
1. Supplementary Figures

Supplementary Figure S1. Immunocytochemistry staining of human induced neural progenitor cells (hiNPCs). A) After thawing, 
the hiNPCs were replated onto microscopy slides and stained for the neural progenitor marker nestin (yellow) and the proliferation 

marker Ki-67 (magenta). The nuclei were counterstained with Hoechst 34580 (blue). Representative images are shown. Scale bar =100 
µ m. B) Quantification of hiNPCs stained for the NPC marker nestin or the proliferation marker Ki-67. Data are represented as mean 
± SEM of two independent experiments.  
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Supplementary Figure S2. Comparison of electrical activity of BrainSpheres (without 3D differentiation) for 7 weeks on microelec-

trode arrays (MEA). The neuronal functionality was measured twice per week and the parameters active wells and active electro des 
(A), weighted mean firing rate (wMFR, B), burst frequency (C), and network burst frequency (D) were analyzed. Each dot represents 
the mean of one well containing 8 electrodes and the red bar represents the mean of all wells resulting from three independent MEA 

experiments each (p ≤ 0.05). 
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Supplementary Figure S3. Comparison of electrical activity of 1 week 3D differentiated BrainSpheres for 7 weeks on 

microelectrode arrays (MEA). The neuronal functionality was measured twice per week and the parameters active wells and active 

electrodes (A), weighted mean firing rate (wMFR, B), burst frequency (C), and network burst frequency (D) were analyzed. Each dot 
represents the mean of one well containing 8 electrodes and the red bar represents the mean of all wells resulting from three  
independent MEA experiments each (p ≤ 0.05). 



4 of 9 

Supplementary Figure S4. Comparison of electrical activity of 2 weeks 3D differentiated BrainSpheres for 7 weeks on microelectrode 

arrays (MEA). The neuronal functionality was measured twice per week and the parameters active wells and active electrodes (A), 
weighted mean firing rate (wMFR, B), burst frequency (C), and network burst frequency (D) were analyzed. Each dot represents the 
mean of one well containing 8 electrodes and the red bar represents the mean of all wells resulting from three independent MEA 

experiments each (p ≤ 0.05) 
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Supplementary Figure S5. Spike raster plots (SRP) and microscopy images of 3 weeks 3D differentiated BrainSpheres differentiated 

for further 3 weeks on microelectrode arrays (MEA). A) Representative 50 seconds spike raster plots of the respective networks. 
Spikes are shown as black bars and bursts are shown as blue bars. B) Exemplary microscopy pictures show the position of the 
BrainSpheres in the wells and the cells growing over the electrodes. Active Electrodes are marked with a green dot and inactive 

electrodes are marked with a red dot. Scale bar = 200 µ m. 
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Supplementary Figure S6. Modification of electrical activity by acute pharmacological modulation with glutamate and ap5/nbqx. 
BrainSpheres were 3 weeks 3D differentiated before plated on MEA and exposed to glutamate (glu) and ap5/nbqx. Shown are the 

weighted mean firing rate (wMFR) of the untreated baseline measurement and after exposure to glu and ap5/nbqx of all units (un-
sorted) in comparison to the responding units (responding). Data are shown as box-whisker plots of three independent MEA exper-
iments with 8 wells per condition (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). Each dot represents one unit.  

Supplementary Figure S7. Modification of electrical activity by acute pharmacological modulation with bicuculline. BrainSpheres 

were 3 weeks 3D differentiated before plated on MEA and exposed to bicuculline. Shown are the weighted mean firing rate (wMFR) 
of the untreated baseline measurement and after exposure to bicuculline of all units (unsorted) in comparison to the respondi ng units 
(responding). Data are shown as box-whisker plots of three independent MEA experiments with 8 wells per condition (*: significant 

to the lowest concentration, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). Each dot represents one unit.  
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Supplementary Figure S8. Modification of electrical activity by acute pharmacological modulation with picrotoxin. BrainSpheres 
were 3 weeks 3D differentiated before plated on MEA and exposed to picrotoxin. Shown are the weighted mean firing rate (wMFR) 
of the untreated baseline measurement and after exposure to picrotoxin of all units (unsorted) in comparison to the responding units 

(responding). Data are shown as box-whisker plots of three independent MEA experiments with 8 wells per condition (*: significant 
to the lowest concentration, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). Each dot represents one unit. 
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Supplementary Figure S9. Modification of electrical activity by acute pharmacological modulation with haloperidol. BrainSpheres 
were 3 weeks 3D differentiated before plated on MEAs and exposed to haloperidol. Shown are the weighted mean firing rate (wMFR) 

of the untreated baseline measurements and after exposure to haloperidol of all units (unsorted) in comparison to the responding 
units (responding). Data are shown as box-whisker plots of three independent MEA experiments with 8 wells per condition (*: 

significant to the lowest concentration, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). Each dot represents one unit. 

Supplementary Figure S10. Modification of electrical activity by acute pharmacological modulation with buspirone. BrainSpheres 
were 3 weeks 3D differentiated before plated on MEA and exposed to buspirone. Shown are the weighted mean firing rate (wMFR) 
of the untreated baseline measurement and after exposure to buspirone of all units (unsorted) in comparison to the responding units 

(responding). Data are shown as box-whisker plots of three independent MEA experiments with 8 wells per condition (*: significant 
to the lowest concentration, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). Each dot represents one unit. 

Supplementary Figure S11. Modification of electrical activity by acute pharmacological modulation with carbaryl. BrainSpheres 

were 3 weeks 3D differentiated before plated on MEAs and exposed to carbaryl. Shown are the weighted mean firing rate (wMFR) 
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of the untreated baseline measurement and after exposure to carbaryl of all units (unsorted) in comparison to the sorted responding 
units (sorted). Data are shown as box-whisker plots of three independent MEA experiments with 8 wells per condition (*: significant 

to the lowest concentration, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). Each dot represents one unit. 

Supplementary Figure S12. Specification of glutamatergic and GABAergic units for acute neurotoxicity testing. A) Response of neu-
ral units to glutamate and AP5/NBQX (left) or GABA and bicuculline (right). Shown are the fold changes of the wMFR to the un-
treated baseline measurement. Data are represented as mean ± SEM of 24 wells with 8 electrodes each.  (*: significant to the lowest 

concentration, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). B) Cytotoxicity assessment after acute exposure to the training compounds TMT and 
emamectin. Shown are the % of the LC as mean ± SEM of 3 technical replicates. TMT, trimethyltin chloride; SC, solvent control; LC, 

lysis control.  


