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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.1, 3.3, 3.4, 4.2, 4.3, 6.1
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.4, 4.2
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Rosy Joshi-Mukherjee: The following protocol describes the development of human induced pluripotent stem cell-derived cardiomyocyte networks on multiwell MEA plates to reversibly electroporate the cell membranes for action potential measurements.  Action potential parameters can then be used to generate dose-response curves to test compounds for electrophysiology.

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

1.2. Viviana Zlochiver:  High-throughput action potential recordings can be obtained from the same cells repeatedly over days, enabling researchers to track membrane electrodynamics over time. This novel application offers new possibilities for drug safety assessment and disease modeling.

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

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Stacie Edwards: Multiwell MEA coating and cell plating are the most challenging steps that need special attention. One must perform these steps diligently and swiftly to prevent droplet spreading and drying out. With practice this can be easily overcome.

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

1.4. Jonathan Cook: We developed a custom graphical user interface for signal segmentation, quality assurance, and parameter extraction. A robust MATLAB workflow was implemented to rapidly reduce large volumes of raw experimental data into an unbiased grouping of action potential waveforms.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Section - Protocol
2. Pre-plating of the Cryopreserved hiPSC-CM for Maturation
2.1. Begin by thawing human induced pluripotent stem-cell derived cardiomyocytes, according to manuscript directions [1]. Gently suspend the cells using a transfer pipette to dissociate cell clumps [2]. Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent walking to the biosafety cabinet with the cells in a 15 mL conical tube in hand. In the hood: transfer pipette, rack with media containing tube and 6 well plate.
2.1.2. Talent pipetting cells up and down with transfer pipette. 
2.2. Then, carefully dispense 2 milliliters of cell suspension into each well of a substrate-coated 6-well plate [1] and place the plate in a cell culture incubator at 37 C and 5% carbon dioxide [2].
2.2.1. Talent dispensing cells into two wells. 
2.2.2. Talent placing the plate in the cell incubator. 

2.3. Cells should adhere to the Geltrex by 24 hours [1] and beat spontaneously at 48 hours post-plating [2-3]. 

2.3.1. Added shot: Talent placing cells under the microscope for inspection.
2.3.2. LAB MEDIA: Video 1.AVI of beating cells. TEXT: 4 days post-plating. Video Editor: Use a split screen to show videos 1 and 2 simultaneously.
2.3.3. LAB MEDIA: Video 2.AVI of beating cells. TEXT: 14 days post-plating. 

3. Multiwell MEA Plate Sterilization and Coating
3.1. Two days prior to plating, add 0.5 milliliters of hiPSC-CM (pronounce ‘human I-P-S-C cardiomyocyte’) culture medium to each well of a 24-well multielectrode array, or MEA, plate [1] and perform a baseline recording to verify signal-to-noise ratio as a quality check of the MEAs [2]. 
3.1.1. Talent adding 0.5 mL medium to a few wells. 
3.1.2. Talent performing a baseline recording.
3.2. Then, aspirate the media [1], rinse the wells with sterile water [2], and sterilize under a UV light in a laminar flow hood overnight [3]. 
3.2.1. Talent aspirating media. 
3.2.2. Talent rinsing wells. 
3.2.3. Talent placing the plate under the UV light.
3.3. On the next day, add 0.1 milliliter of FBS to each well for hydrophilic treatment of MEA surfaces and incubate the plate at room temperature for 30 minutes [1]. Then, aspirate the FBS and rinse each well twice with 0.5 milliliters of sterile water [2]. Leave the plate to dry in the laminar flow hood overnight [3]. Videographer: This step is important!
3.3.1. Talent adding FBS to wells and leaving the plate to incubate. 
3.3.2. Talent aspirating FBS from wells and adding water to wells. 
3.3.3. The plate in laminar flow hood. 
3.4. On the following day, pipette 5 microliters of working fibronectin dilution and carefully dispense the droplet in the center of each well to cover all 12 electrodes [1]. Immediately place the plate on a raised surface inside a humidifying chamber containing enough sterile water to cover the entire dish surface [2]. Videographer: This step is important and most difficult!
3.4.1. ECU: Talent carefully dispensing the droplet.
3.4.2. Talent placing the plate onto the humidifying chamber.

