs.
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Introduction

[Ca2+]i mobilization plays an important role in the

regulation of fundamental cell functions. There are three

Ca2+ influx pathways in vertebrate cells, VOCs, ligand-

gated non-specific cation channels, and ROCs. One of

the ROCs is thought to be the SOCs (1). When Gq /11

protein-coupled receptors are occupied by pertinent

Abbreviations used are (in alphabetical order): ATP, adenosine 5'-triphosphate; BAFC, bovine adrenocortical fasciculata cell; BSA, bovine serum

albumin; [Ca2+]i, intracellular concentration of Ca
2+; Ca2+/CaM kinase II, Ca2+/calmodulin-dependent protein kinase II; CPA, cyclopiazonic acid;

ER, endoplasmic reticulum; F-actin, actin filaments; fura 2 /AM, fura 2 /acetoxymethylester; ICRAC, calcium release-activated calcium current;

InsP3, inositol 1,4,5-trisphosphate; KN-62, 1-[N,O-bis(5-isoquionolinesulfonyl)-N-methyl-L-tyrosyl]-4-phenylpiperazine; ML-9, 1-(5-chloro-

naphthalene-1-sulfonyl)-1H-hexahydro-1,4-diazepine; MLCK, myosin-light chain kinase; PBS, phosphate-buffered saline; ROC, receptor-

operated Ca2+ channel; SOC, store-operated Ca2+ channel; TG, thapsigargin; TRP, transient receptor potential; U73122, 1-[6(17� -3-methoxyestra-

1,3,5(10)-trien 17-yl)amino)hexyl]-1H-pyrrole-2,5-dione; UTP, uridine 5'-triphosphate; VOC, voltage-operated Ca2+ channel; W-7, N-(6-amino-

hexyl)-5-chloro-1-naphthalenesulfonamide; W-5, N-(6-aminohexyl)-1-naphthalenesulfonamide.
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ligands in non-excitable cells, phospholipase C�  is acti-

vated to accelerate InsP3 biosynthesis. InsP3 acts on its

receptors in ER followed by release of the luminal Ca2+

into the cytosol. The Ca2+ store depletion triggers Ca2+

influx from an extracellular pool via SOCs (2). Although

several hypotheses were proposed, the precise mecha-

nism of SOCs activation is still uncertain (3).

Recently, extracellular ATP and UTP are regarded as

physiological ligands in diverse cells and tissues via

nucleotide receptors (4, 5). Nucleotide receptors are

classified into two types, a ligand-gated P2X and a

G protein-coupled P2Y (5). Kawamura et al. (6, 7) and

Hoey et al. (8) reported that P2Y receptors were in-

volved in steroidogenesis in BAFCs. Both ATP and

UTP enhanced steroidogenesis through Ca2+ influx from

an extracellular pool via the P2Y2 receptor in BAFCs

(9).

UTP is a potent physiological agonist on Gq /11 pro-

tein-coupled P2Y2 receptors (10). In BAFCs, UTP en-

hances intracellular InsP3 followed by Ca
2+ release from

ER and induces Ca2+ influx from the extracellular pool

(9). Also, the presence of SOCs in BAFCs has been

reported by Kondo (11). These observations suggest

that UTP might activate SOCs in BAFCs.

From recent knowledge about the physiological role

of cytoskeletons in the regulation of cellular function,

it has been elucidated that the filamentous network of

F-actin, intermediate tubules, and microtubules plays a

pivotal role in diverse cell signalings (12). In [Ca2+]i
mobilization, it has been reported that a MLCK inhibitor

attenuates carbachol-activated nonselective cationic cur-

rent in guinea pig gastric myocytes (13) and also inhibits

SOCs in endothelial cells (14, 15). Although they sug-

gested the contribution of F-actin on SOCs activation,

morphological change in the cells by the agent had not

been proposed. In the present paper, we investigated the

effect of MLCK inhibitor on UTP-induced SOCs acti-

vation and the actin-network in BAFCs.

Materials and Methods

Primary culture of BAFCs

Bovine adrenocortical cells were isolated aseptically

using collagenase and deoxyribonuclease I as previously

described (16). The isolated cells were cultured in

Ham’s F-10 medium supplemented with 5% fetal calf

serum, 10% newborn calf serum, 2.5% horse serum,

and antibiotics on a coverslip coated with collagen (16,

17). Three-day primary cultured monolayer cells were

used for the experiments.

