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Figure S1. Disadvantages of sample expansion.

An expansion of a biological sample at the linear expansion ratio ‘x’ leads to an x*-fold
increase in imaging volume and x*-fold decrease in the fluorophore concentration. Diluted
fluorophore concentration necessitates a compensatory increase in the excitation light power
and/or pixel dwell time for imaging at a comparable signal-to-noise ratio, both of which
aggravates photobleaching. These factors also increase the imaging time equal to or larger
than x*-fold. The expansion also renders mechanical rigidity of the samples weak, and the
thickness of the expanded samples may exceed the working distance limit of the objective

lens.
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Figure S2. Application of ZOOM to mouse organs.

500-um thick sections of mouse liver (left), kidney (middle), and heart (right) were ZOOM-
processed, with the hydrolysis time of 18 hrs. Each organ shows a similar but different
expansion factor due to different tissue compositions. ZOOM factors: 5.2 for liver, 5.9 for
kidney, 5.0 for heart. Grids, 3.0 mm.
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Figure S3. Increasing the ZOOM factor enhances spatial resolution while preserving
structural information of dendrites and spines.

a,b) Dendritic spines before (a) and after (b) 3.5-fold expansion. Note the existence of the
neck on the left arrowhead can be clearly determined after processing the tissue with ZOOM.
c,d) Tracing spines before and after expansion. e,f) Dendritic spines from another sample
before (e) and after (f) 6.1-fold expansion. g) Spine angles were overall maintained after
ZOOM processing with two different ZOOM factors. Linear regression, y = 0.986x + 0.917,
R?=0.9489, p = 9.18e-42. n = 64 (29 from 6.1x sample and 35 from 3.5x sample). Scale Bars,
1 um (a), 2 um (b,c,e), 5 um (d,f).
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Figure S4. High-concentration sodium acrylate in monomer solutions distorts tissue samples.
Fixed tissue sections were incubated in an array of monomer solutions for 1 hr.
Representative images (a) and quantification of tissue shrinkage (b), showing that increasing
the proportion of sodium acrylate, a key monomer component in all existing expansion
methods, causes tissues to shrink (n = 4 sections from 2 mice). Y-axis indicates the ratio of
the pre-expansion area (inside red dotted lines) to the post-expansion area. Note that the
monomer solutions for MAP or ExM also significantly distort the tissue (One-way ANOVA
with the Bonferroni post-hoc test, P-value for each condition: 1 (ZOOM), 3.60 x 10° (AA20
SA10), 4.73 x 10° (AA10 2A10), 7.40 x 10™° (SA30), 5.15 x 10* (MAP), and 3.52 x 10°
(ExM), all versus PBS). AA, acrylamide; SA, sodium acrylate. Numbers indicate
weight/volume% concentration of each chemical in monomer solutions. Grids, 1.0 mm. Data
are mean + s.d.
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Figure S5. Increasing sodium acrylate content in the acrylamide hydrogel degrades
mechanical properties.

To measure the stress-strain relationship of cylindrical hydrogel discs made of various
acrylamide (AA) and sodium acrylate (SA) contents, gel discs were made in a 24-well plate
with indicated percentage of AA and SA, 0.01% N,N’-methylenebisacrylamide, 0.1% APS,
and 0.1% TEMED (all in % w/v). a) Compressive stress was applied to cylindrical hydrogel
after gel embedding, and the resulting strain was measured with a universal testing machine.
Stiffness of the gel discs gradually deteriorated as the SA content increased (n = 6). b)
Compressive stress versus strain measured after incubation in 1x PBS for 24 hrs, again
demonstrating decreased gel rigidity upon increasing SA contents (n = 6). Compressive
stress-strain properties could not be measured from gel discs made of equal or more than 20%
of SA, because these discs failed to maintain the shape after incubation in PBS. Gel discs
mildly but not fully expand in PBS, due to the high salt contained in the solution. ¢) Two gel
discs made of 30% monomers were investigated. One disc was prepared by co-polymerizing
20% AA and 10% SA, and the other disc was prepared by 30% AA only, followed by alkaline
hydrolysis in 24 hrs. Both discs were incubated in DI water for expansion, and compressive

properties were measured. Although the hydrolyzed AA30 SAQ discs expand to the similar or
6
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larger extent than AA20 SA10 discs (data are not shown), AA30 SAQ discs exhibited higher
stiffness than AA20 SA10 discs. d) The measured compressive strength applied to the
samples in ¢ when samples were broken (n = 4). Therefore, AA30 SAO0 hydrogel discs after
alkaline hydrolysis had significantly better resistance to compressive force than AA20 SA10
discs under the conditions leading to comparable expansion ratios, indicating higher
toughness and durability (p = 0.0286, Mann-Whitney U test). Data are mean + s.e.m.
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Figure S6. Amine-reactive protein anchors improve retention of proteins.

