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A brief recapitulation of the overwhelming recent progress in our understanding of
Ca** signaling and (patho)physiological processes linked to or associated with
depletion/refilling of the cells’ sarcoplasmic/endoplasmic reticulum led us to initi-
ate the compilation of a second edition, an update of this book, less than 5 years
after the release of the first edition. We kept the original structure to address the key
issues of (1) fundamental mechanistic concepts, (2) cross talk between organelle
and cell compartments, and (3) molecular and cellular (patho)physiology of these
processes. Each of these sections has not only been significantly updated by
amendatory, detailed information complementing the previous topics and chapters
but also extended by entirely novel aspects addressed in separate, new chapters.
Among these important extensions of the scope are the recently gained information
on the molecular structure of the STIM—Orai machinery at the atomic resolution
level (Chap. 2), novel insights into the supramolecular domain organization of the
STIM-Orai coupling machinery (Chap. 5), the recent developments in STIM—Orai
optogenetics (Chap. 7), novel insights into the structure and function of membrane
(in particular plasma membrane)-endoplasmic reticulum contact sites (Chaps. 15,
17), as well as recently gained knowledge on the role of SOCE in cancer (Chaps. 30,
31). In turn, a few other aspects were found better suitable for combined synopsis
within a single chapter such as integrative aspects of cardiovascular disease and
therapy (Chap. 24).

Overall, we hope that this second edition may be inspiring and supportive by
its comprehensive and timely information on the SOCE phenomenon for both
students and advanced colleagues who focus on SOCE-related aspects of
cellular Ca®* homeostasis. Even more, we hope that this updated compilation of
current expertise in SOCE signaling will serve as an influential knowledge base to
further groundbreaking developments in this steadily growing field of cell
biology/pathophysiology.

Graz, Austria Klaus Groschner
Graz, Austria Wolfgang F. Graier
Linz, Austria Christoph Romanin
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SOCE: Fundamental Mechanistic Concepts



James W. Putney

Abstract

This second edition volume will present an updated, state-of-the art description
and analysis of the rapidly expanding field of store-operated Ca** entry (SOCE).
And this first part will deal with the most fundamental mechanistic concepts
underlying this process. In this brief introduction, I will try to summarize the
historical development of the concept of store-operated Ca”* entry and say a bit
about some recent work that speaks to its general function in cell signaling.
Much of the material below is taken from the Introduction to the first edition,
updated for the second edition.

Keywords
Calcium channels ¢ Orai « STIM1 ¢ Oscillations * Store-operated channels ¢
Mouse models

1.1 SOCE: Historical Development of the Concept

Many would attribute the origins of this concept to my 1986 hypothesis paper in
Cell Calcium (Putney 1986), but in fact no idea is born in a vacuum, and much of
the key elements for this concept developed from much earlier findings. One earlier
and fundamental concept is that Ca®* signals can arise in two very general ways:
either by influx to the cytoplasm across the plasma membrane or by discharge to the
cytoplasm from storage depots within the cell. Although it is now clear that this is a
general property of Ca”* signaling pathways, it was the smooth muscle
physiologists who first appreciated it, based largely on the differential sensitivity
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