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In Brief

By single-molecule tracking, Schneider

et al. demonstrate the dynamic

organization of presynaptic calcium

channel populations in hippocampal

neurons. The data suggest that channel

mobility promotes cooperativity of

calcium influx and serves as a potential

means to control vesicle release

probability.

Schneider et al., 2015, Neuron 86, 672–679
May 6, 2015 ª2015 Elsevier Inc.
http://dx.doi.org/10.1016/j.neuron.2015.03.050

mailto:martin.heine@lin-magdeburg.de
http://dx.doi.org/10.1016/j.neuron.2015.03.050
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuron.2015.03.050&domain=pdf


Neuron

Report

Mobility of Calcium Channels
in the Presynaptic Membrane
Romy Schneider,1 Eric Hosy,4,5 Johannes Kohl,7 Julia Klueva,1,3 Daniel Choquet,4,5,6 Ulrich Thomas,2 Andreas Voigt,8

and Martin Heine1,*
1Molecular Physiology Group
2Department Neurochemistry
3Presynaptic Plasticity Group

Leibniz Institute for Neurobiology, D-39118 Magdeburg, Germany
4University of Bordeaux
5CNRS, Interdisciplinary Institute for Neuroscience, UMR 5297
6Bordeaux Imaging Center, UMS 3420 CNRS, US4 INSERM, University of Bordeaux

F-33000 Bordeaux, France
7Harvard University, Department Molecular and Cellular Biology, Cambridge, MA 02138, USA
8Otto-von-Guericke-University Magdeburg, Systemverfahrenstechnik, Universitätsplatz 2, D-39106 Magdeburg, Germany
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SUMMARY

Unravelling principles underlying neurotransmitter
release are key to understand neural signaling.
Here, we describe how surface mobility of voltage-
dependent calcium channels (VDCCs) modulates
release probabilities (Pr) of synaptic vesicles (SVs).
Coupling distances of <10 to >100 nm have been re-
ported for SVs and VDCCs in different synapses.
Tracking individual VDCCs revealed that within hip-
pocampal synapses, �60% of VDCCs are mobile
while confined to presynaptic membrane compart-
ments. Intracellular Ca2+ chelation decreased VDCC
mobility. Increasing VDCC surface populations by
co-expression of the a2d1 subunit did not alter chan-
nel mobility but led to enlarged active zones (AZs)
rather than higher channel densities. VDCCs thus
scale presynaptic scaffolds to maintain local
mobility. We propose that dynamic coupling based
on mobile VDCCs supports calcium domain cooper-
ativity and tunes neurotransmitter release by equal-
izing Pr for docked SVs within AZs.

INTRODUCTION

Themolecular architecture of active zones (AZs) ensures the pre-

cision and adjustability of synaptic vesicle (SV) release. This in-

volves a tight coupling of presynaptic voltage-dependent cal-

cium channels (VDCCs) and calcium sensor proteins on

docked SVs. Experimentally, differential shaping of intracellular

calcium domains by chelators such as EGTA and BAPTA has

been used to assess channel-sensor coupling and modeling

has led to various testable hypotheses (Eggermann et al.,

2012). Protein-protein interactions that directly or indirectly link

VDCCs to SVs are described (Catterall, 1999; Davydova et al.,

2014; Kaeser et al., 2011; Liu et al., 2011; Wong et al., 2014).

However, the precise modalities of channel-sensor coupling, in

particular its dynamic aspects, remain unclear. Tight coupling

of 10–20 nm was uncovered for cortical GABAergic Schaffer

collateral and glutamatergic cerebellar synapses (Bucurenciu

et al., 2008; Schmidt et al., 2013). In this scenario, a single chan-

nel opening can trigger vesicular fusion and release probabilities

(Pr) may be rather uniform as long as channels are evenly distrib-

uted within AZs and exceed the number of docked vesicles

(Ermolyuk et al., 2013; Holderith et al., 2012; Scimemi and Dia-

mond, 2012). Loose coupling of 100 nm along with higher

VDCC numbers were reported for other types of synapses and

probably contributes to presynaptic plasticity (Borst and Sak-

mann, 1996; Meinrenken et al., 2002; Vyleta and Jonas, 2014).

Pr even varies considerably between synapses in single axons,

i.e., for a given type of synapse. Such fluctuations can result

from differences in the number of readily releasable SVs but

also from synapse-specific rates of Ca2+ influx due to matura-

tion- or plasticity-related differences in the subtype composition,

activity state, local density, and positioning of Ca2+ channels

(Holderith et al., 2012; Ermolyuk et al., 2012; Li et al., 2007;

Reid et al., 1997).

Assuming a low to moderate density of VDCCs within AZs, we

wondered whether VDCC mobility contributes to a dynamic

mode of channel-sensor coupling. Using single particle

tracking-photoactivated localization microscopy (sptPALM),

we monitored mEOS2-tagged a1 calcium channel subunits at

high spatio-temporal resolution in cultured hippocampal neu-

rons. We found that a substantial fraction of CaV2.1 (P/Q)- and

CaV2.2 (N)-type channels is mobile within presynaptic areas.

We assessed various parameters for their impact on channel

mobility and found that it is largely unaffected by a2d1 subunit-

mediated increase in synaptic VDCC abundance and by an

acute depletion of the readily releasable pool (RRP) of SVs. In

contrast, intracellular calcium chelation uncovered Ca2+-depen-

dent regulation of channel mobility. To integrate these findings,

we performed computational modeling, which suggests that

the interplay between channel densities, mobility, andCa2+ influx
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