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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO  


2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done


3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? A few feet away


Current Protocol Length

Number of Steps: 32
Number of Shots: 55 

Introduction
Videographer: Obtain headshots for all authors. 
1. Introductory Interview Statements	Comment by Pradnya Kedari: Author: The interview statements were edited for brevity, and one of the statements was removed to maintain the length of the script as per the journal guideline.

Please memorize the interview statements before filming.

[bookmark: _Hlk126139536]REQUIRED: 
1.1. Andre Monteiro da Rocha: This protocol is significant because it enables researchers to mature commercial or in-house-made hiPSC-CMs to an adult-like phenotype that significantly improves the predictive value of hiPSC-CMs in cardiotoxicity screening.   

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 3.1.1.


1.2. Andre Monteiro da Rocha: The main advantage of this protocol is that it delivers mature hiPCS-CMs in a high throughput format for optical mapping of calcium or voltage changes.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 5.1.1 


OPTIONAL:
1.3. Andrew Allan: This protocol may be used to investigate disease mechanisms or to screen drugs for cardiotoxicity.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 





Introduction of Demonstrator on Camera

1.4. Todd Herron: Demonstrating the procedure will be Jeffery Creech, a Research Associate from my laboratory.  
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.5. Procedures involving hiPSC usage have been approved by the University of Michigan HPSCRO Committee (Human Pluripotent Stem Cell Oversight Committee).

Protocol
2. Commercially Available Cryopreserved hiPSC-CMs Plating for Maturation on a Maturation-Inducing Extracellular Matrix (MECM)
Videographer: Please capture the shot with labels of all the containers visible during the addition.
Author: Please clearly label all the chemical containers used during the shot.
2.1. Begin by washing the maturation-inducing extracellular matrix, or MECM (M-E-C-M) plates two times with 200 microliters of Hank’s balanced salt solution or HBSS (H-B-S-S) 1 hour prior to cardiomyocyte plating. Keep the wells hydrated [1].
2.1.1. Talent adding 200 µL of buffer to a few wells of a 96-well plate.

2.2. Transfer the cardiomyocyte tubes from the liquid nitrogen tank to dry ice, and release the pressure by slightly opening the tube caps [1].
2.2.1. Talent transferring the cardiomyocyte tubes from the liquid nitrogen tank to dry ice and slightly opening the tube caps.

2.3. Next, re-seal the tube caps and thaw them in the water bath for 4 minutes [1]. 
2.3.1. Talent placing the re-sealed tubes in the water bath.
2.4. Then, add 1 milliliter of plating medium to the cryovial and transfer the wash into the 15-milliliter conical tube [1]. 
2.4.1. Talent transferring the 1 mL wash of plating medium from the cryovial into the 15 mL conical tube.

2.5. After the thawing of the cells, spray the tubes with 70% ethanol before opening them [1]. Transfer the cells into 15-milliliter conical tubes with a 1-milliliter pipette [2]. Then, slowly drip 1 milliliter of plating medium and agitate the tube. Repeat this until the transfer of 8 milliliters of plating medium [3]. 
2.5.1. Talent spraying the tubes with 70% ethanol.
2.5.2. Talent transferring the cells into 15-mL conical tubes using a 1-mL pipette.
2.5.3. Talent dripping 1 mL of plating medium, agitating the tube.

2.6. Then, add 1 milliliter of plating medium to the cryovial and transfer the wash into the 15-milliliter conical tube [1]. 
2.6.1. Talent transferring the 1 mL wash of plating medium from the cryovial into the 15 mL conical tube.

2.7. Centrifuge the 15-milliliter tube at 300 g for 5 minutes and resuspend the pellet in 1 milliliter of the plating medium [1]. Remove an aliquot and perform live cell counting with a hemocytometer [2] before adding a plating medium to obtain 7.5 × 105 cells per milliliter [3]. 
2.7.1. Pellet in a view, Talent adding 1 mL of plating medium to the 15-mL tube. 
2.7.2. Talent performing live cell counting with a hemocytometer.
2.7.3. Talent adding plating medium to the cells.