3.5. Place the chamber with the plate in the cell culture incubator for 3 hours and then proceed with cell plating [1]. 

3.5.1. Talent placing the chamber in the incubator. 
3.5.2. Talent preparing the cells for plating. 

4. hiPSC-CM Dissociation and Plating on Multiwell MEA Plate 
4.1. When ready to plate the cardiomyocytes, adjust the cell density to 6,000 cells per microliter by diluting them in hiPSC-CM thawing medium [1]. Use gentle flicking to keep the cells from sedimenting [2]. 
4.1.1. Talent adding medium to dilute the cells. 
4.1.2. Talent flicking the tube with the cells.
4.2. Bring the MEA plate into the laminar flow hood [1] and carefully remove the fibronectin drop with a P10 pipette without touching the electrodes [2]. Immediately dispense a 5-microliter cell droplet to the center of the well, making sure to cover all 12 electrodes [3]. Do this one well at a time to prevent fibronectin from drying [4]. Videographer: This step is important and most difficult!
4.2.1. Talent bringing the plate to the hood. 
4.2.2. ECU: Talent removing the fibronectin. 
4.2.3. ECU: Talent dispensing the cell droplet. 
4.2.4. Talent removing fibronectin and adding cells to another well.
4.3. When finished plating, place the MEA plate back in the loosely covered humidifying chamber [1] and return it to the cell culture incubator for 3 hours [2-TXT]. After the incubation, use a P200 pipette to carefully add 200 microliters of hiPSC-CM thawing medium to each well without disturbing the cells [3]. Videographer: This step is important!
4.3.1. Talent putting the plate back in the chamber. 
4.3.2. Talent bringing the chamber to the cell culture incubator. TEXT: 37 C and 5% CO2
4.3.3. ECU: Talent dispensing medium to a well. 

4.4. Place the MEA plate back in the cell culture incubator [1] and replace culture medium 24 hours after plating [2]. 

4.4.1. Talent putting the plate back in the incubator. 
4.4.2. Talent replacing the medium.

5. hiPSC-CM Electroporation and Signal Acquisition
NOTE: All Screen Capture footage to be provided by Authors

5.1. When ready to acquire signal from the cardiomyocytes, initiate the acquisition software and insert the MEA plate according to manuscript directions [1]. Click the ‘Explore’ button to visualize the signal in all wells and verify the signal quality and steady-state conditions. Take notes on electrodes with field potential, or FP, signals in the millivolt range [2]. Then click the same button to stop the exploration. No data has been recorded up to this point [3]. Click the ‘Go!’ button to start recording [4].

5.1.1. Talent at the MEA system initiating it. 
5.1.2. SCREEN: ‘Explore’ clicked and signals visualized.
5.1.3. SCREEN: ‘Explore’ clicked to stop exploration. 
5.1.4. SCREEN: ‘Go!’ being clicked.

5.2. The electrodes in each well will show FP signals in the raw data window [1]. After 30 seconds of recording, click on the ‘Stimulate’ button and allow electroporation to take place on the selected sites for 30 seconds [2-TXT]. Then, click on the same button to stop stimulation and continue recording for 60 seconds [3-TXT].

5.2.1. SCREEN: Field potential shown in the raw data window.
5.2.2. SCREEN: Transition between FP signals and stimulations (yellow triangles). TEXT: click ‘Stimulate’ to initiate electroporation
5.2.3. SCREEN: Transition between stimulations (yellow triangles) and AP signals, then recording continued. TEXT: click ‘Stimulate’ again to end electroporation 

6. Data Segmentation and Analysis 
NOTE: All Screen Capture footage to be provided by Authors 

6.1. Use the Matlab-based custom software to segment and extract various field potential and action potential data parameters. First, run the ‘Waveform Analysis’ code and click on ‘File’ and select ‘Process.h5’ [1]. Find and select the previously-created mwd.h5 file [2-TXT].

