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Visualizing Memory Allocations in the Drosophila Brain

Creating long-term memory (LTM) requires allocation of learned information through new protein synthesis
to specific neurons and synapses in a neurocircuit. To study circuit mechanisms regulating memory allocation
in the whole brain, we need tools for deep-tissue imaging of learning-induced changes in synaptic proteins
within individual neurons at single-molecule resolution. Optical super-resolution microscopy allows 3D
visualization of single protein molecules, but only within a limited depth because of light scattering and
aberration within tissues. Here, we report the deep-tissue super-resolution (DSR) microscopy, achieved
single-molecule localizations in the whole Drosophila brain. Applying an improved Bessel beam plane
illumination to the optically-cleared brain, the DSR allows deep-tissue localization of spontaneous blinking of
single fluorophores tagged to any molecules of interest. Successful mapping individual proteins in the whole
brain showed that LTM requires allocation of newly synthesized vesicular monoamine transporter proteins to
specific axonal sectors within a single DPM neuron innervating nearly the whole mushroom body, the memory
center in the Drosophila brain. Together with the previous findings of postsynaptic dendritic allocation of
memory proteins in the specific MB output neurons, our results implicate a sector-specific circuit mechanism
involving also presynaptic axonal allocation of learning-induced proteins to regulate LTM formation.
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