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Summary

In A7r5 vascular smooth muscle cells, the two expressed and cyclopiazonic acid could induce the redistribution.

inositol 1,4,5-trisphosphate receptor (IBR) isoforms were
differentially localized. IP3R1 was predominantly localized
in the perinuclear region, whereas IBR3 was
homogeneously distributed over the cytoplasm. Prolonged
stimulation (1-5 hours) of cells with 3 pM arginine-
vasopressin induced a redistribution of IBR1 from the
perinuclear region to the entire cytoplasm, whereas the
localization of IP3R3 appeared to be unaffected. The
redistribution process occurred independently of IBR
downregulation. No structural changes of the endoplasmic
reticulum were observed, but SERCA-type C& pumps
redistributed similarly to IP 3R1. The change in IBR1
localization induced by arginine-vasopressin could be
blocked by the simultaneous addition of nocodazole or
taxol and depended on C# release from intracellular
stores since C&*-mobilizing agents such as thapsigargin

Furthermore, various protein kinase C inhibitors could
inhibit the redistribution of IP 3R1, whereas the protein
kinase C activator 1-oleoyl-2-acetyl-sn-glycerol induced the
redistribution. Activation of protein kinase C also induced
an outgrowth of the microtubules from the perinuclear
region into the cytoplasm, similar to what was seen for the
redistribution of IP3R1. Finally, blocking vesicular
transport at the level of the intermediate compartment
inhibited the redistribution. Taken together, these findings
suggest a role for protein kinase C and microtubuli in the
redistribution of IP3R1, which probably occurs via a
mechanism of vesicular trafficking.

Key words: Calcium stores, Calcium, Cytoskeleton, Protein kinase
C, Intracellular calcium channel

Introduction

may contribute to this intricate pattern (Patel et al., 1999). There

Cellular activation by many agonists results in the stimulatiofs evidence that global responses, such & @aves and
of phospholipase C (PLC) and the subsequent hydrolysis @scillations, are generated by the recruitment of a threshold

phosphatidylinositol  4,5-bisphosphate to inositol

trisphosphate (18 and diacylglycerol (DAG) (Berridge, 1993).

1,4,5-number of C&* puffs (Bootman and Berridge, 1995; Marchant

and Parker, 2001; Van Acker et al., 2000).2'Cauffs

Each of these two molecules exerts a specific effect in the celhemselves can provide highly localized signals leading to
The increased DAG concentration leads to the activation d#ctivation of specific phenomena such as muscle relaxation in

protein kinase C (PKC) while $Pbinds to the IBreceptor

smooth muscle cells (Nelson et al., 1995). The intracellular

(IPsR), an intracellular CGa-release channel located in the localization of the C# channels plays an important role in

endoplasmic reticulum (ER), thereby inducing?Ceelease

these processes because the subcellular distribution of the puff

from internal stores. A prolonged stimulation of cells withsites determines the spatial pattern of thé*Gignals.

agonists, however, results in downregulation of thsR#Pand

The distribution of IBRs is dependent on isoform and cell

this appears to be a cell- and agonist-specific process (Sipriye as recently shown in, for example, pancreatic and salivary
et al., 1998; Wojcikiewicz, 1995). This downregulation resultgland cells (Lee et al., 1997; Zhang et al., 1999), oocytes
from an accelerated 3R degradation (Wojcikiewicz et al., (Fissore et al., 1999), aortic smooth muscle cells (Tasker et al.,
1994) and is mediated by the ubiquitin-proteasome pathwa3000) and aortic endothelial, adrenal glomerulosa and COS-7
(Oberdorf et al., 1999). cells (Laflamme et al., 2002). Differences in properties and
Cé&* signals evoked by agonist stimulation have complexdistribution of IRR isoforms can therefore determine the cell-
temporal and spatial characteristics, and the underlyingpecific pattern of the €& signals (Hirata et al., 1999).
mechanisms are not yet fully understood (Berridge et al., 1998Yloreover, a particular isoform can have multiple locations in
The differential regulation of the 4R isoforms by various a cell. In myotubes of cultured mouse muscle, for example,
modulators of IRinduced C&* release, such asdRcytosolic  IPsR1 is localized in both the perinuclear region and at the |
Cé&*, ATP, calmodulin and phosphorylation by several kinasedyand of the sarcoplasmic reticulum (Powell et al., 2001).
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Finally, the localization of IfRs can change in response toterminus of IBR1 (Parys et al., 1995), as well as with the anti-
Ca* elevations (Wilson et al., 1998). In RBL-2H3 cells;RR loopl17a-2 antibody against the luminal?Gainding site (Maes et
forms large clusters after treatment with 2Gmobilizing  al., 2001), the anti-cytl3b-1 antibody against thé*@nding domain
agents. This redistribution required a sustainett ®élux, but ~ 3b localized in the If2binding domain (Sipma et al., 1999), and an
the precise mechanism is not yet understood. An increase inity-purified antibody directed against amino acids 1829-1848