2.8. Dispense 100 microliters of the cell suspension per well of a MECM-coated 96-well plate using a multichannel pipette and incubate the cells for 2 days [1-TXT]. Videographer: This step is important!
2.8.1. Talent dispensing 100 µL of the cell suspension to a well/s of a MECM-coated 96-well plate. TXT: Incubation= 37 °C, 5% CO2

2.9. Next, replace the medium with 200 microliters of maintenance medium and maintain the plates for 7 days, with a change of medium on day 5 [1]. On day seven, perform EP (E-P) assay as described in the text [2]. Ensure to change the medium every other day when opting for extending the cell culture [3]. 
2.9.1. Talent adding 200 µL/well of the maintenance medium in a few wells.
2.9.2. Talent performing EP assay.
2.9.3. Talent changing the medium.
3. Human-Induced Pluripotent Stem Cell-Derived Cardiomyocytes (hiPSC-CM) Purification
3.1. To purify hiPSC-CM (I-P-S-C C-M) via magnetic-activated cell sorting or MACS (M-A-C-S), aspirate the cell culture medium and wash the cells with 1 milliliter of HBSS0 (H-B-S-S minus minus’) [1]. Then dissociate the cells by adding 1 mL of 0.25% trypsin- Ethylenediamine tetraacetic acid or EDTA (E-D-T-A) and incubating the cells for 10 minutes [2]. 
3.1.1. Talent adding 1 mL HBSS—to the cells.
3.1.2. Talent adding 1 mL of 0.25% trypsin/EDTA.

3.2. Then, inactivate the trypsin-EDTA by resuspending and singularizing the cells with 2 milliliters of plating medium [1]. 
3.2.1. Talent adding 2 mL of plating medium.

3.3. From the six wells, collect the cells into a 50-milliliter conical tube using a 70-micrometer strainer [1]. After washing the strainer with 3 milliliters of plating medium, count the cells [2].
3.3.1. Talent transferring the cells from wells into the 50-mL conical tube through a 70 µm strainer.
3.3.2. Talent counting the cells. Videographer: Please capture a few extra shots here to re-use at 3.10.21

3.4. After counting, centrifuge and wash the cell pellet with 20 milliliters of ice-cold MACS separation buffer [1] before pelleting and resuspending the cells in 80 microliters of cold MACS separation buffer per 5 × 106 cells [2]. Add 20 microliters of cold non-cardiomyocyte depletion cocktail and mix the suspension before incubating on ice for 10 minutes [3]. 
3.4.1. Pellete in view, Talent adding 20 mL MACS separation buffer to the pellet.
3.4.2. Pellete in view, Talent adding 80 µL cold MACS separation buffer in a cell pellet.
3.4.3. Talent adding 20 µL of cold non-cardiomyocyte depletion cocktail, mixing a suspension, and placing it on ice placed in a view.

3.5. After washing the cells with 4 milliliters of cold MACS separation buffer at 300 g for 5 minutes [1], resuspend the pellet in 80 microliters of cold MACS separation buffer [2]. Add 20 microliters of cold anti-biotin microbeads per 5 × 106 cells and gently mix the cell suspension before incubating on ice for 10 minutes [3]. Videographer: This step is important!
3.5.1. Talent placing the cells for centrifugation.
3.5.2. Pellet in a view, Talent adding 80 µL of cold MACS separation buffer.
3.5.3. Talent adding 20 µL cold anti-biotin microbeads, mixing cells, and placing cells on the ice in view.

3.6. While the samples are incubating, place the positive depletion columns fitted with the 30-micrometer pre-separation filters on the MACS separator [1], and place the labeled 15-milliliter collection tubes below the columns [2]. 
3.6.1. Talent placing the positive depletion columns fitted with the 30 µm pre-separation filters on the MACS separator.
3.6.2. Talent placing the labeled 15 mL collection tubes below the columns

3.7. Next, prime each column with 3 milliliters of cold MACS separation buffer [1]. Mix the antibody-treated cell suspension with 2 milliliters of MACS separation buffer [2], and add it to the column [3].
3.7.1. Talent filling each column with 3 milliliters of cold MACS separation buffer, with an entire column in view.
3.7.2. Talent mixing the antibody-treated cell suspension with 2 mL of MACS separation buffer.	Comment by Monteiro Da Rocha, Andre: These were shot together because they are part of the same procedure and it increased naturality of the footage.
3.7.3. Talent adding antibody mix to the column, with an entire column in view.

3.8. Add 2 milliliters of MACS separation buffer to each column [1] and collect 12 milliliters of flowthrough cardiomyocyte suspension [2].
3.8.1. Talent adding 2 mL of MACS separation buffer to each column with an entire column in a view if possible.
3.8.2. The flowthrough collected in the labeled 15-milliliter collection tubes being seen.

