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Supplementary Fig. 15 

Structural dynamics in repeated volumetric LIONESS acquisition. Corresponding orthogonal 

planes in xy- and xz-direction from 6 consecutive measurements of the same tissue volume with 

LIONESS. The volume in an organotypic hippocampal slice was initially imaged 4 times within one 

hour and then again after one day and after three days, indicating tissue viability after repeated 

volumetric LIONESS imaging. Magnified views focus on a subregion with dendritic spines revealing 

morphodynamics. Scale bars, overview: 3µm, magnified views: 500 nm. White arrowheads at image 

edges indicate the position of corresponding orthogonal planes. Maximum intensity projections 

spanning 150 nm. Additional dark regions on day 1 and day 3 likely represent branched processes of a 

damaged cell that took up dye after repeated manual mounting of the sample, supported by a membrane 

for interface tissue culture, transfer to the microscope, volumetric imaging, unmounting, and transfer 

back to the tissue culture incubator.  
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Supplementary Fig. 16 

Correlating structure and morphodynamics with Ca2+-activity. 

a, Overview images in hippocampus with mossy fibres conveying excitatory input from DG granule 

cells (right) to CA3 pyramidal neurons (left). Scale bar: 25 µm. b, Volumetric LIONESS acquisitions 

at two timepoints (left: 0 minutes, right: 10 minutes) revealed morphodynamics of the complex interface 

between pre- and post-synaptic structures. The black arrowhead marks a structure changing over time. 

White arrowheads at image edges indicate the corresponding positions of xy- and xz- views. Scale bar: 

2 µm. c, Plane from the LIONESS volume overlaid with diffraction-limited signal from the calcium 

indicator GCaMP6s (green). LIONESS images are identical replicates providing structural context to 

the time-varying Ca2+-signals. Scale bar: 1 µm. d, Normalized GCaMP signal of the mossy fibre bouton 

shown on panel c as a function of time. e, GCaMP signal as a function of time (and location) recorded 

as an additional colour channel with the volumetric LIONESS acquisition for timepoint 0 min in panel 

b, indicating that Ca2+-activity continued during LIONESS acquisition. LIONESS images are maximum 

intensity projections spanning 150 nm.  
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Supplementary Fig. 17 

Correlating structural with electrophysiological information. a, Two CA1 pyramidal neurons after 

patch clamp recording and filling with fluorescent dye in organotypic hippocampal slice culture. 

Currents in neuron (2) elicited by triggered action potentials in neuron (1) reveal a synaptic connection 

in the paired recording (inset). Scale bar: 25 µm. Confocal images of positively labelled neurons (green) 

and extracellular label (grey) with low-numerical aperture objective. b, Region where axon of neuron 

1 overlaps with a dendrite of neuron 2, suggesting a synaptic connection in confocal imaging. Scale 

bar: 25 µm. c, Detailed view of overlap region with positively labelled structures (green) read out at 

diffraction-limited resolution with a high-numerical aperture objective, embedded in surrounding 

volume recorded with LIONESS. Orthogonal views in xy- and xz-directions, with arrowheads indicating 

the corresponding orthogonal section. The diffraction-limited xz-view of the positively labelled 

structures indicated a synaptic connection (top). The increased resolution and comprehensive labelling 

of all cellular structures in the LIONESS xz-view disclosed an intervening structure unrelated to the 

two patch-clamped neurons. Scale bars, xy-view: 2 µm, xz-view: 1 µm. Maximum intensity projections 

spanning 150  nm. 
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Supplementary Fig. 18 

Extending LIONESS tissue volumes. a, Orthogonal planes in xy-, xz-, and yz-directions from a 

LIONESS volume in acutely prepared mouse alveus. Data were registered from 4 consecutive, partially 

overlapping acquisitions. White arrowheads indicate position of corresponding orthogonal planes. 