. ; ffinity BioReagents, Golden, CO).
cytosolic C&* concentration can also affect ER structure : : .
(Subramanian and Meyer, 1997: Wilson et al., 1998). IP3R3 was localized with the monoclonal antibody MMAtype 3,

. . btained from Transduction Laboratories (Lexington, KY), that
Cytoskeletal ~ elements, such as microtubuli  andecognizes the N-terminal region ofsRB (De Smedt et al., 1997).
microfilaments, can also contribute to the maintenance of local protein disulfide isomerase (PDI) and BiP were visualized with

C&* spikes and can determine the position of th&"@zease  monoclonal antibodies raised against purified rat PDI (Affinity

apparatus via a local organization of the ER (Fogarty et al., 200BioReagents, Golden, CO) and the C-terminus of human BiP
Furthermore, the cytoskeleton can change rapidly in response(fansduction  Laboratories,  Lexington, KY), respectively.

extracellular signals (Keenan and Kelleher, 1998). PKC, whickarco(endo)plasmic reticulum €aATPase (SERCA) was localized

is activated after agonist stimulation (Nishizuka, 1988), haysing the AS809-27 polyclonal antibody directed against amino acids
recently been found to have a substantial effect on th809-827 of SERCA1a that recognizes all SERCA isoforms (Mgller et

microtubules. In neuronal growth cones, activation of PK@l.jrr%g%?r?t.ia-tubulin monoclonal antibody (Sigma), raised against an
resulted in a rapid growth of the microtubules (Kabir et aI.,ZOOlzé y (Sigmay), g

. . . . R pitope located in the C-terminal endoefubulin, was used to detect
In this study, we investigated the intracellular localization ok “microtubular network. Fluorescein isothiocyanate  (FITC)-

IPsR1 and IBR3 in A7r5 vascular smooth muscle cells. A7r5 conjugated secondary goat anti-mouse and goat anti-rabbit antibodies
cells have been used as a model system for studydRiLIP were from Sigma.

function (Missiaen et al., 1996; Missiaen et al., 1998). It also

was recently found that sfinduced C&" release, capacitative

Ca* entry and proliferation in A7r5 cells predominantly mmunofluorescence of IPsR1 and IPsR3 _
depended on the type 1 isoform (Wang et al., 2001). We fourfdPr confocal microscopy, A7r5 cells were seeded at a density of

that IBR1 and IBR3 were differently localized in these cells. 89?‘0 hce”S/C_’ﬁ in two-well Chambgredsgoéerrglgsseds-l\ﬂ?f?“'ation
; ; ; ; ith the various reagents occurred at 37°C if*€an -free
Moreover, after prolonged agonist stimulation, an Intrace”ula‘glulbecco’s phosphate-buffered saline (PBS) for the times indicated

redistribution of 1BR1 but not of IBR3 was observed. This in the legends of the figures, unless otherwise indicated. Control

redistribution was dependent on PKC activation and the integrila/e”S were incubated accordingly in PBS. After incubation, cells