Measurement of [Ca2+]i
[Ca2+]i was monitored as described by Ebisawa et al.

(17). Briefly, BAFCs on a coverslip were loaded with

5 �M fura 2 /AM in Krebs-Ringer HEPES buffer

(123.4 mM NaCl, 6 mM KCl, 1.2 mM KH2PO4, 1.2 mM

MgSO4, 1.2 mM CaCl2, 2 mg /ml glucose, 2 mg /ml

BSA, 10 mM HEPES, pH 7.4) supplemented with

0.02% cremophor EL for 90 min at 37�C. The fura 2-

loaded cells were incubated in the above buffer without

cremophor EL in a quartz cell with continuous stirring

at 30�C. In the experiments in which Zn2+, Cd2+, and

Ni2+ were used, a HEPES buffer (127 mM NaCl, 6 mM

KCl, 1.2 mM MgSO4, 1.2 mM CaCl2, 2 mg /ml glucose,

2 mg /ml BSA, 10 mM HEPES, pH 7.4) was applied to

avoid the precipitation of these cations. The fluorescence

intensity was monitored by spectrofluorometer at an

emission wavelength of 510 nm, while the excitation

wavelength between 340 and 380 nm. The increase in

[Ca2+]i was expressed as the ratio of the fluorescence

intensity excited at 340 nm to that of 380 nm (I340/ I380).

The Ca2+-imaging in a sigle cell was studied by use

of Aqua Cosmos (Hamamatsu Photonics, Hamamatsu).

Fluorescent staining of F-actin

Fluorescent staining of F-actin was performed by

the modification of the method of Tang et al. (18). In

brief, BAFCs cultured on a coverslip were rinsed in

PBS for 5 min and fixed in 10% formaldehyde in PBS

for 5 min at room temperature. After the cells were

rinsed again in PBS for 5 min, they were rendered

permeable with 0.1% Triton X-100 in PBS for 5 min and

incubated with rhodamine-phalloidin, diluted 1:10 with

PBS, for 20 min at 37�C. The fluorescence image was

viewed on Nikon Microphoto-FX microscope (Nikon

Industry, Tokyo) and photographed on Kodak Tri-X

pan film. Cell morphology was visualized by a phase-

contrast microscopy.

Statistics

The statistical analysis was carried out using analysis

of variance and Student’s t-test. The value of P�0.05

was considered to be statistically significant.

Materials

The materials were purchased from the following

companies: UTP (Yamasa Co., Chiba); U73122 and

ML-9 (Wako Pure Chemical Industries, Ltd., Osaka);

fura 2 /AM (Dojindo Lab., Kumamoto); collagenase

(Funakoshi Co., Tokyo); W-7 and W-5 (Seikagaku Co.,

Tokyo); deoxyribonuclease I, nifedipine, CPA, TG, and

KN-62 (Sigma Chemical Co., St. Louis, MO, USA);

E6 berbamine (Biomol Research Laboratories Inc.,

Plymouth, PA, USA); Ham’s F-10 medium (Gibco

Laboratories, Inc., New York, NY, USA); rhodamine-

phalloidin (Molecular Probes, Inc., Eugene, OR, USA).
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All the other chemicals were of reagent grade.

Results

Effect of U73122 on UTP-induced [Ca2+]i mobilization

As shown in Fig. 1, extracellular UTP (10 �M) in-

creased [Ca2+]i in a biphasic manner in the presence of

extracellular Ca2+ (1.2 mM) in BAFCs. The first phase

was fast and transient, and the second one was sustained.

When the extracellular Ca2+ was abolished by the addi-

tion of 2 mM EGTA, only the first phase was observed.

The results indicate that the first phase is induced by

Ca2+ release from intracellular stores, and the second

phase is formed by Ca2+ influx from an extracellular pool

in BAFCs. UTP increased both phases concentration-

dependently, and 10 �M UTP showed the maximum

effect (data not shown). Thus 10 �M UTP was used

in the following experiments. The addition of 10 �M

nifedipine, a VOC inhibitor, did not attenuate the second

phase (Fig. 1A). Therefore VOCs should not be involved

in the Ca2+ influx pathway activated by UTP. U73122,

a phospholipase C inhibitor (19), inhibited the increase

in [Ca2+]i induced by 10 �M UTP in a concentration-

dependent manner (5 – 10 �M) (Fig. 1B). The inhibitor

attenuated both the first and the second phases. U73122

at 10 �M inhibited both phases significantly. However,

10 �M U73343, an inactive U73122 derivative, showed

only a weak inhibitory effect on 10 �M UTP-induced

[Ca2+]i mobilization in BAFCs (data not shown).

