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Supplementary Figure 1: Directed differentiation towards mature iPSC-derived cortical 21 
neurons, utilizing the spinner flask platform. (a) Schematic of cortical differentiation in vitro, 22 
with highlighted important milestones within the protocol. (b) A selection of markers used to 23 
characterize the cultures and confirm mature cortical commitment. Scale bar is 100 microns. 24 
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Supplementary Figure 2: Directed differentiation towards mature iPSC-derived motor 27 
neurons, utilizing the spinner flask platform. (a) Schematic of motor neuron differentiation in 28 
vitro, with highlighted important milestones within the protocol. (b) A selection of markers used to 29 
characterize the cultures and confirm motor neuron commitment. Scale bar is 50 microns. 30 

  31 



 32 

Supplementary Figure 3: Directed differentiation towards mature iPSC-derived astrocytes, 33 
utilizing the spinner flask platform. (a) Schematic of astrocyte differentiation in vitro, with 34 
highlighted important milestones within the protocol. (b) A selection of markers used to 35 
characterize the cultures and confirm astrocyte differentiation. Scale bar is 50 microns.  36 
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Supplementary Figure 4: Highlights of the generation and validation of high content PRISM 38 
antibody platform, compared to traditional IF/ICC fluorescence. (a) PRISM antibody 39 
generation of commercially available antibodies and PRISM-based IF/ICC data generation, 40 
including a representative comparison of α-tubulin fluorescent readouts. (b) PRISM validation by 41 
comparing to IF/ICC staining in three major cell compartments, including several stem cell nuclear 42 
transcription factors in pure pluripotent cultures (top) and in mixed pluripotent and differentiating 43 
cultures (bottom), where the Oct4A and Nanog signals are decreased or gone (circled). (c) 44 
Normalized fluorescence yield of PRISM markers compared to IF/ICC controls, normalized to 45 
100% based on IF/ICC signal, in the same culture across the full validated marker panel (Standard 46 
Error of Mean shown; n=3). (d) Individual fluorescence points are shown in the table. Scale bars 47 
are 50 microns.48 



Supplementary Figure 5: Both LNA-PRISM and DNA-PRISM imager strands can generate 49 
high-content data in 2D dissociated human cortical neurons derived from iPSCs. Staining 50 
comparison between the LNA imager strand set and the same antibodies conjugated to work with 51 
the DNA imager strand set. Cells were counterstained with DAPI and Phalloidin488. The PRISM 52 
marker staining sequence was Tuj1 > α-Tubulin > Map2 > Synapsin I > Vimentin > VGluT1 > Pax6 53 
> GFAP > VGAT > Oct4A > CD44 for both the DNA-PRISM and LNA-PRISM antibodies. Scale 54 
bars are 100 microns. 55 



 56 
Supplementary Figure 6: LNA (Locked Nucleic Acid)-PRISM intensity compared to 57 
optimized DNA-PRISM intensity shows comparable fluorescence readouts based on the 58 
Arbitrary Light Units (A.L.U.) on the same microscope. Representative IF images of rat cortical 59 
neurons are shown in the top panel, covering the major cell areas that are used in this paper for 60 
cortical culture characterization. Signal strength comparisons between LNA-PRISM and DNA-61 
PRISM imaging strands was done on three different confocal microscopes (ImageXpress, 62 
Molecular Devices; Opera Phenix, PerkinElmer; C2+ modified manual confocal system, NIKON) 63 
and at least three independent staining experiments. Oct 4A staining (*) was not detected since 64 
there are no pluripotent stem cells left at the time of culture evaluation in either differentiated 65 
human iPSC-derived cortical cultures, or in dissociated rat/mouse cortical cultures. Actin and 66 
nuclear staining (**) were done using commercially available reagents – Phalloidin488 for actin 67 
and DAPI for nuclear counter-staining. Bottom panel graph used A.L.U. values averaged across 68 
three independent experiments, done on the same microscope (Opera Phenix; PerkinElmer). 69 
Error bars show SEM values (no statisitically significant differences between the LNA and DNA 70 
signal for each pair of analogous stainings). Raw values are shown in the table. Scale bar is 100 71 
microns. 72 
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Supplementary Figure 7: Comparison between ICC staining and PRISM staining in human 75 
iPSC-derived cortical neurons, dissociated into 2D culture and maintained for 14 days in 76 
vitro. Representative IF staining with the PRISM characterization panel using the full selection of 77 
cortical markers. Comparing traditional antibody-antibody staining (ICC Stain) versus our 78 
conjugated antibody platform (PRISM Stain), while residual signal left after the low salt buffer wash 79 
is shown in the (Post-Stain) panel for each conjugated antibody. To generate the control ICC 80 
signal, each culture was first stained with the PRSIM antibodies, nine positions were marked and 81 
imaged for each marker. The cultures were then washed and stained with regular secondary 82 
antibodies against the primary, then the same areas were imaged again.  Representative images 83 
shown in this figure are from 6 different staining runs. Pax 6 staining with the PRISM antibody was 84 
subject to sensitivity issue. Scale bars are 100 microns. 85 