of the microtubular network, and occurs most probably Vigyere fixed in 3% paraformaldehyde in PBS for 15 minutes at room
vesicle trafficking. temperature. After permeabilization with 0.5% Triton X-100 in PBS
for 5 minutes, cells were washed three times in PBS. Non-specific
. binding sites were blocked with 20% goat serum in PBS for 1 hour
Materials and Methods before incubation with the primary antibodies, which were diluted
Materials in PBS containing 1.5% goat serum. Subsequently, cells were
Imipramine, [Ard]-vasopressin (AVP), thapsigargin, staurosporing,washed three times with PBS and incubated with the FITC-
nocodazole, bisindolylmaleimide | hydrochloride, 1-oleoyl-2-acetyl-snconjugated anti-rabbit or anti-mouse secondary antibody. As a
glycerol (OAG), cyclopiazonic acid (CPA), taxol, brefeldin A, Triton control, cells were treated as above but incubated with either the pre-
X-100 and goat serum were from Sigma (St Louis, MO). MG-132 anémmune serum of Rbt03 or with PBS before secondary antibodies
G0-6976 were from Calbiochem-Novabiochem (San Diego, CA)were added. The coverglasses were examined using a Zeiss confocal
Rhodamine-phalloidin was obtained from Molecular Probes (Eugendaser scanning microscope LSM 510 (CLSM) (Carl Zeiss, Jena,
OR). IPBBM was a kind gift from M. D. Bootman (Babraham, UK). Germany) with a Plan-Neofluar40x numerical aperture 1.3 oil-
immersion objective. FITC was excited at 488 nm using an argon
laser and fluorescent light was collected by a photomultiplier after
Cell culture passage through a 505 nm LP filter. For statistical analysis, random
A7r5 (ATCC CRL 1444) is an established cell line derived fromfields were chosen and cells were counted. A minimum of 100 cells
embryonic rat aorta. These smooth muscle cells were grown in 9%as counted in each independent experiment. Depending on the
COp at 37°C in Dulbecco’s modified Eagle medium supplementedocalization of IBR1, two cell types were discerned: (a) cells with
with 10% fetal calf serum, 0.9% (v/v) non-essential amino acids, 3.83R1 in a preferentially perinuclear localization, and (b) cells with
mM L-glutamine, 85 IU/ml penicillin and 8fg/ml streptomycin. a homogeneous distribution ofsfR1. When cells could not clearly
be assigned to one of these two categories, they were classified into
_ a third group, which is referred to as the intermediate state. The
Transfection intermediate cell type always amounted to less than 11% of the total
For transfection experiments, cells were seeded in two-welhumber of cells.
chambered coverglasses (Nunc, Naperville, IL) at a density of 6000 When indicated, 18 slices throughout the entire cell, with an
cells/cn®. After 48 hours, cells were transfected with QUHEYFP-  interval of 0.5um between each slice, were used to generate a Z-stack.
ER vector DNA, coding for an ER-targeted enhanced yellonEach of the images of the Z-stack was superimposed over the previous
fluorescent protein (EYFP) (Clontech Laboratories, Palo Alto, CA)ne to generate a flattened Z-stack.
and 3.4ul of FugenéM transfection reagent (Roche Diagnostics,
Mannheim, Germany). ] o
Visualization of ER and cytoskeleton
o For immunolocalization experiments, cells were treated as above,
Antibodies using anti-BiP (1/500), anti-PDI (1/100) and AS809-27 (1/300) for
Immunolocalization of I1BR1 was performed with the previously the detection of the various ER proteins. The ER was also visualized
characterized antibodies Rbt03 and Rbt04 directed against the @fter heterologous expression of ER-targeted EYFP. Coverglasses
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Cells were fixed, permeabilized and incubated with (A,B,D,E) Rk
polyclonal antibody (1/750) or (C,F) MMAtype 3 monoclonal
antibody (1/100), and subsequently treated with anti-rabbit FITC
(1/750) or anti-mouse FITC (1/500) secondary antibodies,
respectively. IBR localization was investigated in (A-C) resting ce
or (D-F) after stimulation with AVP (M, 5 hours). A flattened Z-
stack image of the confocal images ofRR was generated (A)
before and (D) after stimulation with AVP (B1). As a control, cells
were incubated either (G) with the pre-immune serum of Rbt03
(1/750) or (H) with PBS before treatment with secondary antiboc
Bar, 10pm.

Fig. 1.Subcellular localization of HR1 and IBR3 in A7r5 cells. . .

