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Supplementary Figure 1: Identification of primary cilia in ssET and FIB-SEM
a) TEM overview of a 300 nm thick section of human pancreas. Inset shows a primary cilium identified by the
axoneme structure. Scale bars: 10 and 1 µm. b) FIB-SEM slice of mouse pancreatic islets. The inset shows a
primary cilium. Scale bars: 1 µm. c) Single slice of a tomogram with a beta cell (β) with insulin secretory granules
(Ins), mitochondria (M), endoplasmic reticulum (ER) and cilia (C1-3). The neighboring alpha cell (α) with
glucagon granules (Glc). Scale bar: 1 µm.

2



Supplementary Figure 2: Reconstruction of an incomplete human beta cell primary cilium with longer
B-tubules
3D rendering of A-(purple) and B-(blue) tubules with ciliary membrane (light orange). Below is a magnified rotated
rendering with an arrowhead pointing to the earlier determination of the A-tubule of the specific microtubule
doublet.
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Supplementary Figure 3: Validation of U-ExM isotropy in expanded pancreas tissue.
a) Single slice of a mouse islet stained for DAPI (blue). Scale bar: 10 µm. b) Single slice of an expanded mouse
beta cell stained with NHS ester (blue). Scale bar: 2.5 µm. Dotted yellow lines in (a, b) demarcate the
representative nuclei area measurements made in (c). c) Nucleus cross-section area (NCS) = Square root of
area / measured gel expansion factor) in unexpanded beta cells (IF) vs. expanded beta cells (U-ExM). Mean
NCS: unexpanded beta cells, 9.428 µm +/- 1.3, expanded beta cells, 8.842 µm +/- 0.7871. Error reported in
standard deviation. Statistical significance measured by unpaired t-test. p = 0.637. d) Representative FIB-SEM
micrograph of daughter centriole. Scale bar: 300 nm. e ) Representative U-ExM micrograph of daughter centriole,
scale bar: 300 nm. Green lines and cyan lines in (d, e) demarcate the length and width measurements,
respectively, displayed in (f). Length and width measurements of the daughter centriole by FIB-SEM (EM) vs.
expansion (U-ExM). Mean dimensions: EM length 425.2 nm +/- 24.15, U-ExM length, 428.9 nm +/- 31.59, EM
width, 226.5 nm +/- 5.375, U-ExM width, 225.5 nm +/- 6.349. Error reported in standard deviation. Statistical
significance measured by unpaired t-test. p = .6379, EM length - U-ExM length, p = .5611 EM width vs. U-ExM
width. n = 25 daughter centrioles per condition.
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Supplementary Figure 4: Variability in islet cell primary cilia curvature in UExM images.
Scale bar: 1 µm.
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Supplemental Figure 5. Validating double ciliated cells by U-ExM.
a) Representative individual slices through a z-stack of a double ciliated cell, as determined by tracking the cell
borders identified by NHS Ester (yellow arrows). The position of one of the basal bodies is indicated by the
orange box. 3D rendering clearly identifies both basal bodies in the cytoplasm of the same cell. b) In some cases,
oOnly one border can be differentiated by NHS Ester staining (yellow arrow), while the other border can be
inferred by a juxtaposed blood vessel (red arrow). In these cases, double ciliation is inferred from the close
proximity of the basal bodies. Acetylated tubulin (magenta), Arl13b (yellow) and NHS ester (grays). Scale bars:
2.5 µm.
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Supplementary Figure 6: SEM of isolated intact and broken mouse islets.
a) Intact islet with magnification of boxed area showing islet cell primary cilia (purple). b) Broken islet with visible
edges and microvilli of the islet cells as well as primary cilia (purple). Scale bars: 1 µm.
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Supplementary Figure 7: Interaction of islet cell primary cilia with blood vessels.
a) Expanded beta cell cilia in close contact with blood vessels, as visualized by acetylated tubulin (magenta)
Arl13b (yellow) and NHS Ester (gray). Scale bar: 1 µm. b) FIB-SEM slice showing a blood vessel with adjacent
islet cells. A beta cell projects its primary cilium along the endothelial cells forming the vessel. Scale bar: 500 nm.
c) The 3D rendering shows the primary cilium projecting along the vessel.
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Supplementary Figure 8: Alpha cell primary cilium “pinches” a neighboring alpha cell.
a) FIB-SEM slice showing an alpha cell primary cilium with basal body (BB) and axoneme) pushing into a
neighboring alpha cell. Scale bar: 500 nm b) 3D rendering of both cells with inset depicting the termination of the
primary cilium close to the nucleus. c) A FIB-SEM slice through the gray alpha cell depicted in b) with its cilium
pinching into the neighboring alpha cell (green). Scale bar: 500 nm. d) 3D renderings of all 3 alpha cells with 2
cilia protruding into the adjacent cell.

9



Supplementary Figure 9: Cilia in contact with neighboring cilia.
3D renderings of the two primary cilia (C1 and C2) of a double-ciliated beta cell which are in close proximity to
cilia (C3 and C4) from neighboring islet cells on opposite sides of the beta cell. Only the tips of C1 and C2 reach
the cell exterior space where they contact C3 and C4.
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Supplementary Figure 10: Connection of alpha cell primary cilium tip with neurons.
a) Slices through a FIB-SEM volume showing axons (beige) connecting to a pancreatic islet (magenta). Scale
bar: 5 µm. Next is the magnification of the boxed area showing the different neurons in contact with an alpha cell.
Scale bar: 1 µm. b) Slice through a FIB-SEM volume with nerves (beige) and an alpha cell and its cilium
(orange). Scale bar: 500 nm c) 3D renderings of nerves and the alpha cell. The magnified view shows the
connections between the cilium tip and the neuron.
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Supplementary Figure 11: Characterization of presynaptic markers on islet innervation.
a) Maximum intensity confocal images of a cryo section of mouse pancreas after immunofluorescence labeling
for insulin (green), beta III tubulin (white), synaptophysin 1 (magenta), and synapsin 1 (yellow). Scale bar 10 µm.
The center image shows the magnified marked region. Scale bar: 5 µm. The right images show single channels
of synaptophysin 1 and synapsin 1 with arrowheads pointing to regions of colocalization. b) Maximum intensity
confocal images of a cryo section of mouse pancreas after immunofluorescence labeling for insulin (green), beta
III tubulin (white), and synapsin 1 (magenta). Scale bar 10 µm. The center image shows the magnified marked
region without the insulin channel. Scale bar: 5 µm. The right images show single channels of beta III tubulin and
synapsin 1. c) Maximum intensity confocal images of a cryo section of mouse pancreas after
immunofluorescence labeling for insulin (green), synapsin 1 (white), and vAChT (magenta). Scale bar 10 µm.
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The center image shows the magnified marked region without the insulin channel. Scale bar: 5 µm. The right
images show single channels of vAChT and synapsin 1.

Supplementary Figure 12: Synaptic connections to the beta cell membrane.
Single confocal slice of a mouse pancreas section stained for insulin (green), beta III tubulin (white), vAChT
(magenta), and EPCAM (cyan). Scale bar: 10 µm. Magnified images of the marked area show the localization of
vAChT positive signal at the plasma membranes of beta cells. Scale bar: 5 µm.
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