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Supplementary Video V1 | Network activity in the dorsal spinal cord. Neurons are labelled 

with GCaMP7f (fluorescent levels of calcium transients here displayed as false colors). The 

video represents the increase in dorsal horn network activity as response to a laser 

stimulation directed onto single nPD-contacting excitatory neuron. A white dot in the top left 

corner appears to indicate the timing of stimulation.  

Supplementary Video V2 | GABAergic neurons in the dorsal spinal cord were identified via 

tDTomato labelling, and calcium imaging was performed exploiting GCaMP7f (fluorescent 

levels here displayed as false colors). The video represents the decrease in network activity in 



response to laser stimulation directed onto single nPD-contacting inhibitory, GABAergic 

neuron. A white dot in the top left corner appears to indicate the stimulation time. 

Supplementary Video V3 | Network activity in the ventral spinal cord. Neurons are labelled 

with GCaMP7f (fluorescent levels here displayed as false colors). The video represents the 

increase in synchronization of rhythmic neuronal activity in response to laser stimulation 

directed onto single nPD-interfaced excitatory neuron. A white dot appears in the top left 

corner, to indicate the timing of stimulation.  

Supplementary figures 

Figure S1 | Optical property of the nanocrystalline silicon. Note that the graph confirms at 

300K the efficient optical absorption of nPD at the near-infrared (NIR) region. Adapted 

from50. 

 

 

 

 



Figure S2 | Confocal microscopy to selectively photostimulate identified neurons retaining 

nPD (a) Brightfield image of SiNWs (nPDs, arrows) on OSC. ROIs for laser stimulation is 

highlighted in purple. (b) Fluorescence image highlights cells filled with Ca2+ indicator Fluo-4. 

The red ROI was selected from the cell with nPD for laser stimulation, but excluding the site 

of focused stimulation, blue and light blue ROIs depict neighboring neurons. (c)Fluorescence 

transients recorded from ROIs in (b) in response to a 125 ms stimulation with a 20 mW UV 

laser at 405 nm. Traces are matched in color and numbers with ROIs in (b). In the cell directly 

stimulated by nPDs a robust calcium response can be observed. (d) Bright field image (left) of 

a hippocampal culture neuron with nPDs placed at variable distance from the cell soma, the 

red circle highlights the spot of laser illumination, with the nPD at <8 µm from the sample cell 

(dashed black circle) and the inset shows the fluorescence tracing of the same neuron. Note 

the absence of response at the time of stimulation (indicated by red shaded area). Box plots 

summarize peak frequency (middle) and average amplitude (right) before and after 

stimulation of the nPDs close to the recorded cells but not in direct contact with the cell body 

(as imaged on the left) do not change. N=12 cultures, paired Student’s t-test. 



 
 

 

 

 

 



Figure S3 | Multiunit activity evoked by light activation of nPD and calcium imaging of action 

potential dependent neuronal activity (a) Extracellular recordings from VH in OSC incubated 

with nPDs during NIR light stimulations (20 mW, 40 ms ON - 40 ms OFF, red flash) of a single 

visually identified nPD neuron. Bottom: magnified evoked multiunits burst (note the different 

time scale). (b) Calcium transients observed in slices expressing GCaMP7f (black) under 

control of a Syn1 promotor are abolished in the presence of 1 µm TTX (blu), confirming their 

neuronal origin. (c) Dose-repsonse (D/R) curve for laser-mediated stimulation. The change in 

frequency of GCaMP7f transients in DH neurons is expressed as percentual increase (after the 

stimulation) over the baseline. Each dot represents a specific laser intensity used for 

stimulation and the arrow indicate the most used intensity. Data were fitted with a Sigmoid 

function (see Methods); n=16 slices. (d) Inset, bright field image of sample stimulated cell 

with nPD; fluorescent tracings recorded from NIR light nPDs stimulated cells (black: DH 

neuron; green: GABAergic neuron; time point (and lengths) of stimulation is indicated by the 

red shaded area). (e) Peak frequency (left) and amplitude (right) before and after laser 

stimulation of DH neurons by undoped SiNWs (incapable of charge separation upon light 

stimulation) do not change; n=9 slices, paired Student’s t-test. Inset on right top: Bright field 

image of stimulated cell showing the undoped SiNW and in the corresponding calcium 

fluorescent tracings the time point (and length) of stimulation is indicated (red shaded area). 



 
 



Figure S4 | GABAergic neurons in DH spinal cultures (a) Confocal images of OSC DH stained 

for NeuN (cyan) and GABA (red). (b) Box plot quantifies the proportion of GABAergic neurons, 

n=3 slices. 

 

 
 

 

 

 

 

 

 

 

 

 



Figure S5 | Functionalization of SiNWs SiNWs were modified using silane anchoring linkers 

(APTES, blue) and adding maleimide functional group (red). Further attachment of the 

antibody was achieved by Michael addition of thiolated antibody stem to maleimide 

functional group. Antibody functionalization was validated using confocal microcopy after 

binding of fluorescent secondary antibody and using electrochemical impedance 

measurements. 

 

 
 

 

 

 

 



Figure S6 | 24-hour OSC incubation with nPDs (a) Superresolution microscope images 

(original stack on top left) and 3D reconstruction of small area (top right) of OSC incubated 

with nPDs (in blue) for 24 hrs. Cell membranes are highlighted in green (ConA-staining), cell 

nuclei in pink and lysosomes in red. nPDs appear to be stably integrated to the slice tissue 

with variable orientations. (b) GCamP7f traces recorded from the stimulated cells upon 24 hrs 

of saline (black) and nPDs (green, left bright field image of the cell with nPDs) incubation. 

Timepoint of laser stimulation is highlighted by red bar and flash. Note the transient increase 

in baseline fluorescence during stimulation when in the presence of 24 hrs old nPD (c) 

Quantification of baseline calcium events’ frequency, prior to stimulation, which is not 

affected by 24 hrs of nPD incubation (n=8 slices). (d) Increase in calcium events’ frequency by 

laser stimulation of nPDs in the DH is preserved also after 24 hrs of nPDs incubation (n=8 

slices, p<0,001, unpaired Student’s t-test with Welch correction). (e, f) GFAP (in green) and 

Iba1 (in red) confocal images of OSC slices upon saline and 24 hrs nPDs incubations. Resident 

cells (astrocytes and microglia) reactivity was not triggered by nPDs, quantified in (f). 

Calibration bar 50 µm; n=12 slices. 
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