containing transfected cells were investigated 18 hours aftesl., 1998; Wang et al., 2001). MoreoverzgR2 seems to be
transfection with the Zeiss CLSM equipped with a Plan-Nedfluar more important than #R3, not only for IB-induced C&*
100x, numerical aperture 1.3 oil-immersion objective. release but also for capacitative?Cantry and proliferation
The microtubular network was visualized using the monoclonahang et al., 2001). The localization oL was investigated
antibody against-tubulin (1/2000) as the primary antibody. AS a ,qjnq"the Rbt03 antibody directed against the C-terminus of

control, cells were treated as above but incubated with PBS befo E R1. | timulated cells, 4R1 domi ty | ted
the secondary antibody was added. Since preservation of the3 -+ n unstimulated cells, was predominantly locate

microtubular structure may be dependent on the fixation procedurd) the perinuclear region resulting in a broad perinuclear ring-
we also analyzed microtubuli after fixation in methanol (_20°C’ d|ke structure. ThIS was Observed na ﬂattened Z-StaCk Of the

minutes). Finally, actin was visualized using rhodamine-phalloidin (icell (Fig. 1A) and in single confocal images (Fig. 1B), showing
unit/ml). that this distribution existed throughout the entire cell. A
number of isolated patches ofsHL were also detected near
Statistics the'peri.phery of thg _ceIIs. Identica_l results were obtained with
_ ... antibodies recognizing other epitopes okRE (data not
Data are represented as meansts.e.m. and considered S|gn|f|car§tiyown). In contrast, 4R3 displayed a more punctate staining

different whenP<0.05 by use of Student's unpairgdest. ‘h” P :
represents the number ofyindependent experimerl?ts. E)él_tteTé)homogeneously distributed over the entire cytoplasm
ig. .

Results and Discussion

Intracellular localization of IP3R1 and IP3R3 in A7r5 cells Redistribution of IP3R1 after prolonged AVP stimulation

We used immunofluorescent labeling and confocal microscoply has already been shown that in neutrophils, cellular
to visualize the IBRs in A7r5 cells, which are known to activation can affect the localization of the intracellula?*Ca
express IBR1 and IBR3 (De Smedt et al., 1994). In these stores (Stendahl et al., 1994). Furthermore, short-term agonist
cells, IBR1 is the predominantly expressed isoform andstimulation can also lead to clustering ofRB (Wilson et al.,
appears to be functionally different fromsH3 (Missiaen et 1998). Here we investigated the role of long-term agonist
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stimulation on the localization of 3Rs in A7r5 cells. After 0

prolonged stimulation of the cells (5 hours) with a — Pt 3 Cytoplasmic
supramaximal concentration of AVP |{81) and in the absence 707 IE"/i

of extracellular C#, a dramatic change was observed in the 60 —t

intracellular localization of I15R1. A redistribution of IBR1 < 50
from the perinuclear region to a more uniform cytoplasmics
distribution occurred (Fig. 1D,E), while no changes in the @

localization of IBR3 could be seen (Fig. 1F). Since the ~ 30 ] o,

redistribution was also observed after the separate confoc 20 - J s Perinuclear
images of the Z-stack were superimposed (Fig. 1D), i 10_/