3.9. Centrifuge the cardiomyocytes and discard the supernatant [1-TXT] before resuspending the cardiomyocytes in a 1-milliliter plating medium [2].
3.9.1. Talent placing flowthrough for centrifugation and closing the door. TXT: 300 g, 5 min
3.9.2. Pellet in a view and talent adding 1-milliliter plating medium to the pellet

3.10. To determine the concentration, count the cells and adjust the volume to the desired seeding density [1] before plating the purified cardiomyocyte cells on the MECM 96-well plates [2].
3.10.1. Use 3.3.2. Talent counting the cells. 
3.10.2. Talent adding the purified cardiomyocyte cells on the MECM 96-well plates.
4. Optical Mapping Using Voltage-Sensitive Dyes (VSDs) and Calcium-Sensitive Fluorophores (CSFs)	Comment by Pradnya Kedari: Author: Please review and check the sequence of the steps in the entire section carefully and confirm if it is correct. If not, Kindly make the changes using Track change option.
4.1. Aspirate and replace the cardiomyocyte maintenance medium with 100 microliters of Voltage-Sensitive Dyes or VSD (V-S-D) OR Calcium-Sensitive Fluorophores or CSF (C-S-F) per well of a 96-well plate [1]. 	Comment by Pradnya Kedari: Author: Which media will be added during the demonstration on the filming day? VSD or CSF? Please confirm	Comment by Monteiro Da Rocha, Andre: HBSS	Comment by Monteiro Da Rocha, Andre: But it can be other phenol-red free medium.	Comment by Pradnya Kedari: Author: As there are two responses, the answer was not clear. Please let us know which media will be used for step 4.1 during the filming day (VSD or CSF) so that I will remove the voice-over for the other media.
4.1.1. Talent adding 100 µL of VSD or CSF in a few wells.

4.2. After 30 minutes of incubation, replace the dyes with an assay medium or HBSS [1]. Equilibrate the cells at 37 degrees Celsius before acquiring baseline data optical mapping using a high-throughput optical mapping device [2].
4.2.1. Talent replacing dye with assay medium. OR Talent adding the assay medium.
4.2.2. Talent placing the cells at 37°C. OR, The cells being placed for the baseline acquisition in a high-throughput optical mapping device.

4.3. To treat the cells with drugs for acute exposure testing, or map the cells chronically exposed to drugs of interest, dilute the drugs in dimethyl sulfoxide or DMSO (D-M-S-O) [1] and store them as stock solutions at minus 20 degrees Celsius [2] before diluting them in HBSS to the desired concentrations [3]. 
4.3.1. Talent diluting the drugs in DMSO.
4.3.2. Talent placing the diluted drugs at -20 °C.
4.3.3. Talent diluting the drug stocks in HBSS.

4.4. For cardiotoxicity testing in 96-well plates, add four doses of a compound with at least six wells per dose. Use doses ranging from below to above the clinically effective therapeutic plasma concentration, including the effective dose. [1].
4.4.1. Talent adding one dose of the compound in 6 8 wells with the other 3 dosage stocks in view.

4.5. Similar to the baseline electrophysiology measurements before drug application, capture electrophysiology recordings at least 30 minutes after drug treatment for chronic studies [1].
4.5.1. Talent placing the treated cells for electrophysiology recording.
Videographer: Please capture the shot of ‘Talent capturing the electrophysiology recordings on the instrument.’
5. Optical Mapping Using Genetically Encoded Calcium Indicator (GECI)
5.1. After baseline recordings, apply at least four doses of each medication to mature hiPSC-CM monolayers expressing GCaMP6m (G-C-A-M-P Six - M) with at least six 8 wells per dose [1]. Equilibrate the medications on the cells for 30 minutes and warm the wells to 37 degrees Celsius before and during the data acquisition [2]. 
5.1.1. Talent adding a dose of the medication to the six 8 wells of mature hiPSC-CM monolayers.
5.1.2. Talent placing the cells at 37 °C.

5.2. Following baseline recordings of an entire plate, add 500 nanomolar isoproterenol to every well to enable robust drug response data [1] and quantify the effects of isoproterenol on monolayer beat rate, contraction amplitude, and calcium transient duration [2]. 
5.2.1. Talent adding 500 nanomolar isoproterenol to well/s of CM monolayers.
5.2.2. Talent placing the plate for quantification.

