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Abstract

Neuronal communication at excitatory synapses is shaped by astrocytes and their perisynaptic
processes through mechanisms such as local astrocytic neurotransmitter uptake and release of
signalling molecules. However, the coverage of individual synapses by perisynaptic astrocytic
processes varies strongly between synapses and the rules and mechanisms that govern
perisynaptic astrocyte morphology and function is only partly understood. Therefore, we explored
the patterns of astrocyte coverage of individual excitatory synapses in the CA1 stratum radiatum
of the hippocampus using superresolution microscopy, glutamate imaging and electrophysiology.
Unexpectedly, we discovered that larger spines are, relative to their size, less strongly covered by
astrocytes and their glutamate transporters and that glutamate uptake at these synapses is less
efficient. Investigating the endogenous mechanisms controlling perisynaptic astrocyte
morphology, we uncovered that long-term potentiation of synaptic transmission induces a
withdrawal of astrocytic processes from potentiated synapses on a time scale of minutes.
Importantly, this acute withdrawal increased the spread of synaptically released glutamate in the
tissue, which promoted synaptic crosstalk via N-methyl-D-aspartate receptors. Our results reveal
new rules and mechanisms that control local perisynaptic astrocyte processes, local glutamate
uptake and the spatial fidelity of excitatory synaptic transmission.
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