represents an overall change in localization. Backgroun

fluorescence was negligible for both isoforms as shown in Fic 0 0 1 2 3 '4 5

1G,H. .
To quantify the level of redistribution of4R1, we assessed Time (h)
the number of A7r5 cells with the dR1 predominantly Fig. 2. Time course of IBR1 redistribution. The percentage of cells
localized in the perinuclear region, or homogeneouslyith IPsR1 located in the perinuclear region (squares) and in the
distributed in the cytoplasm. When comparing control cellsytoplasm (circles) after addition ofu®1 AVP is depicted for
with cells pretreated for 5 hours with AVP (BM), the different time periods. The dashed line represents the removal of
percentage of cells with a perinuclearsRR localization AVP (3uM) after 2 hours, after which the cells where incubated in
decreased from 74.3+3.2%=@3) in control cells to 21.3+1.3% PBS without C&" for the mdlcated time perlo_ds. Each result is the
(n=3) in AVP-stimulated cells. Simultaneously, the percentag@e.anis'e'm' from three independent experiments. The s.e.m. is not
of cells with a cytoplasmic BR1 distribution increased from 'ndicated when smaller than the symbol,
15.0+3.6% §=3) in control cells to 72.7+2.3%%3) in AVP-
stimulated cells. The number of cells in an intermediate stat®as shown to be much slower and more gradual (Sipma et al.,
was similar in control cells and in cells stimulated with AVP1998). Moreover, downregulation is an irreversible process
(10.7+1.2% p=3] and 6.0+2.5%r{=3], respectively). Identical (Oberdorf et al., 1999), whereas the redistribution was fully
observations were made in the presence of extracellufdr Careversible.
(1 mM), although the fluorescence signal was weaker, probably
because of enhanced degradation of thgR4$P(data not o ) _
shown). The redistribution of §R1 was observed with Rbt03, P3R1 redistribution can be induced by Ca?*-releasing
as well as with other antibodies directed against the N- or th@gents
C-terminal part of IBR1, excluding the possibility that the In A7r5 cells, AVP stimulates a single class of vasopressin
redistribution process only affected a fragment gRIP. receptors (Ya) leading to the activation of PLC,
Because prolonged stimulation of cells is known tophospholipase D and phospholipase e used the PLC
downregulate IgRs (Wojcikiewicz et al., 1994) via the activator imipramine (Fukuda et al., 1994) to examine whether
ubiquitin-proteasome pathway (Oberdorf et al., 1999), we alsthe inositol lipid signaling pathway was involved inzRd
investigated the redistribution of dRs in the presence of the redistribution. Imipramine (5QuM) added to the cells for 4
proteasome inhibitor MG-132. When added alone MG-132 (2@ours was able to induce the redistribution as effectively as
puM) affected the localization of BR1 (only 49.5+0.5%r=2]  AVP (3 pM) for the same time period (with imipramine
of the MG-132-treated cells had a perinucleanRIP  20.0+7.0% p=2] and with AVP 26.3+1.2%nE3] of cells with
localization). The AVP-induced redistribution, however, IP3R1 located in the perinuclear region) indicating that the
occurred to the same extent in the presence or absence of Mi@esitol lipid signaling pathway is involved. Since PLC
132 (26.3+1.9%1j=3] of cells with a perinuclear localization). activation leads to the production ofzlRnd DAG, we
investigated the role of each of these second messengers.
. o Raising only the intracellular $zoncentration by using a cell
Time dependence of IP3R1 redistribution permeable IPester (IRBM) (Thomas et al., 2000) induced the
To investigate the time course of the redistribution, weedistribution of IBR1 (data not shown). Furthermore,
visualized IBR1 in cells incubated with AVP for various times. increasing the free cytoplasmic €aconcentration by
Fig. 2 shows the percentage of cells with a perinuclear or @mptying the stores using the SERCA pump inhibitors
homogeneous distribution of dR1 as a function of time of thapsigargin and CPA also led to an identical redistribution of
incubation with AVP (3uM). Interestingly, during the first [P3R1 (Fig. 3).
hour, IBR1 remained localized in the perinuclear region. The
redistribution occurred mainly during the second hour after o _ o
AVP addition, after which it stabilized. We examined whetheKC is involved in the redistribution of IP3R1
this process was reversible by removing AVP after 2 hoursA common downstream target of DAG and?Cis PKC. We
Within one hour, there was a nearly full recovery of the originatherefore determined whether PKC could play a role in the
perinuclear distribution (dotted line in Fig. 2), indicating thatredistribution of IBR1. Activation of PKC with 5QuM of the
cells suffered no irreversible damage. Identical results werdiacylglycerol analog OAG for 5 hours caused the
obtained in the presence or absence of extracelluldt. Ca redistribution of IBR1 to the cytoplasm, which was nearly as
These results provide further evidence that the redistributioprominent as that obtained with AVP (Table 1). This result was
occurs independently of downregulation, since downregulatiowerified by the use of different PKC inhibitors (Table 1).
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Fig. 3. Effect of C&*-mobilizing agents on BR1 redistribution. The
percentage of cells with a perinucleagRR is depicted before and
after incubation with AVP (8M), thapsigargin (J1M) and CPA

(50 uM) for 5 hours. Each result is the meants.e.m. from three
independent experiments. *Significantly different from the control.

Staurosporine (200 nM), a broad-spectrum inhibitor of proteil
kinases, inhibited both the AVP- and thapsigargin-inducet
redistribution. When added alone, it had no effect on th
IP3R1 localization. Staurosporine, however, did not chang:
the cytoplasmic localization of $R3, showing that the
observed inhibition was not due to a general collapse of tt
ER structure around the nucleus (data not shown). The mo
selective PKC inhibitor bisindolylmaleimide | hydrochloride
(100 nM) added to the cells together with AVP induced only
a partial inhibition of the redistribution of 4R1, whereas the
inhibitor itself had no effect on the intracellular localization
of IPsR1. G0O-6976, a specific inhibitor of the P¥Gnd
PKCB isoforms, also had no effect on the localization of
IPsR1 itself, but again partially inhibited the redistribution
when added to the cells together with AVP. The partia
inhibition of the redistribution by bisindolylmaleimide |
hydrochloride and G6-6976 may be explained by the fact th:
these compounds differently inhibit the various PKC
isoforms. In A7r5 cells, three isoforms of PKC are activatec
upon stimulation with AVP, namely,  ande (Fan and Byron,
2000). Staurosporine (200 nM) inhibits thefi, Bi, y, 0 and

