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Preface

No other intracellular messenger rivals Ca2þ for complexity. It has long been established that cells
use a variety of sources, buffers, and transporters to generate Ca2þ signals that span considerable
temporal and spatial ranges. Some of the fastest Ca2þ signals occur within neurons, and underlie
synaptic communication. These microsecond events provide nanoscopic Ca2þ transients that trigger
the release of neurotransmitter-containing vesicles. At the other end of the temporal and spatial scale
are signals such as the Ca2þ waves that persist for many tens of seconds and propagate within, and
between, cells of various tissues. The rhythmic peristaltic contraction of gut and airway smooth
muscle is driven by such repetitive, propagating Ca2þ waves. Given that cellular Ca2þ signals are
hugely diverse, it is not surprising that cells express a wide range of effector molecules to interpret
Ca2þ changes. Typically, these effector molecules bind Ca2þ ions directly, or via an intermediate/
adaptor protein, and then allosterically regulate the activity of other proteins. The ability of an effec-
tor molecule to sense and respond to Ca2þ depends on factors such as its affinity and location. By
mixing different Ca2þ sources with specific effectors, cells are able to utilize Ca2þ in a manner that
uniquely suits their physiological functions.

The rich diversity of intra- and intercellular Ca2þ signaling mechanisms requires that a range of
technical approaches are required to understand how cells generate and interpret particular Ca2þ

transients. Consequently, over the past decades, researchers within the Ca2þ signaling field have
been hugely inventive in driving perpetual methodological and technical advances to develop ever
more sensitive and sophisticated means of detecting Ca2þ signals and their significance. This volume
seeks to provide a resource for both novice and expert Ca2þ signaling researchers who are seeking to
develop, or refine, the techniques they use. Several chapters within this volume are dedicated to
Ca2þ-sensitive fluorescent reporters, and the different fluorescence imaging modalities (e.g.,
wide-field, confocal, FRET, two-photon) that are used in conjunction with these reporters. The rea-
son for this emphasis is obvious: since the first introduction of Quin2 by Roger Tsien and colleagues
in the early 1980s, the Ca2þ signaling field has been substantially propelled by findings obtained
using fluorescence imaging. Indeed, fluorescent reporters enable visualization of Ca2þ signals in
real time within subcellular domains, and the multiplexing of Ca2þ recordings with physiological
readouts. However, whereas fluorescence is by far the most commonly used method for character-
izing Ca2þ signals, it was predated by a number of techniques—electrophysiology of channels in situ
or in planar lipid bilayers, radioactive 45Ca2þ flux assays, and the use of Ca2þ-sensitive photopro-
teins—that are still vital in answering specific questions. Correspondingly, these topics are presented
in detailed chapters. The majority of techniques described in this volume were developed to monitor
Ca2þ signaling in mammalian cells. Nevertheless, they can be equally applied to other eukaryotic
cells, and in some cases, prokaryotic cells too. A number of chapters have been devoted to measuring
Ca2þ in specific cell types—oocytes, zebrafish embryos, neurons, cardiac myocytes, plants, and
yeast—that require particular technical approaches. Predominant plasma membrane and intracellu-
lar Ca2þ transport mechanisms are also described within this volume, as are techniques for charac-
terizing the relatively new Ca2þ-release pathways involving nicotinic acid adenine dinucleotide
phosphate (NAADP) and cyclic adenosine diphosphate ribose (cADPR), methods for modulating
intra- and intercellular Ca2þ signals using photolytic uncaging or electroporation, techniques for
assessing Ca2þ-binding kinetics, and insights into developing mathematical models of Ca2þ signal-
ing from empirical data.

From the outset, our aim was to compile a resource that was historically reflective while being
forward-looking, and technically detailed but also readable. We hope these goals have been achieved.
For some, the experimental protocols should encompass complete solutions for implementing new
techniques. For others, the protocols may provide suggestions or ideas that the reader can
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incorporate and adapt to extend their technical abilities. In either case, we hope for yet more fasci-
nating insights into Ca2þ signaling.

Our sincere thanks go to all the friends and colleagues that took time out of their busy schedules
to share their expertise by contributing to this volume. We are indebted to our coworkers, who over
the years have participated in the development and implementation of techniques in our respective
laboratories. In addition, we are very grateful to the members of Cold Spring Harbor Laboratory
Press who have assisted us so professionally, promptly, and with enduring enthusiasm. Particular
mention goes to Maryliz Dickerson at CSHLP for keeping both editors and authors in order with
her timely reminders of progress and things still to do. Maryliz ensured that we completed this proj-
ect instead of wandering back to the lab!

Jan B. Parys
Martin D. Bootman

David I. Yule
Geert Bultynck

May 2013
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