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Calcium is a unique ion that is used in a wide variety that C#* can control functions in extremely limited volumes,
of biological processes. The importance ofCtor biolog- estimated in nanometers (“nanodomains”).
ical tissues was discovered by Sydney Ringer in the early  The key role of C&" for neurotransmitter release was es-
1880s. Conducting experiments on isolated hearts, Ringertaplished by Katz and Miledi in the 1960s. Although the im-
observed that adding a small amount ofCm distilled wa-  portance of C& in synaptic transmission was mentioned in
ter dramatically prolonged the time that hearts would con- a number of earlier studi¢$4—16] two types of experimen-
tinue to bea(l]. This was a key discovery that led to intro- tal observations, obtained by Katz and CO-WOI"{QIE,].S],
duction of a famous physiological solution, acknowledged provided convincing evidence of the pivotal role ot éor
by subsequent generations of physiologists as “Ringer’'s so-neurotransmitter release.
lution”. Since then, a large variety of functions have been  The first clear evidence was presented by Katz and Miledi
established for this almost universal intracellular messenger.[17] in e|egant experiments onthe frog motor nerve terminal.
Calcium controls a diverse range of cellular processes, suchThe preparation was immersed in &2Gdree Ringer’s solu-
as gene transcriptiof2], ion channel functior{3], muscle  tion and a focal electrode filled with 0.5 M CaGbas placed
contraction and cell proliferatiofd]. To control multiple  on a synaptic spot. This electrode was the only source of

functions specifically, the distribution of &ais highly reg- ~controlled application of C4. The same electrode was also
ulated in the dimensions of space, time and concentrationysed for extracellular recording of pre- and post-synaptic re-
[5,6]. sponses to nerve stimulation (see schentégn 1A). When

The existence of G4 microdomains was recognized a a strong negative potential was applied to the pipette to
decade ago. In 1992, Augustine and Neher wrote “Intracel- stop C&* efflux, only pre-synaptic deflection was observed
lular C&* (Ca) signals should be restricted to spatial com- (Fig. 1B, b). Decreasing the negative voltage allowed release
partments of very small volume (typically less thaprh in C&* from the pipette and resulted in appearance of post-
diameter). Within such tight quarters, the rises in &a pre- synaptic responses with a fluctuating synaptic deféy. (1B,
dicted to be very large, on the order of tens or hundreds of a). The deflection due to the pre-synaptic spike was almost
micromolar”[7]. Indeed, at the squid giant synapse and in unchanged by variations of €a The authors conclude: “the
turtle hair cells[8,9] C&* entry was observed to generate action of calcium is concerned directly with the release of the
intracellular elevations of G4 of 100.M or more, initially transmitter”[17].
restricted to regions <m in diameter, indicating highly lo- Direct evidence was obtained from the squid giant synapse
calized action of C&. Fluorescence imaging in hippocampal  [18]. This preparation allows simultaneous intracellular mon-
neurons demonstrated that elevations qf¢aa be indepen-  jtoring of pre- and post-synaptic potentialid. 2A). When
dently restricted to individual dendritic sping] ortoden-  the preganglionic nerve was stimulated atintervals of 1-5 min
drites[11]. More recent observations of €amicrodomains following replacement of artificial sea water by “‘Cafree”
on dendritic spinefl2] and on aspiny dendrit¢£3] suggest  solution, the rise time of stimulation-induced post-synaptic

potentials (PSP) began to declifdd. 2B). As a result, the
mpondmg author. Tel.- +33 4 91 82 81 19, PSP-induced action potential “arose progressively later

E-mail addressegpbreges@inmed.univ-mrs.fr (P. Bregestovski), until eventually only the synaptic potential remained. The
nick@biomail.ucsd.edu (N. Spitzer). PSP continued to fall and became undetectable after a time
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Fig. 1. Calcium is a key ion for neurotransmitter release: evidence from the
frogs neuromuscular junction. (A) Experimental design of a focal recording
from a junctional spot of a frog sartorius muscle. The muscle was immersed
in C&*-free Ringer's solution containing 0.84 mM MgClIThe recording
pipette contained 0.5 M CaglEfflux of C&* was controlled electrophysi-
ologically, by applying a “strong” or “weak” negative voltage to the pipette.
(B) Effect of C#* on neuromuscular transmission; (a) weak negative volt- Fig. 2. Calcium is a key ion for neurotransmitter release: evidence from the
age was applied to the pipette, allowing efflux ofCaNote post-synaptic squid giant axon. (A) Experimental design for simultaneous intracellular
responses consisting of single unitary potentials with fluctuating synaptic récording of pre- and post-synaptic potentials from the isolated stellate gan-
delay (on the left); (b) C¥ efflux was stopped by applying a strong neg- glion of the squid I(. pealii). (B) Effect of C&Z* on post-synaptic responses
ative voltage to the pipette. Note absence of post-synaptic responses. orn t‘h_e_giant squid synapse. yertical dashed lines indicate the time when the
the left, several superimposed traces are shown at each stage; on the righ@tificial sea water (containing 9 mM €9 was replaced by “Cd-free”