Effects of Zn2+, Cd2+, and Ni2+ on UTP-induced [Ca2+]i
mobilization

We examined the effects of Zn2+, Cd2+, and Ni2+, cal-

cium release-activated calcium current (ICRAC) inhibitors

(20), on the UTP-induced [Ca2+]i mobilization in

BAFCs. The pretreatment of Zn2+, Cd2+, and Ni2+ also

attenuated the second phase of UTP-induced increase

in [Ca2+]i. The ratio at 200 s from the beginning of

fluorescence determination is shown in Fig. 2. The

potency order is Zn2+
� Cd2+ �� Ni2+.

Effect of ML-9 on UTP-induced [Ca2+]i mobilization

The effect of ML-9, a MLCK inhibitor (21), on

10 �M UTP-induced [Ca2+]i mobilization in fura 2-

loaded BAFCs in the presence of extracellular Ca2+

(1.2 mM) was examined. Pretreatment with ML-9 (25

and 50 �M) for 10 min attenuated the second phase

evoked by UTP. However, the first phase was not af-

fected by ML-9 (Fig. 3A). The inhibitory effect of 25

and 50 �M ML-9 on the second phase was statistically

different from control value (P�0.05) (Fig. 3B).

Fig. 1. [Ca2+]i mobilization by UTP in BAFCs. A: Effects of UTP on [Ca2+]i mobilization in BAFCs. UTP (10 �M) was added

at 50 s after the beginning of fluorescence determination. Typical tracings in the 3 experiments are shown. B: Effects of U73122

on UTP-induced [Ca2+]i mobilization in BAFCs. BAFCs were preincubated with U73122 and demethylsulfoxide for 10 min at

30�C. UTP (10 �M) was added at 50 s after the beginning of fluorescence determination. Typical tracings in 3 experiments are

shown.
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Effect of ML-9 on CPA- and TG-induced [Ca2+]i mobili-

zation

CPA (100 �M), an inhibitor of Ca2+-ATPase of ER

(22), was added on fura 2-loaded BAFCs on a coverslip

in the presence of extracellular Ca2+ (1.2 mM). CPA in-

creased [Ca2+]i gradually in BAFCs, and the increase in

Fig. 2. Effects of Zn2+, Cd2+, and Ni2+

on UTP-induced [Ca2+]i mobilization in

BAFCs. Ratio from basal line at 200 s

after the beginning of fluorescence

determination was 100% in the absence

of each cation. Each value represents

the mean � S.D. from 3 experiments.

Statistically different from the control

value (*P�0.05, **P�0.01).

Fig. 3. Effect of ML-9 on UTP-induced [Ca2+]i mobilization in BAFCs. UTP (10 �M) was added at 50 s after the beginning

of fluorescence determination in the presence of extracellular Ca2+ (1.2 mM). Cells were pretreated with ML-9 for 10 min before

the addition of UTP. A: Typical tracings in 3 experiments are shown. B: The ratio of the fluorescence intensity at 250 s after

the beginning of fluorescence determinations. Statistically different from the control value (*P�0.05). Each value represents

the mean � S.D.
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[Ca2+]i by CPA was sustained (Fig. 4A). The preincuba-

tion with ML-9 (25 and 50 �M) for 10 min attenuated

the sustained phase by CPA in a concentration-depen-

dent manner (Fig. 4A). The addition of another Ca2+-

ATPase inhibitor, TG (2 �M) (23), in the absence of

extracellular Ca2+ produced a transient increase in [Ca2+]i
due to release of Ca2+ from ER, an intracellular Ca2+

store; and the addition of Ca2+ (1.2 mM) in the incubation

medium evoked a rapid and sustained increase in [Ca2+]i
(Fig. 4B). The increase in [Ca2+]i evoked by the addition

of extracellular Ca2+ on the TG-treated cells was also

inhibited by the ML-9 pretreatment in a concentration-

dependent manner (Fig. 4B).

