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            Abstract
Ca2+-triggered synchronous neurotransmitter release is well described, but asynchronous release—in fact, its very existence—remains enigmatic. Here we report a quantitative description of asynchronous neurotransmitter release in calyx-of-Held synapses. We show that deletion of synaptotagmin 2 (Syt2) in mice selectively abolishes synchronous release, allowing us to study pure asynchronous release in isolation. Using photolysis experiments of caged Ca2+, we demonstrate that asynchronous release displays a Ca2+ cooperativity of ∼2 with a Ca2+ affinity of ∼44 μM, in contrast to synchronous release, which exhibits a Ca2+ cooperativity of ∼5 with a Ca2+ affinity of ∼38 μM. Our results reveal that release triggered in wild-type synapses at low Ca2+ concentrations is physiologically asynchronous, and that asynchronous release completely empties the readily releasable pool of vesicles during sustained elevations of Ca2+. We propose a dual-Ca2+-sensor model of release that quantitatively describes the contributions of synchronous and asynchronous release under conditions of different presynaptic Ca2+ dynamics.
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                    Figure 1: 
Calyx synapses in Syt2-deficient mice.
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Figure 2: 
Synaptic transmission evoked by isolated action potentials.
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Figure 3: 
RRP size, Ca
2+
 currents and release kinetics in Syt2-deficient calyx synapses.
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Figure 4: Relationship between peak vesicular release rates and [Ca2+]i in calyx terminals.[image: ]


Figure 5: 
A dual-Ca
2+
-sensor model for neurotransmitter release.
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A piece of the action
Neurotransmitter release at nerve terminals is triggered by an influx of calcium ions, either spontaneously or, as action potentials, in response to nerve impulses. In the latter case, release is fast (and synchronous) or delayed (asynchronous). Using the tools of genetics and electrophysiology, Sun et al. have teased apart synchronous and asynchronous releases, and propose the existence of independent calcium sensors for the two. They also develop a quantitative model to account for the full range of calcium-dependence of synaptic transmission.
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