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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y
(If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Leica MS5 (sterile stereomicroscope) and Nikon Eclipse TS100

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 
3.3, 3.4, 3.6, 5.4, 5.7 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) 
3.3, 3.4 

E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Same building, 3 different rooms (of which two on the same floor and one in another floor)

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to dissociate  cardiomyocytes derived from human pluripotent stem cells and plate them on multi-electrode arrays to measure and quantify the duration and the frequency of their typical electrical signal, also called field potential. (Intro)
Text: MEAs: multi-electrode arrays
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Milena Bellin: This method can help answer key questions in the cardiac stem cell field, such as “what are the electrophysiological differences between cardiomyocytes carrying ion channel mutations and wild-type controls?”. 
1.2. Milena Bellin: The main advantage of this technique is that it allows drug screening on human cardiomyocytes derived from patients’ cells.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Dorien Ward-van Oostwaard: Visual demonstration of this method is critical as the dissociation and plating steps are essential for successful electrical signal recording.   

1.4. Luca Sala: Generally, individuals new to this method will struggle because identification of good or bad quality electrical signals is not trivial and field potential analysis requires experience.
Protocol (read by voice talent at JoVE):

2. Coating of MEA [pronounce M-E-A] chips 
2.1. To begin this procedure, place the clean chips in a standard 10 cm diameter plastic sterile Petri dish [1-MED-over the shouolder].  Next, add 8 mL of sterile distilled water to the Petri dish to form a humidified chamber, which will prevent the small volume of culture medium on the chip from drying when placed in the incubator [2-MED-over the shouolder].
2.1.1. *Film as written

2.1.2. Talent adds 8 mL of sterile distilled water to the Petri dish (please use take 3)
2.2. Then, use the custom-made polytetrafluoroethylene rings to ensure plating of the cardiomyocytes in the center of the chip, where the electrode array is located [1-CU-TXT]. In the culture hood, remove the rings from the ethanol [2-MED]. Place them in a sterile Petri dish without a lid and allow the rings to dry in the hood [3-CU].  Then, place a dry ring inside a MEA chip using the flame-sterilized tweezers [4-MED].
2.2.1. CU the custom-made polytetrafluoroethylene ring. Text: PTFE: polytetrafluoroethylene
2.2.2. Talent removes the rings from the ethanol (this step was recorded as 2.2.1  - double check with videographer)
2.2.3. CU the rings as they are placed in a Petri dish without a lid
2.2.4. Talent places a a dry ring inside a MEA chip 
2.3. Coat the electrodes by adding 50 µL of 40 µg/mL fibronectin inside the ring [1-CU]. After that, cover the Petri dish with the lid and carefully transfer the dish containing the MEA chip into an incubator [2-MED-TXT].  

2.3.1. CU the ring as 50 µL of fibronectin is added inside it
2.3.2. Talent places a Petri dish containing the MEA chip closed with lid in the incubator. Text: 37 °C, > 1 h, or 4 °C, overnight
2.4. Following that, transfer the dish containing the MEA chip to the cell culture hood [1-MED]. Before using the MEA chip, aspirate 50 µL of fibronectin using a P200 pipette or a vacuum system in the hood without displacing the PTFE ring [2-MED-over the shoulder-TXT].  Ensure that no solid objects touch the electrodes by keeping the tip angled [3-CU].

2.4.1. Talent places the dish with the MEA chip in the cell culture hood
2.4.2. Talent aspirates the fibronectin without displacing the PTFE ring. Text: PTFE: polytetrafluoroethylene (please use take 2)
2.4.3. CU the dish to show its inside is not touched during aspiration
2.5. Then, gently add 950 µL of LI-BPEL medium, ensuring that it is evenly distributed and that the ring does not float [1-CU-TXT].  Subsequently, return the dish to the incubator [2-MED].
2.5.1. CU the dish as 950 µL of LI-BPEL medium is added to it and shows that the ring does not float. Text: See Table 1 in the accompanying manuscript for LI-BPEL medium’s composition (please use take 2)
2.5.2. Talent places the dish in the incubator
3. hPSC-CMs dissociation and plating  

3.1
This is the initial culture of the beating cardiomyocytes [2-SCOPE].  In a tissue culture hood, aspirate the medium from the hPSC-CMs culture well [1-MED-TXT]. Add 1-2 mL of PBS without Ca2+/Mg2+ to each well to wash the culture and aspirate the PBS [3-MED-over the shoulder]
3.1.1.
Show the beating cardiomyocytes [SCOPE]. Text: hPSC-CMs: human pluripotent stem cells- derived cardiomyocytes (please use take 2)
3.1.2.
*Film as written

3.1.3.
Talent adds 1-2 mL of PBS to each well to wash the culture and aspirate it
3.2. Afterward, add 500 µL of the dissociation enzyme to each well [1-MED-over the shoulder].  Incubate the sample for 5 minutes at 37 °C [2-MED-TXT].