Effects of W-7 and E6 berbamine on UTP-induced

[Ca2+]i mobilization

W-7, a calmodulin inhibitor (24), attenuated the Ca2+

entry from an extracellular pool evoked by 10 �M UTP

in a concentration-dependent manner (25 – 100 �M)

(Fig. 5A). The inhibitory effect of W-7 (50 and 100 �M)

on the second phase was statistically different from

the control value (P�0.05). However, 100 �M W-5, an

inactive W-7 derivative (24), did not affect the effect

of UTP (Fig. 5A). E6 berbamine (40 �M), another

calmodulin inhibitor (25), also inhibited the second

phase in UTP-induced [Ca2+]i mobilization in BAFCs

(Fig. 5B). The effect of the agent was statistically differ-

ent from control value (P�0.05). Because the involve-

ment of Ca2+/CaM kinase II on SOCs activation was

suggested (26, 27), we examined the effect of KN-62,

a specific inhibitor of Ca2+/CaM kinase II (28), on UTP-

induced [Ca2+]i mobilization. However, 10 �M KN-62

did not inhibit the effect of UTP (data not shown).

Effect of ML-9 on the actin-network

F-actin in the control BAFCs were stained with

rhodamine-phalloidin. Figure 6A shows the fluores-

cence pattern of these cells exhibiting the morphology

common to fibroblasts and other cell types. Stress fiber

composed of F-actin distributed parallel or convergent

to each other across the cell, and polygonal array of F-

actin around the cell edge were stained. Some punctate

fluorescence was found in the cytoplasm. In some other

cells, bundles of F-actin arranged circumferentially

around the perinuclear accumulation of cytoplasmic

granules. BAFCs were treated with 50 – 100 �M ML-9

for 10 – 30 min and stained with rhodamine-phalloidin.

The bulk of the stress fibers and the circumferential

Fig. 4. Effect of ML-9 on CPA- and TG-induced [Ca2+]i mobilization in BAFCs. A: Effect of ML-9 on CPA-induced [Ca2+]i
mobilization in BAFCs. Cells were pretreated with ML-9 for 10 min before the addition of CPA. CPA (100 �M) was added

at 50 s after the beginning of fluorescence determination in the presence of extracellular Ca2+ (1.2 mM). Typical tracings in 3

experiments are shown. B: Effect of ML-9 on TG-induced [Ca2+]i mobilization in BAFCs. Cells were pretreated with ML-9

for 10 min before the addition of TG. TG (2 �M) was added just after the beginning of fluorescence determination in the absence

of extracellular Ca2+. The increase in the intracellular Ca2+ was detected by the addition of 1.2 mM Ca2+. Typical tracings in the

3 (A) and 2 (B) experiments are shown.
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F-actin bundles were missing and polygonal arrays of

F-actin also decreased, although some fine F-actin re-

mained. On the contrary, punctuate fluorescence numer-

ously increased in the treated cells (Fig. 6: B, C, D) and

tail-shaped fluorescence, which was never found in the

control cells, appeared (Fig. 6E), suggesting that ML-9

had disrupted stress fibers and other F-actin bundles.

The effects of ML-9 on F-actin were increased with its

concentration and the duration time of the treatment.

Effects of W-7 and E6 berbamine on the actin-network

BAFCs treated with 100 �M W-7 for 10 min and

40 �M E6 berbamine for 20 min were stained with

rhodamine-phalloidin. The bulk of stress fibers, circum-

ferential and polygonal arrays of F-actin, in both treated

cells became less in comparison with the control cells,

although the amount of punctate fluorescence increased,

as in the case of ML-9 treatment (Fig. 7). These results

suggest that W-7 and E6 berbamine had disrupted the

actin-network.

Effect of cytochalasin D on UTP-induced [Ca2+]i mobili-

zation and the actin-network

UTP-induced [Ca2+]i mobilization in BAFCs was

inhibited by the pretreatment of 25 �M cytochalasin D

(Fig. 8A). The reagent attenuated the first phase slightly.

Cytochalasin D also disturbed the actin-network

(Fig. 8B).