a) Schematic illustration of two protein anchoring-strategies, one employing the combination
of paraformaldehyde (PFA) and acrylamide (AA), and the other employing an amine-reactive
protein anchor, N-acryloxysuccinimide (NAS). b) HeLa cells were fixed with 3.2% PFA and
0.1% glutaraldehyde (GA) and were stained against TOMZ20, a protein in the mitochondrial
outer membrane (red). Blue indicates nuclear counterstaining with Hoechst 33342. c,d) Fixed
HelLa cells were incubated in a 30% AA, 4% PFA solution at 37°C for 8 hrs (c), or in a 25
mM NAS solution for 60 min (d) to create anchoring sites for proteins and the hydrogel
network. After gel embedding, however, TOM20 could be successfully stained only in the
NAS-treated cells, indicating that NAS can effectively retain endogenous proteins for ZOOM-
processing. Scale bars, 20 um (b-d).
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Figure S7. Distortion analysis of ZOOM-processed cultured cells over multiple ZOOM

factors.
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a) Representative confocal images showing cultured HelLa cells stained with Hoechst 33342
(1 hr, RT, 1:1,000 in PBS) before and after ZOOMing (hydrolysis for 1, 8, 16 or 32 hrs at
80°C) (left), and the averaged RMS error of the images before and after ZOOM processing (n
= 4 samples for each condition) (right). The average estimated distortion error was less than
5% of the measured length at all conditions, demonstrating isotropic expansion at the
multicellular scale, from multiple gels. b) The ZOOM factor increased from 1.8x to 4.1x,
5.0x and 6.5x (for 1, 8, 16 and 32 hrs, respectively; these are averaged values, whereas the
ZOOM factors indicated in the images of panel (a) are from the representative samples). Data

are mean =+ s.d. Scale bars, 20 um.
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Movie S1. ZOOMing into the mouse cortical tissue.

A 500 pm-thick Thyl-eYFP mouse brain section was 8.0-fold expanded with ZOOM. 3D
rendering of an expanded cortical tissue volume acquired with confocal microscopy (acquired
with 10x, 0.5 NA objective lens; acquisition volume, ~9.0x9.0x1.8 mm® post-expansion;
estimated lateral resolution 620 nm pre-expansion, 78 nm post-expansion) readily supports
tracing of neural processes. Scale bar indicates physical dimensions.

Movie S2. ZOOMing into the cellular microtubule network.
ZOOM-processed HelLa cells were stained for a-tubulin and imaged after ZOOM processing.
The video shows fine tubulin structures resolved after 5.2x expansion (acquired with 40x, 1.2

NA objective lens; estimated lateral resolution 168 nm pre-expansion, 32 nm post-expansion).
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Table S1. Sample preparation and imaging conditions
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Fig. |Cultured Apochromat | (0.033) |3872x| 850.19 (0.2 405nm were the same
S6 |HeLa Cell | HOeChst 33342 66 l1oxi0.5M27| 022 | 3872 |(128.82x | 7 | (10.0%) | 2%°| 28 lfor both pre-
75mm (0.033) 128.82) and post-
ZOOM images
Cultured
HelLa Cell W Plan- . .
nucleus DAPI _ |Apochromat 833 Valrjlous Valrjlous 0.3| 405nm 550 2
staining 10x/0.5 M27 : Y Y 18| (20%)
6.69 samples| samples
before 75mm
expansion
Cultured
HelLa Cell W Plan- . .
0.42 (0.23) | Various| Various
nucleus Apochromat 0.3| 405nm
staining  |PAP! 18 110x/0.5 M27 ggg Eg% Sarﬁyles Sarﬁyles 8| ow) |04
(L hr 75mm ' ' P P
Fig. hydrolysis)
S7a CulturedII |
:'Lilz_lguge DAPI 42 vazcir:;)mat 833 Egig; Valrjious Valrjious 0.3| 405nm 7501 4
staining w05 M27 | o5 070y Samyles Samyles 8 | (4.0%)
(8 hrs 75mm ' ' P P
hydrolysis)
Cultured
HelLa Cell W Plan- . .
0.42 (0.09) | Various| Various
nucleus Apochromat 0.3| 405nm
staining  |PAP! 48 110x/0.5 M27 ggg Eggg; Sarﬁyles Sarﬁyles 8| 50w |04
(16 hrs 75mm ' ' P P
hydrolysis)
Cultured DAPI 6.7 |W Plan- 0.83 (0.12) |Various| Various |[1.0| 405nm [950| 4
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HelLa Cell Apochromat | 0.83 (0.12) | by by (8.0 %)
nucleus 10x/0.5 M27| 1192 |samples| samples

staining 75mm (1.78)

(32 hrs

hydrolysis)
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