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Supplementary Information


Device fabrication



Figure S1: Optical images and SEM micrographs of the suspended plasma
membranes.



Figure S2: TEM micrographs of several membrane patches suspended on the
microfabricated SHS device.



Figure S3: 2D class averages and Fourier shell correlation for RELION data processing.



Figure S4: Identification of Nav channel close to gold nanoparticle.



Figure S5: AFM experimental setup and images of the suspended membrane patches.



Figure S6: Contrast profiles of TEM images.



Figure S7: SERS experimental concept, labelled gold nanoparticles SEM and optical
images.



Figure S8: PCA results on Raman map and gold nanoparticles.

Device Fabrication
The micropillared usbstrate was fabricated according to previous reportsThe device was realized
following a two-step lithography process. The substrate, a 50 µm thick silicon <100> wafer, after
being attached to a carry wafer for easier handling, underwent positive optical lithography to
define the pillars profile, arranged in a regular square array with a pitch of 9 µm, and a diameter
of 3.5 µm. After this step, we deposited a multi-layer of Ti/Au/Cr (5/50/100 nm) by metal
sputtering, Ti having the role to promote adhesion of Au on Silicon, while Cr to protect Au from
erosion during subsequent Deep Reactive Ion Etching (DRIE). The pillars head circular profiles
were then obtained by lift-off of the resist. Subsequently, a 20 nm layer of Cr was sputtered on
2

the wafer and then covered by a second layer of positive optical resist. The second positive
lithography was made realigning a second mask to define the holes between the pillars. After
this, the 20 nm Cr layer was wet-etched in a Cr etchant solution (Standard Chrome Etch, Sigma
Aldrich) to define the hard mask for the DRIE of the holes. DRIE was performed at -20 oC using
SF6 as etching agent and C4F8 as protective polymer precursor, in alternate steps of 5 and 7
seconds for deposition and etching, respectively. Holes were first etched all the way through the
wafer. After this, the 20 nm Cr hard mask was removed by ion milling in an O 2 plasma, thus
leaving a clean Si surface, Finally, 10 µm high pillars were realized using a shorter DRIE
process with the same gases and parameters used for holes.
The sample was then detached from its carry wafer and immersed in the Cr wet etching solution
to strip the residual Cr still laying on pillars top, so leaving exposed the underneath Au surface.
The sample was then coated by a 1 nm layer of Al2O3 deposited by an Atomic Layer Deposition
(ALD) system. In ALD, we used 10 deposition steps of tri-methyl aluminum as a precursor and
water as co-reagent, at a temperature of 300 oC. Finally, the sample was made hydrophobic
depositing a self-assembled monolayer of a fluoro-carbonate compound, perfluoro-decyltrichloro-silane (FDTS). FDTS was deposited in a molecular vapor deposition system at a
chamber temperature of 35 oC using water as co-reagent.
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Figure S1: Optical images and SEM micrographs of the suspended plasma membranes. A
big central drop contains most of the material, while the out of drop area gives raise to well
stretched patches across the pillars.
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Figure S2: TEM micrographs of several membrane patches suspended on the
microfabricated SHS device. a, several micrographs showing three different areas of the hiPSC
derived neurons from healthy donor. b, different high contrast features that where localized on
the membranes using the strategy reported in methods. Some channels appear to be side-view
(see for comparison the RELION classification in Figure S3a).

5

Figure S3: 2D class averages and Fourier shell correlation for the RELION data processing. a, 2D
Class averages performed with RELION; b, Fourier Shell Correlation (FSC) curve of the map shown in
figure 1d, calculated in RELION. The resolution is 14.4 Å based on the gold-standard FSC = 0.143
criterion.
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Figure S4: Identification of Nav channel close to gold nanoparticle. Gold nanoparticles of 10
nm diameter were labeled with AntiSCN1a subunit antibody. We estimate that each nanoparticle
can tag a nanochannel at a maximum distance of 10 nm, due to the length of the
antibody+antibody linker. Channels that where found near the nanoparticle at this distance where
screened for the identification with RELION and Zernike, and confirmed to belong to the Nav
channels class.
Channel metrology

One Nav channel was identified by Zernike based classification with the spot inside the red
square in Figure S1a, and reported at higher resolution in Figure S1b. The metrology comparison
was performed with the PDB file 5EK01 (Figure 1c). The FFT analysis of the Nav channel, was
in a very good accordance with the data reported in the literature, were the diagonal dimension
was found to be ~11 nm and the lateral dimension ~8 nm. The measured diagonal cross-section
of the channel in Figure S1d gives a value of 8.0±0.5 nm. A cross section of the squared inner
shape reveals that its outer edges are 3.6±0.5 nm long (Figure 1e5). The four appendices facing
the inner square measure in average 1.5±0.5 nm (Figure 1e1, 2, 3, 4).
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Figure S5: AFM experimental setup and images of the suspended membrane patches. a, optical
images and large field view AFM topography of the membrane patches of the hiPSC derived neurons
from healthy donor. In particular the several features are evident in the amplitude signal. b, features of
varied morphology that were manually identified on the amplitude AFM image.
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Figure S6: Contrast profiles of TEM images. a, TEM image of the suspended neuronal membrane
where different ion channels can be localized (darker spots). Scale bar 30 nm. b, TEM image of a single
Nav channel, identified by the red square in a. Scale bar 2 nm. c, Molecular graphic of the Nav channel
according to PDB file 5EK0 with inner and outer lengths reported. d, TEM contrast profile of the Zernike
identified Nav channel, taken in the diagonal direction as indicated in the inset. e, Series of TEM contrast
profiles taken respectively as indicated in the cartoon in the top left.

9

Figure S7. SERS experimental concept, labelled gold nanoparticles SEM and optical images. a,
concept of the SERS experimental setup: Scn1a subunit of the Nav channel is targeted by an immunogold
particle labelled with anti-SCN1a antibody. b, SEM image of the suspended membrane where the gold
nanoparticles of 10 nm diameter are visible as white spots. c, optical image when the sample is
illuminated by 488nm wavelength lamp: a red fluorescence signal is typically seen due the to plasmonic
effect of 10 nm gold particles tagging the channels. d, superposition of fluorescent image from c and
bright light image where the apertures leading to transparent background available for TEM imaging and
the membrane patches crossing them are visible.

10

Figure S8. PCA results on Raman map and gold nanoparticles. a, scores of principal component PC1
discriminate the spectra in two components, red and blue defined by average Raman spectra in b. Raman
spectrum from gold nanoparticles labeled with antibody (in black) are introduced as control in the
analysis.
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