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Figure 10 Construction and targeting of
cameleon-based Ca?* probes.

(A) Chimeric yellow cameleon probes. Chi-
meric cDNAs were constructed by fusing in tan-
dem the cDNA for either full-length caveolin-1
(CYC) or the N-terminal 20 amino acids of
neuromodulin (NYC) with the cDNA for yel-
low cameleon 2.1 (YC).

(B) Fluorescence and immunogold visualiza-
tion of cameleon proteins. Primary bovine en-
dothelial cells were transiently transfected with
the indicated cDNA and processed for indirect
immunofluorescence localization of caveolin-1.
(C) Immunogold labeling for CY C. Endothe-
lial cells transiently transfected with CYC were
processed for indirect immunogold (10 nm gold,
arrows) localization of GFP. Thus, CYC is cor-
rectly targeted to invaginated caveolae.
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Figure 20 L ocalized Ca?* concentration of cytoplasmic face
of caveolae of unstimulated endothelial cells. Upper and lower
schema show Ca?* gradient across the plasma membrane in the
absence (nominally free Ca?") or presence of extracellular Ca?*,
respectively. Note that [Ca?*] at caveolae is approximately 10
times higher than bulk cytosolic Ca?* and even higher than that
beneath non-caveolar plasma membrane.
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Figure 30 Ca?* store depletion-induced changesin [Ca*'] detected by CYC, NYC, or YC.

Primary bovine endothelial cells were transiently transfected with the indicated cDNA. Cells were incubated in nominally Ca?*-free
medium for 5 min after the addition of 50 uM ATP and 4 wM thapsigargin to deplete ER Ca?* stores. (A-C) Five minutes later, the
indicated concentration of Ca?, from 12uM to 1.2mM, was sequentially added to the dish. (D) Average [Ca?*] detected by CYC,
NYC, and YC when the extracellular concentration of Ca?* is increased following depletion of ER stores. Note that Ca?* influx
detected by CYC is significantly larger than that of NYC, suggesting that caveolae are preferred sites for store-operated Ca?* entry.
(E) Pseudo-colored ratio images of a single cell transfected with CYC. Images are just before and after addition of 1.2mM Ca?*,
showing a Ca?* increase at caveolin-rich cell edges.
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Figure4 Store-operated Ca® entry strongly stimulates NO production.

(A) Following store depletion with 50uM ATP and 4M thapsigargin in the absence of extracellular Ca?*, 120uM Ca?* was added.
For simultaneous monitoring of [Ca?*]i and NO production ([NOJi), cells co-loaded with Fura Red and DAF-2 were excited with a
488nm Ar laser and an 8-hit pair images corresponding to emission 500-535nm for DAF-2 and emission 600 - 650nm for Fura Red
were acquired. [Ca*]i and [NO]Ji in grouped cells (50-60 cells) was expressed as fluorescence of Fura Red and DAF-2 fluorescence
with an arbitrary unit shown in the left and right ordinate, respectively. Note that fluorescence of Fura Red decreases as [Ca%]i
increases, while fluorescence of DAF-2 increases as [NOJi increases. An acute peak in [Ca®"]i evoked by ATP and thapsigargin
stimulated little NO production. In contrast, re-addition of 120uM Ca?* strongly stimulated NO production.
(B) Each image was processed by calculating the ratio of each pixel to the corresponding pixel of the basal image (F/Fo).
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Figure5 Sitesof Ca? wave initiation move with caveolae to the upstream cell edgesin response to fluid shear
stress. (A) ATP-induced endothelial Ca?* waves originate at caveolin-rich cell edges (arrows). Upper panel shows Indo-1
loaded cell images just beginning to initiate Ca?* wave and lower panel shows corresponding immunofluorescence for caveolin-
1. (B) Shear stress of 20 dynes/cm? for 24 hours induces caveolin localization (left images in red) and the initiation site of
ATP-induced Ca?" wave (arrows) to the upstream cell edges (sequential pseudo-colored ratio images). Direction of shear
stress is from right to left. (C) Simulataneous relocation of caveolin-1 and Gag1: in response to shear stress of 20 dynes/

cm? for 24 hours.
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Ca? Signaling from Caveolae and Regulation of NO Production

Masashi Isshiki and Toshiro Fujita

Department of Nephrology and Endocrinology, Graduate School of Medicine,
The University of Tokyo, Tokyo, Japan
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Intracellular Ca?* is a second messenger that is organized spatially and temporally, exerting functional versatility. In
endothelia cells, eNOS, which isregulated by Ca?, islocalized at small plasma membrane invaginations called caveol ae.
By targeting GFP-based Ca** sensing protein, cameleon, to caveol ae or general plasma membrane, Ca?* dynamics at such
localized regions was evaluated. In the unstimulated condition, Ca?* at caveolae is higher than that at non-caveol ae.
Importantly, caveolae are preferred sites for capacitative Ca?* entry linked to NO production. ATP-induced Ca?* waves,
which are organized from IPs-induced Ca?* release from intracellular stores, originate at caveolin-rich cell edges. A
higher Ca?* concentration at caveolae may contribute to higher sensitivity of 1Ps-induced Ca?* release from | Ps receptors.
In response to shear stress, these initiation sites move to the upstream cell edges, where ATP-induced Ca?* waves invari-
ably originated and G.y11 molecules were co-localized. Thus, caveolae can work as Ca?* signaling containers, which
move to other locations on demand for the adjustment of cellular function including NO production.

(J. Jpn. Call. Angiol., 2003, 43: 87-93)
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