Microtubules as a versatile reference standard for expansion microscopy
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Supplementary Fig. 1. ExM imaging of nuclear pore complexes. a, b, non-expanded NPC overview and a
representative magnified nucleus shown in confocal and 2D-STED acquisitions. ¢, A representative 3D-overview of HEK
cells that were expanded according to the U-ExM protocol described in Gambarotto et al., 2021" and were post-expansion
labelled against NUP98 and NUP205 with primary rabbit antibodies coupled to secondary anti-rabbit nanobodies carrying
STARG635P fluophores. The gels were then labelled with NHS-ester fluorescein, to show the general cellular morphology. d,
U-ExM ONE microscopy images of NPCs from the designated area shown in (c). e, Similar overview but for X10 expansion,
reaching an expansion factor of 8.5. A similar labeling procedure was performed, prior to expansion. The two lower panels
show two representative NPCs from the upper image. f, A random averaged alignment of NPCs (left panel), followed by an
8-fold symmetry average alignment (right panel). g, A circle profile that shows the distribution of the NUPs in the right panel of
(f). The averaging procedure of 566 NPC was performed as described in Aktalay et al., 20232, for MINFLUX imaging of
NPCs. The resulting averaged 566 NPC data, from two independent experiments, are in very good agreement with
the MINFLUX results, especially considering the signal blurring induced by the use of polyclonal antibodies in our
experiments, rather than a NUP96-HaloTags in MINFLUX.
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Supplementary Fig. 2. Fourier ring correlation analysis of tubulin immunostainings. Cells were labeled with primary
antibodies against alpha-tubulin, followed by secondary nanobody labeling. a, ONE overview image followed by a magnified
segment. b, Fourier ring correlation map. ¢ & d, the graphs show minimal and average FRC in nm with their SEM, N = 5
measurements from 2 independent experiments.
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Supplementary Fig. 3. Deconvolved ExSTED parameters. a, An overview of extracted non-expanded Hela cells labeled
with NHS-ester fluorescein. b, An exemplary region of extracted and expanded HelLa cells featuring a tubulin segment imaged
with X10ht confocal, EXSTED and dExSTED. ¢, A box plot graph depicting the average measured gel-glass refractive index
(RI) measured from four gels of 4 independent experiments, using Abbe-Refractometer AR4 (Kruss Optronic GmbH,
Germany). The obtained Rl was then used for the deconvolution settings, which was carried out via Lightning options
in LAS-X Leica software on a STELLARIS 8 microscope. The table lists the used parameters. d, The first panel shows a
decorrelation analysis® plot of all decorrelation functions computed for estimating image resolution. The second box plot shows
the individual values calculated from 10 dEXSTED images acquired from 10 different cells from two independent experiments.
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Supplementary Fig. 4. Cytoskeletal elements from extracted cells can be identified based on width
measurements. a, The first panel shows an ONE overview image where extracted cytoskeletal elements of varying widths are
typically observed in at least 4 independent experiments. The second two panels show two magnified regions, with cross
sections that fit the profiles of actin and tubulin structures, as shown in the adjacent graph in (b). ¢, An exemplary gallery of
actin images, next to an exemplary tubulin segment, for comparison.
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Supplementary Fig. 5. PFA fixation of microtubules. This type of fixation provided sub-optimal preservation of structure,
although it does not interfere with anchoring, as up to 8% PFA allows ONE imaging. Microtubules are synthesized in vitro,
stabilized with taxol (labelled with atto488), fixed with different concentrations of PFA, attached as a monolayer onto the
coverslip, and imaged using the fluorescence of atto488 under an Olympus 1X71 microscope. (Left, top) Not fixed, long
filaments were clearly visible. (Right, top) Fixed with 3% PFA, all the microtubules were disassembled, presumably into
tubulin dimers. (Left, bottom) Fixed with 8% PFA, most of the long filaments were broken into shorter ones, which is the only
condition which worked with ExM protocols and ONE microscopy. (Right, bottom) Fixed with 16% PFA, a greater number
of long filaments were preserved compared to 8% PFA, although very long ones were still broken.
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Supplementary Fig. 6. GA fixation of microtubules. This type of fixation provided optimal preservation of microtubule
structure. However, it interferes with anchoring, preventing the implementation of ONE protocols. Microtubules are
synthesized in vitro, stabilized with taxol (labeled with atto488), fixed with a mixture of PFA and GA or GA alone, attached as a
monolayer onto the coverslip, and imaged using the fluorescence of atto488 under an Olympus IX71 microscope. (Left, top)
Fixed with 3% PFA+0.25% GA, all the microtubules are disassembled, presumably into tubulin dimers. (Right, top) Fixed with
3% PFA+0.5% GA, mostly shorter filaments were observed, long filaments were broken. (Left, bottom) Fixed with 0.5% GA,
results are very similar to the previous condition, suggesting that 3% PFA hardly played any role in microtubule fixation. (Right,
bottom) Fixed with 1% GA, optimal fixation of microtubules is obtained, which preserved their morphology, evident from the
presence of very long tubules.
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Supplementary Fig. 7. Attachment of microtubule onto the coverslip. In vitro synthesized microtubules were stabilized
with taxol (labelled with Atto488), fixed with 1% GA, attached as a monolayer onto the coverslip following a method described
before, washed with different buffers, and imaged using the fluorescence of Atto488, under an Olympus I1X71 microscope.
(Left, top) Microtubules fixated with 1% GA without any wash. (Right, top) Washed 3x with PBS buffer (pH 7.4). (Left, bottom)
Washed 3x with bicarbonate buffer (pH 8.5). (Right, bottom) Washed 3x with 0.1% SDS+0.1% TX-100 in PBS (pH 7.4).
This condition showed some distortion in the morphology of microtubules, as the filaments became curly, although they
remained firmly attached with the glass surface of coverslip.



a ONE image overview b Fourier ring correlation analysis c

Alpha-beta tubulin dimers Magnified region Minimal FRC

5_

4—
37 1
52_ =5
£
w1

0-

Supplementary Fig. 8. Fourier ring correlation analysis for tubulin dimers. a, Alpha-beta tubulin dimers, in a ONE
overview image. b, Fourier ring correlation analysis. The first-left panel displays an exemplary FRC of ONE tubulin image with a
pixel size of 98 nm. The bottom-left panel shows ONE image overlaid over FRC map using screen-blend mode. A magnified
region featuring individual tubulin molecule represented in split and screen-blended modes. ¢, The graphs show box plots with
the medians and the 25th percentile and the range values of Minimal and average calculated FRC, N = 8 images from 2
independent experiments.
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