Preface

Wirtually every eukaryotic cell expresses at least some type of calcium channel, in the
plasma membrane, in intracellular organelles, or typically both. Calcium channels in
the plasma membrane have long been of interest to biologists because of their vulner-
ability to modulation by extracellular factors, with either pathological or therapeutic
consequences. Plasma membrane calcium channels are regulated by membrane volt-
age or by ligands, and in some cases by both. Not surprisingly, voltage-activated
channels are generally encountered in cells that depend largely on excitable behavior,
for example, muscle and nerve, Caleium channels that are activated by ligands are
more broadly distributed but are the exclusive mediators of ransmembrane calcium
flux in non-excitable cells, for example, blood cells and epithelial cells.

The history of voltage-activated caleium channels is nicely summarized in a review
by Richard Tsien [1], dating back to the seminal work of Sidney Ringer at the end of
the nineteenth century. In non-excitable cells, the history is more recent, and much of
the early work was carried out in smooth muscles, a tissue that expresses both voltage-
activated and ligand-gated calcium channels. It might be said that the first mechanis-
tic insights into calcium channels in non-excitable cells came not from studies of the
channels themselves bul of the initial receptor mechanisms upstream. By far, the most
commonly encountered receptor signaling mechanism leading to calcium regulation
in non-excitable cells is the receptor-activated phosphatidylinositol 4,5-bisphosphate—
dirccted phospholipase C. Through distinet downstream mechanisms, this initial enzy-
malic event gives rise to the activation of the two major classes of non-voltage-activated
calcium channels, the store-operated channels and TRPC channels, a subgroup ol the
larger TRP ion channel superfamily, The store-operated channels are activated in
response (o the depletion of endoplasmic reticulum stores by the phospholipase C prod-
wct, inositol 1,4.5-irisphosphate, while the TRPCs appear 1o be activated by phospholi-
pase C-mediated changes in membrane lipid composition. And not surprisingly, there
are instances in which the two channels interact and regulate one another. The history
of the phospholipase C signaling field is well described by Robert Michell [2], and the
Bastories of the TRP channels and store-operated channels are well described by Craig
Montell and Roger Hardie [3.4] and Jim Putney |3, respectively, This volume focuses
om physiologically and potentially clinically important channels in non-excitable cells,
pomarily the store-operated channels and TRP channels, including TRPC channels and
the highly Ca*'-selective TRPVS and TRPV6. In keeping with the theme of this series,
there is considerable emphasis on the specific methods required for studying them.
Thas topic was addressed in part in an earlier volume in this series published in 1999
focusing more broadly on calcium signaling [6]. An underlying impetus to produce the
 cwvent volume comes from the remarkable advances in this field in the past few years.
~ Following the discovery of the first mammalian TRP channels by Zhu and Birnbaumer,
e superfamily of TRF channels virtwally exploded. Afler years of false leads, the
mwolecular components of store-operated channels were revealed by the use of modern
- Bsh-throughput genetic screens, first the caleium sensor STIM, and subsequently the
pore-forming store-operated channel subunit, Orai,
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In addition to the in-depth analysis of the molecular and physiological aspects of
these channels, the reader will no doubt be struck by the breadth of methodological
approaches involved in studying them. Enough cannot be said of the contributions of
the late Roger Tsien in developing readily available chemical as well as genetically
encoded caleium indicators, making possible the measurement of caleium concentra-
tion in the cytoplasm and in organelles in real time. Complementing this approach
is the use of the techniques of electrophysiology, FRET, optogenetics, and x-ray
crystallography, (o name a few. Hopelully, this collection will be of use to scientists
investigating these important channels, from professor to graduate stadent, and in
academia, government, or indusiry.
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