Maximum intensity projections spanning 150 nm.  b, 3D-rendering of selected axons from panel a, 

forming a tight bundle in the left and progressively fanning out. c, Example of alignment between two 

of the partially overlapping subvolumes in xy- and yz-views.  Individual subvolumes are shown in red 

and cyan, such that overlapping regions add up to white colour, indicating the degree of overlap.  
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Supplementary Fig. 19 

Meso-scale tissue context. a, Meso-scale overview volume acquired in diffraction-limited mode with 

select subvolume acquired and reconstructed using LIONESS in an organotypic hippocampal slice. A 

glial cell and its spatial interplay with exemplary neuronal processes is 3D-rendered. b, Three 

orthogonal planes from the automated segmentation of the LIONESS volume in panel a. Segmentation 

(colour) and LIONESS data are overlaid. No proofreading was applied. White arrowheads indicate 

corresponding orthogonal planes. The same glial cell is indicated in both panels. Scale bar: 2 µm. 
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Supplementary Video 1 

LIONESS volume in living hippocampal alveus - 1 (xy view). 

Full stack (xy-planes) of the acutely prepared mouse alveus LIONESS dataset shown in Suppl. Fig. 

10. Step size is 50 nm (160 optical sections). 

 

Supplementary Video 2 

LIONESS volume in living hippocampal alveus - 2 (yz view). 

Full stack (yz-planes) of the acutely prepared mouse alveus LIONESS dataset shown in Suppl. Fig. 

10. Step size is 50 nm (500 optical sections). 

 
Supplementary Video 3 

LIONESS volume in living hippocampal neuropil - 1 (xy view). 

Full stack (xy-planes) of the organotypic slice culture neuropil LIONESS dataset shown in Fig. 3. 

Step size is 50 nm (120 optical sections). 

 
Supplementary Video 4 

LIONESS volume in living hippocampal neuropil - 2 (xz view). 

Full stack (xz-planes) of the organotypic slice culture neuropil LIONESS dataset shown in Fig. 3. Step 

size is 50 nm (440 optical sections). 

 

Supplementary Video 5 

Molecularly informed LIONESS volume in living hippocampal neuropil  

Full stack (xy-planes) of the whole PSD95 and synaptophysin labelled LIONESS dataset shown 

cropped in Fig. 4. Step size is 50 nm (120 optical sections).  

 

 

Supplementary Video 6 

GCaMP recording, overview 

Diffraction limited recording of calcium transients using EC labelled (Atto 643) Ai95/Prox1-cre 

mouse organotypic hippocampal slice cultures. Depicted is one plane of a region of the DG during 

gabazine application. Acquisition frame rate was 1.25 Hz.   

 

Supplementary Video 7 

GCaMP recording, single synapse 
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Full series of the GCaMP recording after gabazine application shown in Suppl. Fig. 16c. LIONESS 

images are identical replicates providing structural context to the time-varying Ca2+-signals (green). 

Acquisition frame rate of the GCaMP signal was 1.25 Hz.   

 

Supplementary Video 8 
GCaMP recording, chemogenetically activated single synapse  

Full series of the GCaMP recording shown in Fig. 5 a. LIONESS and DREADD (hM3Dq, orange) 

images are identical replicates placing the overlaid time-varying Ca2+-signals (green) after stimulation 

with the DREADD ligand CNO into structural context. Acquisition frame rate of the GCaMP signal 

was 2 Hz.   

 

Supplementary Video 9 

LIONESS volume in living hippocampal dentate gyrus - 1 (xy view). 

Full stack (xy-planes) of the organotypic slice culture LIONESS dataset in the dentate gyrus shown in 

Suppl. Fig. 19. Step size is 50 nm (160 optical sections). 

 

Supplementary Video 10 

LIONESS volume of hippocampal DG crest - 2 (xz view). 

Full stack (xy-planes) of the organotypic slice culture LIONESS dataset in the dentate gyrus shown in 

Suppl. Fig. 19. Step size is 50 nm (480 optical sections). 
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