 86 
Supplementary Figure 8: Comparison between ICC staining and DNA-PRISM staining in rat 87 
hippocampal neurons, dissociated into 2D culture and maintained for 21 days in vitro (DIV). 88 
Representative immunofluorescent staining with the PRISM characterization panel using the full 89 
selection of cortical markers. Comparing traditional antibody-antibody staining (ICC Control) 90 
versus our conjugated antibody platform (DNA-PRISM) suggests very high correlation between 91 
the readouts in all, but the GFAP marker, where there is a subset of aberrant staining artefacts 92 
(circled in red). This might be due to this specific antibody not being validated to work in rat 93 
dissociated cultures. Importantly, the staining patterns for human (shown in this paper) and mouse 94 
(data not shown) cortical neurons, which are both validated by the manufacturer, are almost 95 
identical between control ICC and our PRISM readouts. Representative data shown in this figure 96 
from 4 independent staining runs. Scale bars are 100 microns.  97 
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Supplementary Figure 9: DNA-PRISM antibodies can generate high-content data in 2D 100 
dissociated rat hippocampal neurons cultures. Representative immunofluorescent staining 101 
with the PRISM characterization panel using the full selection of cortical markers and DNA-based 102 
imager strands. The GFAP and Vimentin markers in our panel were selected and optimized to 103 
work in human cortical cultures, so they exhibit some staining aberrations when used in rat 104 
cultures. Scale bars are 100 microns. 105 
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Supplementary Figure 10: Automated PRISM staining and imaging generates comparable 108 
outputs to manual assays, with a significant increase of the depth of analysis and a 109 
decrease in required run times (a) Representative images generated in cortical neural cultures 110 
using an abridged PRISM panel on the PerkinElmer Phenix. (b) Comparison of percent time spent 111 
between a representative manual assay analysis versus an automated pipeline for a single 96-112 
well plate. Automating the PRISM assay is on average three times faster compared to a manual 113 
assay. Scale bars is 100 microns. 114 
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Supplementary Figure 11: Zoom-in on synaptic markers stained with DNA-PRISM 116 
antibodies. Representative images of three synaptic markers stained in stem cell derived cortical 117 
neurons and in dissociated rat hippocampal neurons. Images were taken in the same field of view 118 
in cultures that were fixed at 14 days post-seeding. Scale bar is 25 microns. 119 
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Supplementary Table 1: Full list of antibodies tested and validated for compatibility with 123 
the necessary modifications to generate PRISM antibodies. Candidate markers that still 124 
maintained their specific recognition sites and staining pattern when compared to the unmodified 125 
version are marked in white, while markers that were inconsistent between conjugation runs are 126 
marked with yellow, and markers that we were unable to convert into PRISM antibodies 127 
successfully are marked in red. 128 
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Supplementary Table 2: List of PRISM antibodies that allow for extensive and parallel 130 
neural culture characterization. Curated panel that is able to analyze complex cortical and motor 131 
neuron cultures, both as healthy controls as well as in disease modeling, while also maintaining 132 
the flexibility to evaluate other neural culture types and states with minimal modifications. Human 133 
glia cells could be seen as expressing synaptic markers (-/+), due to their role in harvesting and 134 
recycling these in neural co-culture 135 
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Supplementary Table 3: Detailed outline on DNA-PRISM staining protocol. Steps and 138 
explanations starting from cell fixation all the way to the post-acquisition data processing, including 139 
the PRISM-specific buffers that are required to cycle imager strands to generate the 12 marker 140 
neural panel images.  141 



 142 

Supplementary Table 4: Protocol steps, including expanded step details and notes for 143 
cortical neuron differentiation using human iPSCs. Detailed notes include small molecule 144 
concentrations, used in this protocol, as well as comments that improve the efficacy of each step 145 
in this complex differentiation. 146 
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Supplementary Table 5: Protocol steps, including expanded step details and notes for 149 
motor neuron differentiation using human iPSCs. Detailed notes include small molecule 150 
concentrations, used in this protocol, as well as comments that improve the efficacy of each step 151 
in this complex differentiation.       152 
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Supplementary Table 6: Protocol steps, including expanded step details and notes for 154 
astrocyte differentiation using human iPSCs. Detailed notes include small molecule 155 
concentrations, used in this protocol, as well as comments that improve the efficacy of each step 156 
in this differentiation.  157 
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Supplementary Table 7: Published LNA/DNA [11] and newly developed DNA-only PRISM pair 160 
sequences list. Docker strands are the ones that are conjugated to antibodies, while the imager 161 
strands are the ones that are used to generate the IF/ICC signal by having them conjugated to a 162 
fluorophore, ATTO647N in the case of the LNA/DNA imagers, or ATTO647N and ATTO590 in the 163 
case of DNA-only imagers. Pluses (+) after the respective nucleotides denote an LNA substitution 164 
within the oligo. Docker sequences are presented in the 5’-3’ direction, while the imager 165 
sequences are shown in the 3’-5- direction in the table. Fluorophores were conjugated on the 5’ 166 
ends of the imager strands. 167 
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Supplementary Data 1: Data enclosed includes the raw analysis files and images that were sued 172 
to generate the culture makeup of the day 55 stem cell derived cortical neurons. Included are also 173 
the criteria that were used to separate each cell type. 174 

Supplementary Data 2: Data enclosed includes the raw analysis files and images that were sued 175 
to generate the culture makeup of the day 85 stem cell derived cortical neurons. Included are also 176 
the criteria that were used to separate each cell type. 177 

Supplementary Data 3: CellPRofiler pipeline that was developed and used to characterize the 178 
PRISM imaging data generated in the paper. 179 
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