automatically obtained average of 600 traces at each stage (modified fromsolution. Open circles indicate maximal slope of the post-synaptic potential.
Katz and Miledi[17,20). Closed circles show amplitudes of the post-synaptic potential aftéf-Ca

induced abolition of the action potential on the post-synaptic side. (C) Ex-
amples of traces corresponding to different times of recording in thé™Ca

which varied from 0.5 to 3 h in different preparatiorii8] free” solution (a—c) and during the wash with artificial sea water (d). Note
(Fig. 2B and C). This effect was reversibl&ig. 2C, d). the different voltage scales in (a) and (b), and (c) and (d). The post-synaptic
The amplitude and properties of pre-synaptic action1potential potential is abolished in a “Ca-free solution” and has largely recovered

i . 8 min after starting perfusion with artificial sea water containing 9 m¥'Ca
were not modified by changes of €aconcentration. (d) (modified from Miledi and Slatei8]).

These observations allowed to Katz and Miledi to con-
clude that “at the squid giant synapse as well as at the neu-
romuscular junction, external calcium ions are indispensable  The volume can be divided into three main parts. The first
for synaptic activity”[19]. focuses on “C& and development”, i.e. the role of &ain
Although roles of C&' in brain function are well docu-  neuronal induction and signal transduction during differen-
mented, there has been remarkable progress in recent yearsation, neuronal migration and process extension, and net-
in defining novel implications of this ion in the development work formation. The second, “€4 and neuronal network
and function of the nervous system. This area has expandedunction” discusses strategies and progress made in imaging
extremely rapidly. The goal of this issue is to discuss accu- techniques for analysis of properties of neuronal microcir-
mulating knowledge and key observations of the involvement cuits. The third addresses “€aand synaptic transmission”,
of C&* in formation of neuronal networks and modulation i.e. the functions of C& in regulating neurotransmitter re-
of synaptic function. lease and the activity of post-synaptic channels.
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Each review is accompanied by a short summary, so we[17] B. Katz, R. Miledi, The effect of calcium on acetylcholine release
will not provide the reader with descriptions of the articles from motor nerve terminals, Proc. R. Soc. Lond. B Biol. Sci. 161
by each contributor. Instead we invite you to continue read- ___ (1965) 496-503. . .
ing, which we hope will extend your knowledge of the mul- [18] R Miledi, _C.R. Slate_r, The action of calcium on neuronal synapses
. . . in the squid, J. Physiol. 1841 (1966) 473—-498.
tifaceted roles of CH in development and function of the  [19] B. Katz, R. Miledi, Input—output reaction of a single synapse, Nature
nervous system. 212 (1966) 1242-1245.

Finally, we would like to mention that this special issue [20] B. Katz, R. Miledi, Propagation of electric activity in motor nerve
continues the series of ‘Cell Calcium’ issues dedicated to the ___ terminals, Proc. R. Soc. Lond. B Biol. Sci. 161 (1965) 453-482.

| ts of | | hvsiol 2Cai i [21] W. Paschen, Mechanisms of neuronal cell death: diverse roles of
general aspects o molecular physiology ort.aignaling calcium in the various subcellular compartments, Cell Calcium 34

[21-25] Particularly important for the neuronal €asignal- (2003) 305-310.
ing are 2003—-2004 special issues dedicated to the moleculaf22] E.C. Toescu, Hypoxia response elements, Cell Calcium 36 (2004)
physiology of TRP receptof26-50]and the role of C& in 181-185.

ischemic brain damagEl—GG], which we Wholeheartedly [23] S. \_Nra}y, u. Raveps, A. Vgrkhratsky, D. ‘Eisner, Two centuries of
excitation—contraction coupling, Cell Calcium 35 (2004) 485-489.

rgcommend to the reader to Complement the current COIIeC_[24] M.D. Bootman, O.H. Petersen, A. Verkhratsky, The endoplasmic
tion of papers. reticulum is a focal point for co-ordination of cellular activity, Cell
Calcium 32 (2002) 231-234.

[25] D. Riccardi, The role of extracellular calcium in the regulation of
intracellular calcium and cell function. Some answers and more ques-
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