€ isoforms, bisindolylmaleimide | hydrochloride tle (i, o
and € isoform and G06-6976 inhibits the and (3| isoforms.
Taking the effects of the various PKC inhibitors into account
our findings therefore strongly suggest a role for at leas
PKCa in the redistribution process.

Role of the microtubular network in IP3R1 redistribution

Since PKC has been shown to modulate the cytoskeletc
(Keenan and Kelleher, 1998), which has an important functio
in vesicle trafficking processes, we investigated whethe
microfilaments or microtubules were involved inzRR

redistribution. Actin was visualized using rhodamine-
phalloidin. In resting cells, the actin microfilaments appeare
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Table 1. Effect of PKC activation and inhibition on the
AVP- or thapsigargin-induced IP3R1 redistribution

Perinucleary

localized IRR1
Condition (% of cells)
Control 74.3£3.1
AVP (3 uM) 21.3+1.3*
OAG (50 pM) 31.0+8.1*
Staurosporine (200 nM) 84.0£2.0
Staurosporine (200 nM) + AVP (3 pM) 75.7+4.5
Staurosporine (200 nM) + thapsigargin (1 pM) 78.7£3.5
Bisindolylmaleimide | hydrochloride (100 nM) 71.3+2.4

Bisindolylmaleimide | hydrochloride (100 nM) + AVP (3 uM)  52.7+0.9*
G06-6976 (0.5 pM) 74.7+3.7
G06-6976 (0.5 uM) + AVP (3 uM) 53.3+1.8*

AT7r5 cells were incubated for 5 hours with the PKC activator OAG alone
or with different PKC inhibitors in the presence of AVP (3 uM) or
thapsigargin (1 uM). The percentages of cells wigRIPlocalized in the
perinuclear region are shown. Each result is the meanzs.e.m. from three
independent experiments.

*Significantly different from the control.

IE'ig. 4.Visualization of the microtubular and actin cytoskeleton. Cells

were fixed, permeabilized and incubated (A,C,E) with aritibulin

/2000) or (B,D,F) with rhodamine-phalloidin (1 unit/ml).

%,C,E) Anti-mouse FITC (1/400) was used as secondary antibody.

as stress fibers dispersed over the whole cell (Fig. 4Bjhe microtubular and actin cytoskeleton was visualized (A,B) before

Stimulation for 5 hours with AVP or OAG did not lead to
significant structural changes (Fig. 4D,F).

and after (C,D) AVP (3M) or (E,F) OAG (50uM) treatment for
5 hours. Bar, 1Qum.
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Fig. 5. Effect of nocodazole and taxol orgFeL redistribution. The
percentage of cells with a perinucleagRR distribution is shown

after incubation with AVP (M) for 2 hours in the absence or
presence of nocodazole (M) or in the absence or presence of
taxol (LuM). Each result is the meants.e.m. from three independent
experiments. *Significantly different from the control.

Fig. 6. Endoplasmic reticulum structure of A7r5 cells. ER structure
was visualized in cells transfected with the pEYFP-ER vector, which

. . . . . . encodes an ER-targeted yellow fluorescent fusion protein. The
Microtubules were visualized using an antibody directegyeneral ER morphology of (A) unstimulated and (B) AVRI,
againstoi-tubulin. In unstimulated A7r5 cells, the microtubular 5 hours) stimulated cells did not show significant differences. PDI