6. Acquisition of Optical Mapping Data and Analysis	Comment by Pradnya Kedari: Author: TO match the action performed in the SC footage with voice-over narration, we have changed the VO at a few stages. Please check the entire section 6. for the change and confirm if it is correct.
If needed, please make the changes using the track change option and send the edits back.
6.1. To acquire optical mapping data, open the front drawer and position the plate on the plate heater [1]. After opening the acquisition software and determining the file saving location in the software, select 10 to 30 seconds Duration and Frame Rate of Acquisition for higher temporal resolution, and click Start Acquisition [2]. 
6.1.1. Talent opening the front drawer and positioning the plate on the plate heater.
6.1.2. SCREEN: 6.1.2 JoVE.mp4: 00:10 to 00:12, then 00:16 to 00:23, then 00:26 to 00:27, then 00:30 to 00:31, 00:47 to 00:50, then 00:58 to 01:00, then 01:05 to 01:07. Duration being set, Frame Rate of Acquisition being selected, and Start Acquisition being clicked. Video Editor: Please speed up the screen capture footage for all the SCREEN shots if and when required.

6.2. Open the analysis software and, in the Import/Filter tab, select either Browse for a single file or Tile Multiple to reconstruct a plate. Select the files and enter a number of rows and columns and select automatic  [1]. 
6.2.1. SCREEN: 6.2.1 JoVE.mp4: 00:23 to 00:26, then 00:34 to 00:37, then 00:47 to 00:48, then 00:54 to 01:04, then 01:47 to 01:48. Analysis software being opened, In Import/Filter tab, Browse or Tile Multiple being selected, and plate being reconstructed.

6.3. Next, select Update Pixel Size, enter Distance per Pixel and use the Well Wizard to determine the wells’ location in the image before clicking Process Save and moving to the next tab [1]. 
6.3.1. SCREEN: 6.3.1 JoVE.mp4: 00:09 to 00:12, then 00:16 to 0:18, then 00:25 to 00:27, then 00:34 to 00:35, then 00:39 to 00:52, then 00:57 to 00:58, then 01:01 to 01:03. 

6.4. Open the ROIs (R-O-Is) or regions of interest tab and choose to draw the ROIs Manually, Automatically, or Not Use ROIs at all,  which will be considered for the analysis of the entire plate. After selecting the region in the well, click the Process/Save button to move to the next step. Check the Hide Wells and Only Show Filtered boxes to visualize the ROIs [1].
6.4.1. SCREEN: 6.4.1 JoVE.mp4: 00:07 to 00:08, then 00:21 to 00:24, then 00:27 to 00:32, then 00:41 to 00:42, then 00:45 to 00:46, then 00:48 to 00:50. 

6.5. Open the Analysis tab and, on the top right side of the screen, select each Well or ROI to confirm the Accuracy of Automatic Beat Detection. Add or Remove Beats from the traces by selecting an Individual Beat and pressing Delete on the keyboard. Once done, click on save [1]. 
6.5.1. SCREEN: 6.5.1 JoVE with beat deletion.mp4: 00:04 to 00:06, then 00:22 to 00:24, then 00:29 to 00:33, then 0036 to 00:37. 

6.6. Next, click the Time-Space Plot button in the Analysis tab and add the line to determine the time-space plot to visualize data for each well or the ROI. After selecting a horizontal or verticle line, click on generate plot [1].  	Comment by Pradnya Kedari: Author: As there are only 3-4 lines per step, we have divided this step in two. Please check and confirm.

6.6.1. SCREEN: 6.6.1 JoVE export data.mp4: 00:09 to 00:11, then 00:20 to 00:21, then 00:25 to 00:30, then 00:39 to 00:40.

6.7. After ensuring the accurate beat detection, proceed to the Export tab and select File Format. Enter Beat statistick option before clicking export. Once exported, open data files and run the chosen statistical analysis routine [1].
6.7.1. SCREEN: 6.6.1 time-space plot.mp4: 00:11 to 00:15, then 00:18 to 00:24, then 00:39 to 00:47.




Results
7. Results: Robust and Rapid Maturation of Human Induced Pluripotent Stem Cell-Derived Cardiomyocytes (hiPSC-CMs)
7.1. Phase contrast imaging showed that the hiPSC-CMs plated on the MECM matured and became structurally distinct from the same batch of hiPSC-CMs replated on the mouse ECM (E-C-M) [1]. Mature cells became rod-shaped [2], while immature cells retained a circular shape [3]. 
7.1.1. LAB MEDIA: Figure 1B.
7.1.2. LAB MEDIA: Figure 1B. Video Editor: Please emphasize the Lower right corner image in 1B showing elongated structures.
7.1.3. LAB MEDIA: Video Editor: Video Editor: Please emphasize the Lower left corner image in 1B showing circular structures.