3.2.1. *Film as written

3.2.2. Talent places the sample in the incubator. Text: 5 min, 37 °C (please use take 2)
3.3. After 5 minutes, add 1 mL of LI-BPEL to each well to dilute the enzyme [1-MED-over the shoulder]. Detach the monolayer of hPSC-CMs by gently scratching them with a P1000 pipette [2-CU]. Then, collect the cell suspension in a 15 mL tube [3-CU]. 

3.3.1. *Film as written

3.3.2. CU the monolayer of hPSC-CMs as they are being detached 
3.3.3. CU the 15 mL tube as the cell suspension is  being collected
3.4. Next, rinse the well with 1 mL of LI-BPEL to collect all the remaining cells and cell clumps [1-CU].  Add another 2-3 mL of LI-BPEL to reach a final volume of around 5-6 mL and gently pipette up and down 3-5 times with a 5 mL pipette to dissociate cell clumps [2-CU]. 
3.4.1. CU the well as it is rinsed with 1 mL of LI-BPEL to collect all the remaining cells and cell clumps
3.4.2. CU the tube as another 2-3 mL of LI-BPEL is added and the cell clumps are being pipetted up and down a few times
3.5. Follwing that, centrifuge the cells at room temperature for 3 minutes at 300 x g [1-MED-over the shoulder-TXT]. After that, remove the supernatant without dislodging the cell pellet [2-CU]. Then, resuspend the cell pellet in 250 µL of LI-BPEL [3-CU].
3.5.1. Talent places the cells in the centrifuge. Text: RT, 3 min, 300 x g
3.5.2. CU the sample as the supernatant is removed Author note: If possible, please show take 1 (close up of the pellet in the tube with medium) and take 2 (while the medium is removed)
3.5.3. CU the cell pellet as it is resuspended and pipetted gently with a P1000
3.6. Subsequently, distribute 50 µL of cell suspension per MEA by pipetting the cell suspension directly into the center of the PTFE ring, on top of the electrode array [1-SCOPE].  Carefully transfer the MEAs to the incubator at 37 °C and allow the cells to attach overnight [2-CU-TXT].
3.6.1. Show that the cell suspension is pipetted directly into the center of the PTFE ring, on top of the electrode array Author note: Please use both take 1 and take 2 -  they are both important for the redear to understand what to expect at this point
3.6.2. CU the MEAs as they are placed in the incubator. Text: 37 °C, overnight
4. Ring removal and medium refreshment  

4.1. One day after plating, carefully remove the ring in a sterile environment using sterile tweezers [1-MED-over the shoulder].  Rinse the ring in 80% ethanol and store it in a 50 mL tube containing 80% fresh ethanol [2-CU].
4.1.1. *Film as written

4.1.2. CU the ring as it is dropped into a 50 mL tube containing 80% ethanol, rinsed once and and resuspended in 80% fresh ethanol
4.2. Next, gently remove 500 µL of medium from the MEA chip [1-MED-over the shoulder] and add 500 µL of fresh LI-BPEL to it [2-MED-over the shoulder].
4.2.1. *Film as written

4.2.2. *Film as written

4.2.3. Added shot: SCOPE hPSC-CMs on the MEA (cells after ring removal the day after plating)
4.3. Afterward, transfer the MEAs to the incubator at 37 °C [1-MED].  Then, measure the electrical activity of hPSC-CMs on MEAs starting from 1 day after ring removal and up to one week [2-CU].
4.3.1. Talent places the MEAs in the incubator
4.3.2. CU the hPSC-CMs on MEAs in the incubator
5. Check signal quality and start experiment
5.1. Now, launch the software suite linked to the MEA set up [1-MED-over the shoulder].  Next, set the temperature to 37 °C in TCX_Control to record the measurements [2-CU]. 
5.1.1. Talent launches the software on the computer monitor
5.1.2. CU the temerprature control as it is set to 37 °C
5.2. After that, remove the dish containing the MEA chip from the incubator [1-MED]. Take out the MEA chip from the dish and place it on a tissue to absorb the residual water [2-MED-over the shoulder].

5.2.1. *Film as written

5.2.2. Talent opens the lid, takes out the MEA chip and places it on a tissue
5.3. Carefully wipe the external contacts of the plate with a tissue [1-CU] and clean it using a cotton swab moistened with 100% ethanol to remove any residual water or debris, which might cause signal noise [2-CU].