network consisted of short tubules, which were predominantlyas visualized (C) before and (D) after stimulation with AVRNB
found around the nucleus, and long tubules located under tRehours) using the monoclonal anti-PDI antibody (1/100) and anti-
plasma membrane as can be seen in Fig. 4A. After 5 hours @puse FITC (1/750). Bar, jm.
stimulation with AVP (3uM), the microtubules had spread out
over the entire cytoplasm (Fig. 4C). Identical results were
obtained when PKC was activated with OAG for 5 hours (Fig.
4E). Visualizing the microtubules after fixation with methanolSpecific ER proteins redistribute after AVP stimulation
gave similar results (data not shown), although quantitativelffR structure is known to be susceptible to changes in
some differences were observed. In particular, although iphysiological situations such as oocyte maturation (Terasaki et
paraformaldehyde-treated cells about 80% of the cells werd., 2001) or after prolonged increases in cytosoli@*Ca
characterized by a tubular network concentrated around tfgdncentration (Subramanian and Meyer, 1997). In addition, it
nucleus, such a pattern was only detected unambiguously vas shown that PKC could protect the structure of the ER from
about 30% of the cells after methanol fixation. This patterhe effects of abnormally high cytosolic €aconcentrations
was, however, seldom found after AVP or OAG treatment, an(Ribeiro et al., 2000). Since thes®Ris mainly an ER-residing
this was independent of the fixation technique. PKC haprotein, we first verified whether the gross morphology of the
already been shown to affect the microtubules. In neuron®R was modified after agonist stimulation. To visualize the ER
growth cones, activation of PKC increased the growth lifetimatructure, cells were transfected with the pEYFP-ER vector,
of the microtubules, thereby promoting the extension of thevhich encodes an ER-targeted yellow fluorescent fusion
distal microtubules from the central domain into the F-actinprotein. The effect of prolonged incubation with AVP on ER
rich peripheral domain where they are normally excludedtructure was examined 18 hours after transfection. Confocal
(Kabir et al., 2001). images of paraformaldehyde-fixed cells were obtained from
To further investigate the potential role of the microtubulesontrol cells and from cells treated with AVP |(81) for 5
in the redistribution process, we used the microtubulehours. Fig. 6A shows a representative control cell. The ER
disrupting agent nocodazole and the microtubule-stabilizingppeared as an intricate network of tubules and vesicular
agent taxol. Fig. 5 shows the number of cells that containedsaructures expanding from the nuclear envelope to the
perinuclear IBR1 distribution after 2 hours of stimulation with periphery of the cell. Incubation of cells for 5 hours with AVP
AVP (3uM) in the absence or presence of nocodazol@80  did not lead to significant changes in ER morphology (Fig. 6B).
or taxol (1pM). The results show that both nocodazole andlo avoid possible fixation artifacts, identical experiments were
taxol could completely inhibit the AVP-induced redistribution, performed on intact cells, with similar results (data not shown).
while each agent itself had no effect on the perinuclear Furthermore, we investigated whether typical ER-residing
localization of IRR1 (Fig. 5). Interestingly, neither compound proteins displayed a similar behavior agRP. PDI was
affected the localization of $R3 (data not shown). Taken homogeneously distributed over the entire cell, both in
together, these results clearly indicate an important role for thenstimulated and AVP-stimulated cells (Fig. 6C,D). Staining
microtubular network in I8R1 redistribution. patterns for the chaperone protein BiP were identical to those
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Another possibility is that HR1 is located in the perinuclear
region and redistributes to the ER through vesicle trafficking.
To investigate this hypothesis we first verified whether
brefeldin A could affect IBR1 localization. Brefeldin A (2
pg/ml) treatment for 2 hours induced a complete redistribution
of IP3R1 (after treatment: 2%3.7% [=4] cells with a
predominant perinuclear localization), suggesting that vesicle
trafficking might be involved.

Because the perinuclear immunostainings ofRIP in
resting cells are suggestive ofsL being localized in the
vesiculotubular clusters of the intermediate compartment, we
incubated cells for 2 hours at 15°C. At this temperature, the
Fig. 7. Visualization of SERCA pumps in A7r5. Cells were fixed,  vesicular transport of proteins is blocked at the level of the
permeabilized and incubated with AS809-27 polyclonal antibody  intermediate compartment (Saraste and Kuismanen, 1984).
(1/300). Anti-rabbit FITC (1/750) was used as secondary antibody. Such treatment had no effect on the localization of thR1P
SERCA was visualized in (A) resting cells and (B) after stimulation (71.3+3.5% p=3] of cells with a perinuclear localization of
with AVP (3pM, 2 hours). Bar, 1m. IPsR1) but completely inhibited its AVP-induced

redistribution (after treatment 75.7+2.6%=B] of cells with

a perinuclear localization of $R1). Similar results were
of PDI and are consistent with ER structure staining (data naibtained when thapsigargin was applied to induce the
shown). redistribution.

