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Figure S1. a) OrmoComp HAR micropillars deposited on glass substrates. b) A magnified image 
of individual OrmoComp micropillars. Scale bars: 10 μm. 

Figure S2. Neuronal viability on P3HT substrates. Cortical neurons growing on flat P3HT (a) 

and P3HT micropillars (b). Cells were treated with calcein AM (viable; green) and ethidium 

homodimer (non-viable; red). Scale bars: 50 µm. c) Relative viability of cortical neurons on P3HT 

substrates normalized to standard glass controls after 3 DIV. Three independent experiments for 

each substrate were analyzed and the data presented as mean ± SE.
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Figure S3. FIB/SEM characterization of the cell-micropillar adhesion. Representative images 

of neurites wrapping around the micropillars (a) and micropillar bending through cellular forces 

(b). c) FIB cross-section of a neuronal soma positioned on the pillar. The total junctional 

membrane is outlined in blue while the soma diameter is denoted as a yellow dashed line. Scale 

bars: 2 µm for panels (a, c) and 5 µm for panel (b). d) Quantification of membrane wrapping 

around micropillars presented as the ratio of the total junctional membrane and the soma diameter. 

Data expressed as mean ± SD of 7 cells on flat and 5 cells on pillar and compared using the 

Student’s t-test with Bonferroni-Holm multiple comparison correction (0.05 significance level). 

** p < 0.01.
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Figure S4. Bright field images of primary cortical neurons cultured on ITO/P3HT (a, b) and 

ITO/P3HT micropillars (c, d) substrates at decreasing magnification. Scale bars: 50 µm and 200 

µm for panels (a, c) and (b, d), respectively.

Table S1. Numerical values obtained by fitting of the EIS experimental data using equivalent 

circuits depicted in Figure 3, panels (e-h) of the main text, normalized to the geometrical device 

area.
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Figure S5. Neurite growth on micropillar arrays. a) Time-lapse sequence of a Lifeact-RFP-

expressing growth cone extending between the pillars. Scale bar: 10 µm. b) Paxillin-rich adhesions 

(white puncta) localized on micropillars. Scale bar: 5 µm.
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Figure S6. a) P3HT absorption spectrum. Colorized lines depict the wavelengths used for 

photostimulation of primary cortical neurons on P3HT substrates. b) Relative viability of cortical 

neurons after optical stimulation on P3HT substrates normalized to standard glass controls after 3 

DIV. Data presented as mean ± SE of 3 independent cultures for each substrate/condition.

Figure S7. Average number of neurites. More than 200 neurons from 3 independent experiments 

were analyzed for each substrate and condition and compared using the non-parametric Mann–

Whitney U test with Bonferroni-Holm multiple comparison correction (0.05 significance level). * 

p < 0.05, *** p < 0.001, ns – not significant.
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Figure S8. Patch clamp and intracellular Ca2+ recordings. Electrophysiology measurements 

were performed on cortical neurons at 14 DIV in KRH extracellular solution using a patch clamp 

setup based on a Axopatch 200B (Axon Instruments) in whole-cell current clamp configuration by 

injecting current steps of 80 pA amplitude and 20 ms time duration. a) Representative action 

potential traces of neurons grown on P3HT flat and P3HT micropillars. b) The average action 

potential peak intensity shows no significant differences between the two substrates (Student’s t-

test, p > 0.05). n = 22 cells for each substrate type. c) Representative normalized fluorescence 

intensity (F/F0) traces acquired during Ca2+ imaging. d) Histograms representing the average 

amplitude of the first peak of the intracellular Ca2+ dynamics show that there is no significant 

difference between the pillar and planar configurations (Student’s t-test, p > 0.05). Ca2+ imaging 

was performed using an inverted fluorescence microscope (Nikon Eclipse Ti-S), on neurons 

cultured on P3HT flat and pillars after 14 DIV and incubated with Fluo-4 fluorescent probe.
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Calculation of pillar bending stiffness

In depth characterization of the mechanical properties of single micro/nano-structured pillars is 

not a straightforward task, as demonstrated in a recent work by Angeloni et al.1 In fact, available 

techniques rely on specific instrumentation, like tensile machines, nanoindenters, or atomic force 

microscopy (AFM) setups that, in most of the cases, need to be coupled with scanning electron 

microscopes (SEM) to monitor the measurement in real-time.2,3 Additionally, an ad hoc developed 

mathematical model is often required for reliable data analysis and interpretation. With this 

premise, we provide a rough estimation for the bending stiffness (K) of P3HT pillars, to critically 

compare its expected value with pillars reported in literature based on different materials and/or 

realized with different techniques.

The bending stiffness (K) of P3HT micropillars can be expressed as:

𝐾 =
3𝐸𝐼
𝐿3

where E is the Young’s modulus, I is the moment of inertia, and L is the height of the pillars.4,5 If 

we assume that the cellular traction forces are exerted mainly to the upper half-part of the 

microstructures, we can approximate the pillars to rods and the momentum of inertia as:

𝐼 =
𝜋
4 ∙ 𝑎4

where a is the radius of the upper half-part of the pillars. Young’s modulus (E) of conjugated 

polymers in the form of thin films reported in literature vary a lot, since they strongly depend on 

chemical and supramolecular properties, like regio-regularity and alignment of the polymer 

chains.6,7 E values reported for P3HT lie in the range 0.1-3 GPa, in the case of thin films and 

nanofibers.7–9 Based on these assumptions, we have estimated the bending stiffness (K) of the 

P3HT micropillars by focusing on the upper half-part characterized by an average height (L) of 3 

µm and width (a) of 0.6 µm. We obtained a value of K in the range 1.1 - 33.9 µN/µm. The K values 

obtained for P3HT pillars are comparable to parylene C micropillars (E ≈ 4 GPa; K = 4.8-28 

µN/µm)10 and lie between the reported values for PDMS microposts (E ≈ 1 MPa; K = 0.001-1.5 

µN/µm)10,11 and inorganic materials, like silicon nanowires bundles (E ≈ 170 GPa, K = 100-1200 

µN/µm).12
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