5.3.1. CU the plate as it is wiped with a tissue
5.3.2. CU the plate as it is cleaned with 100% ethanol to remove any residual water or debris
5.4. Then, transfer the MEA plate to a 37 °C recording head-stage to detect the spontaneous activity [1-MED-over the shoulder].  Open MC_Rack and click ‘Edit’ to load the MEA hardware [2-SCREEN]. To create a new protocol, use the drop down menu ‘Edit’ to add different Recorder and Display windows to the protocol [3-SCREEN]. 
5.4.1. Talent transfers the MEA plate to a 37 °C recording head-stage
5.4.2. Show that MC_Rack is opened, ‘Edit’ and ‘add MEA2100’ are clicked 
5.4.3. Show that in the drop down menu ‘Edit’, different Recorder and Display windows are added
5.5. Subsequently, start the protocol in play mode by clicking on the ‘play’ button [1-SCREEN].  If the signals exhibit visible R peaks and T peaks clearly, wait 10-15 minutes to conclude the adaptation phase [2-SCREEN].
5.5.1. Show that the ‘play’ button is clicked

5.5.2. Show that the signals exhibit visible R peaks and T peaks clearly
5.6. To start the experiment, click ‘record’ and then ‘play’, and acquire data for 10 minutes under the baseline conditions to determine the steady state [1-SCREEN]. Annotate the electrodes that have the best signal so that they can be easily identified and exported later for analysis [2-MED-over the shoulder].

5.6.1. Show that ‘record’ and then ‘play’ are clicked

5.6.2. Talent annotates the electrodes that have the best signal in the lab notebook

5.7. For drug-response assessment, add increasing concentrations of drug every 10 minutes [1-MED]. Click ‘stop’ to conclude the recording at the end of the protocol [2-MED-over the shoulder].
5.7.1. Talent adds drug to the cells

5.7.2. Talent clicks ‘stop’ to finish the recording on the computer monitor Author note: Both talent and screen movies are provided for your choice.
6. Results: MEA recording of hPSC-CMs 
6.1. Here are the representative traces recorded with a MEA showing a good quality trace with R/Q and T peaks clearly visible with high signal to noise ratio [1-LM], a bad quality trace without clearly visible R/Q and T peaks [2-LM], and a noisy trace with R/Q and T peaks clearly visible but with low signal to noise ratio [3-LM]. 
6.1.1. Panel 4A.pdf: Show left panel
6.1.2. Panel 4A.pdf: Add middle panel

6.1.3. Panel 4A.pdf: Add right panel

6.2. And here are the representative examples of good quality field potential traces with different morphologies that can be recorded during MEA experiments using hPSC-CMs [1-LM]. The shaded area represents the QT interval measured during the analysis [2-LM]. Since the field potential at the MEA resembles the first derivative of the action potential, the integral of the field potential traces have been calculated as theoretical demonstrations of the T waves that are close to the complete action potential repolarizations [3-LM].
6.2.1. Panel 4B.pdf: Show the 6 panels (without the grey rectangles and the red dotted lines)
6.2.2. Panel 4B.pdf: Add the grey rectangles to the panels

6.2.3. Panel 4B.pdf: Add the red dotted lines to the panels

7. Conclusion (said by authors on camera)

7.1. Dorien Ward-van Oostwaard: While attempting this procedure, it’s important to remember to cover the highest number of electrodes to ensure reliable and consistent signals.

7.2. Luca Sala: Following this procedure, other methods like quantitative real-time PCR or single-cell patch-clamp can be performed in order to answer additional questions like specific gene expression associated to the electrical phenotype or specific current amplitude.

7.3. Milena Bellin: After its development, this technique paved the way for researchers in the field of stem cells to explore cardiac arrhythmias and in vitro pharmacology using cardiomyocytes derived from human pluripotent stem cells.

7.4. Milena Bellin: After watching this video, you should have a good understanding of how to dissociate and plate hPSC-CM on the MEAs for electrophysiological measurements and drug screening.

7.5. Luca Sala: Don't forget that working with drugs can be extremely hazardous and precautions such as standard GLP  should always be taken while performing this procedure.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

5.1.2 -Temperature at 37C.mp4
5.4.2 - MC_Rack is opened.mp4 
5.4.3. - Recorder and Dysplay windows are added.mp4
5.5.1. - Play.mp4
5.5.2 - T and R peaks.mp4 
5.6.1. - Record.mp4
5.7.2 - Stop.mp4
6.1.1 - Figure 4A_1.pdf

6.1.2 - Figure 4A_2.pdf

6.1.3 - Figure 4A_3.pdf

6.2.1 - Figure 4B_1.pdf

6.2.2 - Figure 4B_2.pdf

6.2.3 - Figure 4B_3.pdf
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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