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Experimental Procedure
Nanostructures fabrication: STPs and STCs were fabricated on thin silicon nitride membranes

by means of a focused ion beam (FIB) milling technique!. The nanostructures consist of a
polymeric scaffold coated with a thin layer of gold. Quartz pillars were fabricated by electron

beam lithography and reactive ion etching as reported previously?>.

MEA fabrication: STPs and STCs on MEA were fabricated according to the FIB-based method
introduced in a previous work?. SSP and IrOx nanotubes on MEA were fabricated via

electrodeposition® and final devices are similar to those in previous work®.

Cell culture: After 20 min. of UV irradiation, the substrates were treated with poly-L-lysine
0.01% wi/v (Sigma-Aldrich) for five minutes, washed extensively with water and allowed to
dry in sterile conditions. Subsequently, HL-1 cells” have been seeded at a density of 35000/cm?
and grown with Claycomb culture medium, supplemented with 10% fetal bovine serum, 100
MM norepinephrine, 300 UM ascorbic acid, 2 mM L-glutamine and penicillin and streptomycin
(Sigma-Aldrich).

Cell Staining: Cells were fixed in glutaraldehyde 2.5% in sodium cacodylate 0.1 M pH 7.4
buffer for 2 h at room temperature. A first staining in glycine 20 mM in buffer solution was
performed to reduce the signal to noise ratio, saturating the nonspecific signal, and a three step
protocol (reduced osmium, thiocarbohydrazide, osmium (RO-T-O) in aqueous solution)
recently developed®® was applied to the samples. The heavy staining of the cell membranes
provided by this protocol, allows for a clear imaging of the lipid membranes at the interface
with the 3D nanostructures. An overnight negative staining with 5% uranyl acetate in aqueous
solution was performed, followed by 3 min. in tannic acid to stain the cytoskeleton.
Dehydration in increasing concentration of ethanol was performed, followed by embedding in
increasing concentration of Spurr resin. The excess of resin was removed with rapid washes in
ethanol before overnight polymerization at 65 °C. After polymerization, the specimens were
metalized with a thin layer of gold (10 nm) and mounted on a standard SEM/FIB stub with

silver paste.

SEM/FIB imaging: The cross-sectioning and imaging were performed with a dual beam Helios
Nanolab600 by ThermoFisher equipped with a gas injection system. The region of interest of
the samples (i.e., the cells at the interface with the 3D nanostructures) was coated with a
protective layer of Pt with an electron-assisted deposition followed by an ion-assisted

deposition. Trenches were milled with ions accelerated at 30 kV with a current of 0.79 nA, and



a polishing cross section was performed. Images of the cross section were acquired with the
sample tilted at 52° (perpendicular to the ion beam) collecting the backscattered electrons using
a through-lens detector. Beam current and acceleration voltage were respectively 0.40 nA and
3kV.

Electrophysiology: Electrical recordings on MEAs with STPs and STCs have been performed
on a custom acquisition system based on the amplifier chip RHA2132 from Intan Technologies.

Further details about the custom system are available on our previous work.

Fluorescence: Quartz chips patterned with nanostructures were coated with 0.1 mg/mL poly-
L-lysine overnight at 37 °C. HEK293 cells transfected with CAAX-mCherry were then plated
on the structures and cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) with 10%
v/v fetal bovine serum. After a predetermined time (usually 4 h or 24 h), the cultures were
exposed to 10 uM calcein in DMEM for 10 min., the calcein was washed out, and fresh DMEM

added. The cells’ epifluorescence was imaged in an inverted microscope.



Supplemental figures
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Supplemental Figure 1: Positive calcein signal due to HL-1 membrane permeabilization after
apoptosis. Image on tall nanocones, 8 h after plating.
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Supplemental Figure 2: Short nanopillars at early time points 1 h and 8 h after plating.
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Supplemental Figure 3: A: Rare example of spiking HEK cells on sharp IrOx nanotubes
yielding spontaneous action potentials, DIC1. B: Rare example of spiking HL-1 cells on
sharp nanopillars with partial intracellular coupling. C: The same cell as in panel B after

electroporation. The signal acquires longer duration as expected for a more pronounced
intracellular coupling.
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Supplemental Figure 4: Bright field and red fluorescence superimposed images of HL-1 on
MEA with sharp nanopillars after electroporation (A) and in electrophysiological conditions
(B) with Propidium lodide in the cell medium. On the bottom, exemplary recordings in the
two cases are reported, respectively intracellular (A) and extracellular (B).
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Supplemental Figure 5: Enlarged view of HL-1 cell on short nanopillar fixated at 4h.
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Supplemental Figure 6: Enlarged view of HL-1 cell on short nanopillar fixated at 24h.



kV 5(

Istituto Italiano di 1 g

Supplemental Figure 7: Enlarged view of HL-1 cell on tall nanopillar fixated after 4h.

Supplemental Figure 8: Enlarged view of HL-1 cell on tall nanopillar fixated at 24h
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Supplemental Figure 9: Enlarged view of HL-1 cell on nanocone fixated at 4h.
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Supplemental Figure 10: Enlarged view of HL-1 cell on nanocone fixated at 24h.
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Supplemental Figure 11: Enlarged view of HL-1 cell on sharp nanopillars fixated at 4h.
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Supplemental Figure 12: Enlarged view of HL-1 cell on sharp nanopillars fixated at 24h.
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Supplemental Figure 13: Elarged iages of CAAX-mCherry-transfected HEK cells on
SSPs.
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Supplemental Figure 14: Enlarged images of CAAX-mCherry-transfected HEK cells on
STPs.
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Supplemental Figure 15: Enlarged images of CAAX-mCherry-transfected HEK cells on STCs.
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