7.2. Cardiomyocytes stained with α-actinin (alpha-actinin) antibodies showed the typical shape of the cells cultured on each ECM condition [1]. 
7.2.1. LAB MEDIA: Figure 2 A.

7.3. Consistent with the TnI (T-N-i) staining [1], the α-actinin staining indicated that [2], the hiPSC-CMs matured on the MECM, promoted a rod-shaped mature phenotype [3] and induced greater sarcomere organization [4]. 
7.3.1. LAB MEDIA: Figure 1.
7.3.2. LAB MEDIA: Figure 2A.
7.3.3. LAB MEDIA: Figure 2A. Video Editor: Please emphasize the upper two images captured at 20 x.
7.3.4. LAB MEDIA: Figure 2A. Video Editor: Please emphasize the lower two images captured at 60 x.

7.4. Mitochondrial content and activity were distinct between cells cultured on the mouse ECM and the MECM [1].
7.4.1. LAB MEDIA: Figure 2B. 

7.5. The electrophysiological data for action potentials recorded using VSDs (V-S-Ds) and the optical mapping system showed [1] that the atrial-specific cells have a significantly faster spontaneous beat rate and shorter action potential duration or APD80 (A-P-D 80) [2] than the ventricular-specific cells [3].  
7.5.1. LAB MEDIA: Figures 3B-D. 
7.5.2. LAB MEDIA: Figures 3B-D. Video Editor: Please emphasize the black line in graph 3B and the first white bars in 3C and 3D, indicating ‘Atrial’
7.5.3. LAB MEDIA: Figures 3B-D. Video Editor: Please emphasize the red line in graph 3B and the second gray bars in 3C and 3D, indicating ‘Ventricular’

7.6. Whole plate heatmaps for parameters [1], such as APD80, revealed the reproducibility of a given parameter within a plate [2]. Typical action potentials of mature hiPSC-CM monolayers indicated the action potential morphology of isolated and tested adult cardiomyocytes [3]. A typical action potential spontaneous rhythm was also displayed [4].
7.6.1. LAB MEDIA: Figure 4. 
7.6.2. LAB MEDIA: Figure 4. Video Editor: Please emphasize 4A.
7.6.3. LAB MEDIA: Figure 4. Video Editor: Please emphasize 4B.
7.6.4. LAB MEDIA: Figure 4. Video Editor: Please emphasize 4C.

7.7. In response to isoproterenol [1], activation of the β1(beta 0ne)-adrenergic receptors caused positive chronotropy [2], positive inotropy [3], and positive lusitropy [4].
7.7.1. LAB MEDIA: Figure 6. 
7.7.2. LAB MEDIA: Figure 6. Video Editor: Please emphasize 6A.
7.7.3. LAB MEDIA: Figure 6. Video Editor: Please emphasize 6B.
7.7.4. LAB MEDIA: Figure 6. Video Editor: Please emphasize 6C.

7.8. [bookmark: _Hlk125546426]hiPSC-CM response to human Ether-a-go-go-related gene or hERG (hergue) channel blockers, including E-4031 (E-forty thirty-one), domperidone, vandetanib, and sotalol were studied using GCaMP6m calcium fluorescence to monitor the rhythm [1]. The study showed the detection of early after-depolarizations caused by the E-4031 hERG channel blockade [2]. 
7.8.1. LAB MEDIA: Figure 7. 
7.8.2. LAB MEDIA: Figure 7. Video Editor: Please emphasize 7A.


7.8.3. 

Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Andre Monteiro da Rocha: Work fast with the cells in suspension and avoid shear stress by pipetting cells gently. Additionally, perform media changes carefully to avoid damaging the hiPSC syncytia.  

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.4.2. and 2.4.3.


8.2. Andre Monteiro da Rocha: Following this procedure, cells are amenable for protein, RNA, DNA, and lipids collection for analysis with the investigator’s favorite technique.

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 5.2.1

8.3. Todd Herron: The technique empowers researchers to investigate diseases and test for cardiotoxicity of new drugs using adult-like cardiomyocytes. 

8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.1.1
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