Finally, we investigated the localization of the SERCA-type These results strongly suggest a role for vesicle trafficking
Ca&* pumps. These pumps are important for the filling of then the redistribution process. Moreover, our results concerning
Ca* stores, and are thought to functionally co-localize withthe AVP-induced redistribution of the SERCA pumps are in
the C&* release channels (Favre et al., 1996). Interestingly, igood agreement with this hypothesis. Indeed, it might be
unstimulated cells SERCA distribution was similar tgRP  expected that BR1 and SERCA redistribution are related.
distribution, i.e. predominantly found in the perinuclear regionAlthough both C&" transport proteins functionally co-localize
although to a lesser extent (51.0+1.28&3] of cells with  (Favre et al., 1996), there is no evidence for either a direct or
perinuclear SERCA compared with 74.3+3.26863] of cells  an indirect structural interaction between both. Finally, the
with perinuclear IBR1) (Fig. 7A). In addition, isolated results obtained in the presence of nocodazole or taxol indicate
peripheral patches were also found for SERCA. Aftethat the microtubular network, which is known to play an
stimulation with AVP (3uM) for 2 hours, a redistribution of important role in vesicular trafficking, is likely to be involved
SERCA occurred from the perinuclear region to a morén the redistribution. These results are in agreement with recent
homogeneous distribution over the entire cell (33.0+1.0%esults describing that the redistribution of the*'Gstores in
[n=3] of cells with a perinuclear SERCA) (Fig. 7B). Thesenewt eggs also required the microtubular network (Mitsuyama
results indicate that although the general ER structure is nahd Sawai, 2001). Moreover, PKC that also activatgR1P
affected, specific proteins involved in€aignaling processes, redistribution is related to microtubular outgrowth (Kabir et al.,
such as IBR1 and SERCA, are redistributed after prolonged2001) and to ER organization after excessivé*CGalease
agonist stimulation. (Ribeiro et al., 2000).

Potential role of vesicle trafficking in IPsR1 redistribution Conclusion

Although the ER can be considered as one continuous conclusion, our work indicates that prolonged agonist
membrane compartment, the subcellular localization o$timulation can lead to a redistribution of specific proteins
intracellular C&* release channels located to the ER may noinvolved in C&* signaling. In A7r5 smooth muscle cells, the
be uniform (Petersen et al., 2001). In A7r5 cells, it has beeredistribution affected BR1 and the SERCA pumps. This
shown that the perinuclear region functionally contained theedistribution process depends on PKC activity and on the
highest density of G4 stores (Blatter, 1995). In resting A7r5 integrity of the microtubular network and probably involves
cells, IBR1 is precisely concentrated in that region. In someesicle trafficking. The redistribution of €astore elements
cell types, it was shown that 3R1 localization could be might represent an adaptive response of the cell to prolonged
restricted by its interaction with scaffolding proteins such agellular activation.

homer (Tu et al., 1998; Salanova et al., 2002) or ankyrin-B

(Mohler et al., 2002). A restricted localization by interaction We thank Irene Willems, Marina Crabbé, Luce Heremans, Jerry
with cytoskeletal proteins could also be responsible fgR1P le?ﬁ‘fdler%CIXiz | P;”J,Svt ;r‘]rt‘:lg 'f/'\g'i%iﬂ% algg 'ée?hfalévr‘]’g?s for Eft‘eo'][
localized at the cell periphery (Sugiyama et al., 2000)><!"u : SSIS : wiedg g us gi
Prolonged cellular activzftionpmig)r/wt Enogu)llate theseinteractior)1[§DsBM by M. D. Bootman (Babraham, UK), of the AS809-27

and could result in the unrestricted movement eREPwithin antibody by J. V. Meller (University of Aarhus, Denmark), and the

. ssistance in the production of the anti-loopl17a-2 and anti-cytl3b-1
the structure of the ER. Results obtained thus far, however, (i‘ﬁtibodies by I. Sienaert. We thank M. Opas and S. Papp (University

not point to a significant role of homer or ankyrin irRP  of Toronto) and P. S. McPherson (McGill University) for stimulating
distribution in A7r5 cells (E. Venmans, E.V., H.D.S. and J.B.P.discussions. This work was supported in part by Grant 99/08 of the
unpublished). Concerted Actions of the K. U. Leuven.
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