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Light Sheet Fluorescence Expansion Microscopy:
Fast Mapping of Neuronal Connectivity at Super

Resolution

Understanding the architecture of neural circuits is an important but formidable task. Critical details of neu-
ronal connectivity - the synapses - occur on length scales of about 100 nm. Thus, imaging techniques reaching
optical super resolution are required. However, neurites extend over distances of millimeters and centimeters,
thus optical sectioning, a large field of view and a high imaging speed is required to cope with these complex
3D structures in an acceptable amount of time. Here we combined tissue expansion and light sheet fluores-
cence microscopy to allow volumetric of large mouse brain samples. These two methods are an ideal match to
obtain super-resolved images of extended neuronal circuits with three distinctive features, namely high imag-
ing rates of up to 40 Hz, high contrast and low photobleaching. We demonstrate the capabilities of our method
by comparing it with high resolution confocal laser scanning microscopy using an Airyscan detector to obtain
detailed high-resolution images of extended neuronal networks from the hippocampal mouse dentate gyrus
(DG). The Airyscan approach delivers high-resolution images featuring a lateral and axial resolution of 120
and 400 nm, respectively, for green fluorescence, but with limited contrast and a prohibitively low frame rate
of 0.1 Hz, considering the necessity to image the complete DG region of ~1mm³. Using light sheet fluorescence
expansion microscopy we achieved a virtual lateral and axial optical resolution of 75 and 450 nm, respectively,
thus performing fast volumetric super resolution imaging of mouse dentate gyrus. Our approach allows us to
observe autofluorescent proteins, thus avoiding antibody staining. In combination with Rabies virus staining,
specific cell types and selected connections between neurons may be studied. In this manner neural connec-
tions can be mapped throughout axially extended brain sections allowing a better segmentation of DG granule
cell neurites for further morphology analysis.
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