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SI Figure 1: Directed differentiation towards mature iPSC-derived cortical neurons, utilizing 497 
the spinner flask platform. (a) Schematic of cortical differentiation in vitro, with highlighted 498 
important milestones within the protocol. (b) A selection of markers used to characterize the 499 
cultures and confirm mature cortical commitment.  500 

  501 



 502 

SI Figure 2: Directed differentiation towards mature iPSC-derived motor neurons, utilizing 503 
the spinner flask platform. (a) Schematic of motor neuron differentiation in vitro, with highlighted 504 
important milestones within the protocol. (b) A selection of markers used to characterize the 505 
cultures and confirm motor neuron commitment. 506 

  507 



 508 

SI Figure 3: Directed differentiation towards mature iPSC-derived astrocytes, utilizing the 509 
spinner flask platform. (a) Schematic of astrocyte differentiation in vitro, with highlighted 510 
important milestones within the protocol. (b) A selection of markers used to characterize the 511 
cultures and confirm astrocyte differentiation.   512 



SI Figure 4: Highlights of the generation and validation of high content PRISM antibody 513 
platform, compared to traditional IF/ICC fluorescence. (a) PRISM antibody generation of 514 
commercially available antibodies and PRISM-based IF/ICC data generation, including a 515 
representative comparison of α-tubulin fluorescent readouts. (b) PRISM validation by comparing 516 
to IF/ICC staining in three major cell compartments, including several stem cell nuclear 517 
transcription factors in pure pluripotent cultures (top) and in mixed pluripotent and differentiating 518 
cultures (bottom), where the Oct4A and Nanog signals are decreased or gone (circled). (c) 519 
Normalized fluorescence yield of PRISM markers compared to IF/ICC controls, normalized to 520 
100% based on IF/ICC signal, in the same culture across the full validated marker panel (n=3).  521 



 522 

SI Figure 5: Both LNA-PRISM and DNA-PRISM imager strands can generate high-content 523 
data in 2D dissociated human cortical neurons derived from iPSCs. Staining comparison 524 
between the LNA imager strand set and the same antibodies conjugated to work with the DNA 525 
imager strand set. Cells were counterstained with DAPI and Phalloidin488. The PRISM marker 526 
staining sequence was Tuj1 > α-Tubulin > Map2 > Synapsin I > Vimentin > VGluT1 > Pax6 > 527 
GFAP > VGAT > Oct4A > CD44 for both the DNA-PRISM and LNA-PRISM antibodies. 528 



 529 

530 
SI Figure 6: LNA (Locked Nucleic Acid)-PRISM intensity compared to optimized DNA-531 
PRISM intensity shows comparable fluorescence readouts based on the Arbitrary Light 532 
Units (A.L.U.) on the same microscope. Representative IF images of rat cortical neurons are 533 
shown in the top panel, covering the major cell areas that are used in this paper for cortical culture 534 
characterization. Signal strength comparisons between LNA-PRISM and DNA-PRISM imaging 535 
strands was done on three different confocal microscopes (ImageXpress, Molecular Devices; 536 
Opera Phenix, PerkinElmer; C2+ modified manual confocal system, NIKON) and at least three 537 
independent staining experiments. Oct 4A staining (*) was not detected since there are no 538 
pluripotent stem cells left at the time of culture evaluation in either differentiated human iPSC-539 
derived cortical cultures, or in dissociated rat/mouse cortical cultures. Actin and nuclear staining 540 
(**) were done using commercially available reagents – Phalloidin488 for actin and DAPI for 541 
nuclear counter-staining. Bottom panel graph used A.L.U. values averaged across three 542 
independent experiments, done on the same microscope (Opera Phenix; PerkinElmer).  543 



 544 

SI Figure 7: Comparison between ICC staining and PRISM staining in human iPSC-derived 545 
cortical neurons, dissociated into 2D culture and maintained for 14 days in vitro. 546 
Representative IF staining with the PRISM characterization panel using the full selection of cortical 547 
markers. Comparing traditional antibody-antibody staining (ICC Stain) versus our conjugated 548 
antibody platform (PRISM Stain), while residual signal left after the low salt buffer wash is shown 549 
in the (Post-Stain) panel for each conjugated antibody. To generate the control ICC signal, each 550 
culture was first stained with the PRSIM antibodies, nine positions were marked and imaged for 551 
each marker. The cultures were then washed and stained with regular secondary antibodies 552 
against the primary, then the same areas were imaged again.  Representative images shown in 553 
this figure are from 6 different staining runs. 554 