Discussion

In BAFCs, UTP augments Ca2+ entry from an extra-

cellular pool in a VOC inhibitor-insensitive manner sub-

sequent to stimulating Ca2+ release from intracellular

stores. Although specific inhibitors on SOCs are still

unavailable, the UTP-induced Ca2+ entry is inhibited by

Fig. 5. Effects of calmodulin inhibitors on UTP-induced [Ca2+]i mobilization in BAFCs. A: Effect of W-7 on UTP-induced

[Ca2+]i mobilization in BAFCs. Cells were pretreated with W-7 for 10 min before the addition of 10 �M UTP in the presence

of extracellular Ca2+ (1.2 mM). Typical tracings in the 4 experiments are shown. The inset is the ratio of the fluorescence intensity

at 400 s after the beginning of fluorescence determination. Statistically different from the control value (*P�0.05). Each value

represents the mean � S.D. B: Effect of E6 berbamine on UTP-induced [Ca2+]i mobilization in BAFCs. Cells were pretreated

with E6 berbamine for 20 min before the addition of 10 �M UTP in the presence of extracellular Ca2+ (1.2 mM). Typical tracings

in the 6 experiments are shown. The inset is the ratio of the fluorescence intensity at 400 s after the beginning of fluorescence

determination. Statistically different from the control value (*P�0.05). Each value represents the mean � S.D.
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ICRAC inhibitors, Zn
2+, Cd2+, and Ni2+, in the similar po-

tency order, Zn2+
� Cd2+ �� Ni2+, as previously reported

(20).

It is proposed that SOCs are triggered by Ca2+ deple-

tion from ER, one of the intracellular Ca2+ stores (29).

The depletion of luminal Ca2+ in ER is achieved by

InsP3 and the inhibitors of Ca
2+-ATPase in ER. Nishi (9)

reported that UTP enhanced InsP3 production via P2Y2

receptors in BAFCs. In our experimental condition,

a phospholipase C inhibitor, U73122, inhibited UTP-

induced Ca2+ entry accompanied by the decrease of Ca2+

release from ER. Therefore, UTP should increase [Ca2+]i
due to SOCs activation in BAFCs.

Precise components of SOCs have not yet been clari-

fied. However, the possible involvement of some mem-

bers of the TRP family in SOCs has been recently re-

ported as candidates for the components of SOCs (30).

The member of the TRP family remain to be identified,

and the involvement of the TRP in UTP-induced [Ca2+]i
mobilization in BAFCs must be elucidated.

Although there are many reports with respect to the

mechanisms of SOCs activation in several kinds of

cells, no consensus for how such a mechanism takes

place has been reached (1). However, there are two main

routes to explain SOCs activation, one is the production

of a diffusible factor (31) and other is the conformational

coupling mechanism (32). The latter hypothesis was

derived from the observation of Rossier et al. (33). They

reported that calcium-storing InsP3-sensitive organelles

were linked to plasma membrane through F-actin in rat

liver cells. Their observation suggests that the interac-

tion between ER and F-actin is one of the important

factors in the conformational coupling model. The close

linkage between ER and F-actin were also suggested in

Fig. 6. Effect of ML-9 on F-actin in BAFCs. A: Typical fluorescent images of stress fibers, polygonal arrays and punctate

structure of actin are visible in the cell. B – E: BAFC treated with 50 �M ML-9 for 10 min (B, C), 20 min (D), or 30 min (E).

Stress fibers and other F-actin were disrupted. On the contrary, the amount of punctate fluorescence increased with the duration

time of the treatment (B – D) and tail-shaped fluorescence appeared (E). A, C – E: �600, B: �375; Bar: 20 �M.
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bovine adrenal cortex (34), Krebs II ascites tumor cells

(35), and honeybee photoreceptor cells (36, 37).

In the present study, the inhibition of calcium /calmo-

dulin-dependent MLCK by ML-9, a MLCK inhibitor,

and calmodulin inhibitors attenuated UTP-induced Ca2+

entry and depolymerized F-actin in BAFC. These results

suggest that MLCK might play an important role in

retaining the integrity of the actin network, and destabi-

lization of the intact F-actin structure could disturb the

interaction between ER and plasma membrane, resulting

in SOCs inhibition. Another possibility is that phospho-

rylated myosin might move ER toward the plasma

membrane along the stationary F-actin in BAFCs as

Kachar and Reese (38) observed using electron micro-

scopy in characean ALGOL cells. Whether either or

both, the intact F-actin is obligatory for the regulation

of SOCs. However, as a high concentration of ML-9

might inhibit protein kinase C and protein kinase A, it

does not deny the possible involvement of protein

kinase C (11) and protein kinase A (39) in SOCs acti-

vation in BAFCs.