6.1.1. SCREEN: ‘Waveform Analysis’ code being run, ‘File’ being clicked, and ‘Process.h5’ being selected.
6.1.2. SCREEN: Scroll through to find the mwd.h5 file. TEXT: See Manuscript for data file conversion

6.2. Click on the ‘Save Directory’ button to change the storage location of the output files [1]. Then, create a signal processing queue by selecting the electrode and well combinations of interest and then clicking the ‘Queue’ button [2]. Repeat this step to add more electrode and well combinations to the queue [3]. 

6.2.1. SCREEN: ‘Save Directory’ being clicked and storage location changed. 
6.2.2. SCREEN: Electrode/well combinations being selected, and ‘Queue’ being clicked. 
6.2.3. SCREEN: More electrode/well combinations being added.

6.3. If cells were treated with drugs, the queue can be edited by clicking directly on ‘Med Name – Med Concentration’ [1]. Once the queue has been finalized, click the ‘Initialize Waveforms’ button, which will start the preliminary processing where the signals are identified and extracted for segmentation [2]. 

6.3.1. SCREEN: Queue being edited. 
6.3.2. SCREEN: ‘Initialize Waveform’ being clicked.

6.4. When processing is finished, click on the ‘Zoom In’ button and select the action potential, or AP, area of interest [1]. Click the ‘Keep’ button and review the panels. The peaks and troughs are detected for every waveform and the normalized AP’s are superimposed [2-TXT].

6.4.1. SCREEN: ‘Zoom-In’ being clicked and area of interest being selected. 
6.4.2. SCREEN: ‘Keep’ being clicked. Video Editor: Emphasize one peak, represented by red X, and one trough, represented by a yellow circle. Label them ‘Peak’ and ‘Trough’ with text overlay. 

6.5. When finished, click the ‘Keep’ button to move on to the next trace in the queue and repeat the process for the rest of the electrode and well combination signals [1]. 

6.5.1. SCREEN: ‘Keep’ being clicked and the process starting over. 
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Section – Results
7. Results: Action Potential Recordings of hiPSC-CMs 
7.1. The viability and plating density of the post-thawed cardiomyocytes is critical for multi-well MEA culture [1]. Proper plating results in a healthy monolayer culture with spontaneous beating at 48 hours [2], while poor cell viability results in cultures with a high percentage of non-myocyte populations [3].  
7.1.1. Figure 1 B. 
7.1.2. Figure 1 B. Video Editor: Emphasize first image.
7.1.3. Figure 1 B. Video Editor: Emphasize second image. 
7.2. Cell droplet dispersion affects culture density and can even lead to cell death, so precise cell placement is important [1]. 
7.2.1. Figure 3 C. Video Editor: Label the left image ‘Optimal’ and the right image ‘Suboptimal’
7.3. The cells cultured on MEAs are subjected to a quality check for electrical activity 48 hours after plating. If 50% of the electrodes within a network and 70% of the total networks do not produce FP signals, then the culture is suboptimal [1].
7.3.1. Figure 6. Video Editor: Label A ‘Optimal’ and B ‘Suboptimal’

7.4. Electroporation-mediated AP recordings can be obtained multiple times 48 hours post-MEA plating. Multiple electroporations of the same cell site at 0, 24, 48, 72 and 96 hours have no significant effect on the AP shape over time [1]. 

7.4.1. Figure 11 B.

7.5. Additionally, no correlation between FP and post-electroporation AP amplitudes from the same cell site has been observed [1].   

7.5.1. Figure 11 A.

7.6. A significant advantage of this method is that the multi-well MEA plate can be reused multiple times. To demonstrate the reliability of this array, 3815 AP waveforms are pooled from three restoration batches and AP duration data is extracted to examine repeatability of the results [1]. 

7.6.1. Figure 13. 




Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

8.1. Christopher Beal: When of interest, it is possible to perform additional  assays such as gene expression, calcium transient measurements and patch clamp to investigate the behavior of specific ionic currents.

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

8.2. Rosy Joshi-Mukherjee: This technique paves the way for researchers to enhance electrophysiological maturation as well as to screen chronic dose effects on cardiomyocytes.

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