  555 



 556 

SI Figure 8: Comparison between ICC staining and DNA-PRISM staining in rat hippocampal 557 
neurons, dissociated into 2D culture and maintained for 21 days in vitro (DIV). 558 
Representative immunofluorescent staining with the PRISM characterization panel using the full 559 
selection of cortical markers. Comparing traditional antibody-antibody staining (ICC Control) 560 
versus our conjugated antibody platform (DNA-PRISM) suggests very high correlation between 561 
the readouts in all, but the GFAP marker, where there is a subset of aberrant staining artefacts 562 
(circled in red). This might be due to this specific antibody not being validated to work in rat 563 
dissociated cultures. Importantly, the staining patterns for human (shown in this paper) and mouse 564 
(data not shown) cortical neurons, which are both validated by the manufacturer, are almost 565 
identical between control ICC and our PRISM readouts. Representative data shown in this figure 566 
from 4 independent staining runs.   567 



 568 

SI Figure 9: DNA-PRISM antibodies can generate high-content data in 2D dissociated rat 569 
hippocampal neurons cultures. Representative immunofluorescent staining with the PRISM 570 
characterization panel using the full selection of cortical markers and DNA-based imager strands. 571 
The GFAP and Vimentin markers in our panel were selected and optimized to work in human 572 
cortical cultures, so they exhibit some staining aberrations when used in rat cultures.  573 

  574 



575 
SI Figure 10: Automated PRISM staining and imaging generates comparable outputs to 576 
manual assays, with a significant increase of the depth of analysis and a decrease in 577 
required run times (a) Representative images generated in cortical neural cultures using an 578 
abridged PRISM panel on the PerkinElmer Phenix. (b) Comparison of percent time spent between 579 
a representative manual assay analysis versus an automated pipeline for a single 96-well plate. 580 
Automating the PRISM assay is on average three times faster compared to a manual assay. 581 



 582 

SI Table 1: Full list of antibodies tested and validated for compatibility with the necessary 583 
modifications to generate PRISM antibodies. Candidate markers that still maintained their 584 
specific recognition sites and staining pattern when compared to the unmodified version are 585 
marked in white, while markers that were inconsistent between conjugation runs are marked with 586 
yellow, and markers that we were unable to convert into PRISM antibodies successfully are 587 
marked in red. 588 



 589 

SI Table 2: List of PRISM antibodies that allow for extensive and parallel neural culture 590 
characterization. Curated panel that is able to analyze complex cortical and motor neuron 591 
cultures, both as healthy controls as well as in disease modeling, while also maintaining the 592 
flexibility to evaluate other neural culture types and states with minimal modifications. 593 

  594 



 595 

SI Table 3: Detailed outline on DNA-PRISM staining protocol. Steps and explanations starting 596 
from cell fixation all the way to the post-acquisition data processing, including the PRISM-specific 597 
buffers that are required to cycle imager strands to generate the 12 marker neural panel images. 598 



 599 

SI Table 4: Protocol steps, including expanded step details and notes for cortical neuron 600 
differentiation using human iPSCs. Detailed notes include small molecule concentrations, used 601 
in this protocol, as well as comments that improve the efficacy of each step in this complex 602 
differentiation. 603 

  604 



 605 

SI Table 5: Protocol steps, including expanded step details and notes for motor neuron 606 
differentiation using human iPSCs. Detailed notes include small molecule concentrations, used 607 
in this protocol, as well as comments that improve the efficacy of each step in this complex 608 
differentiation.       609 



 610 

SI Table 6: Protocol steps, including expanded step details and notes for astrocyte 611 
differentiation using human iPSCs. Detailed notes include small molecule concentrations, used 612 
in this protocol, as well as comments that improve the efficacy of each step in this differentiation.  613 

  614 



     615 

SI Table 7: Published LNA/DNA [11] and newly developed DNA-only PRISM pair sequences list. 616 
Docker strands are the ones that are conjugated to antibodies, while the imager strands are the 617 
ones that are used to generate the IF/ICC signal by having them conjugated to a fluorophore, 618 
ATOO647N in the case of the LNA/DNA imagers, or ATTO647N and ATTO590 in the case of 619 
DNA-only imagers. Pluses (+) after the respective nucleotides denote an LNA substitution within 620 
the oligo.  621 

 622 