Holda and Blatter (40) showed that cytochalasin D

treatment inhibited TG-induced Ca2+ entry, but did not

affect the release of Ca2+ from intracellular stores

through InsP3 production by ATP in CPAE vascular

endothelial cells, whose cell line was originally derived

from calf pulmonary artery endothelium, concomitant

with F-actin disruption. Furthermore, we observed that

cytochalasin D inhibited UTP-induced [Ca2+]i mobili-

zation and depolymerizes the F-actin network in BAFC.

However, cytochalasin D slightly inhibited the first phase.

The result suggests that cytochalasin D might affect

InsP3 production by UTP in BAFC. It had been reported

that cytochalasin D inhibited phospholipase C by dis-

turbing the actin-network in human mammary epithelial

cells (41) and the pancreatic aciner tumor cell line

Fig. 7. Effects of W-7 and E6 berbamine on F-actin in BAFCs. A, B: BAFCs were treated with 100 �M W-7 for 10 min. C, D:

BAFCs were treated with 40 �M E6 berbamine for 20 min. The bulk of F-actin in both treated cells became less in comparison

with that in the control cells. A – D: �600; Bar: 20 �M.
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AR4-2J (42). In BAFCs, ML-9 did not attenuate the

first phase in UTP-induced [Ca2+]i mobilization in spite

of the disturbance of the actin-network. Therefore, in

our experimental condition, the possibility that cyto-

chalasin D may have some direct inhibitory effect on

InsP3 producing cascade can not be denied. Watanabe

et al. (14) and Takahashi et al. (15) reported the inhi-

bitory effect of ML-9 on TG- and agonist-induced Ca2+

influx in porcine aortic endothelial cells. Although the

morphological studies were not reported in those arti-

cles, they speculated the involvement of the cytoskeleton

in Ca2+ entry induced by Ca2+ store depletion. In rat

hepatocyte, it has been reported that InsP3 receptors

localized sub-regions of ER interact with the plasma

membrane through F-actin (43, 44). Rosado and Sage

(45) also showed the involvement of intact actin cyto-

skeleton in SOCs activation in platelets. They concluded

that ER transport toward the plasma membrane was an

important process in SOCs activation (46). These reports

and our results strongly suggest that the interaction

between ER and plasma membrane mediated by F-actin

plays a pivotal role in SOCs regulation. However,

Ribeiro et al. (47), by contrast, reported that depoly-

meryzation of F-actin by cytochalasin D inhibited ATP-

and platelet derived growth factor-elicited Ca2+ influx

but not TG-induced Ca2+ influx in the NIH3T3 cell

line; and Bakowski et al. (48) showed that both the

stabilization and disruption of F-actin did not inhibit

IP3-induced ICRAC activation in RBL-1 rat basophilic

cell line. They proposed that an intact actin cytoskeleton

was not necessary for SOCs activation. Also, Patterson

et al. (49) showed that disruption of F-actin with

cytochalasin D did not inhibit SOCs in DDT1MF-2

smooth muscle cells. On the contrary, jasplakinolide,

the marine sponge toxin, which induces polymerization

and stabilization of F-actin (50) caused a dense accumu-

lation of F-actin in the periphery and inhibited Ca2+ entry

by TG. They conclude that the cortical dense F-actin

layer displaced ER some distance away from the plasma

membrane to inhibit SOCs. The reason for these dis-

crepancies is not clear, but there might be qualitative

and quantitative differences on F-actin structure and /or

the localization of ER between the cell types or primary

cultured cells and the passed cell lines (51). To certify

the close relation between the [Ca2+]i mobilization and

the dynamic change of the actin-network in SOCs acti-

vation in BAFCs, the real-time determination of both

phenomena in a single cell remains to be studied in

BAFC.

Although several mechanisms might be involved in

the regulation of SOCs in different cell types (52), our

results strongly suggest that, in BAFCs, actin network

Fig. 8. Effect of cytochalasin D on UTP-induced [Ca2+]i mobili-

zation (A) and F-actin (B) in BAFCs. A: BAFCs were treated

with 25 �M cytochalasin D for 60 min before the addition of

10 �M UTP in the presence of extracellular Ca2+ (1.2 mM). Data

was obtained by use of single-cell Ca2+ imaging. Typical tracings

in the 2 experiments are shown. B: BAFCs were treated with

25 �M cytochalasin D for 30 min. �600, Bar: 20 �M.
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integrity seems to be important for the activation of

SOCs. Thus it would be obligatory to maintain the

spatiotemporal integrity among plasma membrane,

actin-network, and ER to enable UTP-induced SOCs

activation in BAFCs.
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