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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? N

3. Which steps from the protocol section below are the most important for viewers to see? 
2.2.3
2.3.1
3.3.1
3.3.3
4.2.2
4.5.1

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.2.2.
5. Will the filming need to take place in multiple locations? N


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

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

1.1. Dr. Yoshitake Cho: This protocol allows us to isolate and culture high viability neonatal mouse cardiomyocytes. To evaluate mitochondrial function, oxygen consumption rate of cardiomyocytes can be analyzed by an extracellular flux analyzer [1]. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Dr. Aleksander Andreyev: The main advantage of this technique is that oxygen consumption rate of adherent cardiomyocytes can be easily analyzed in a 96-well format, which enables a larger number of testing conditions [1].
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. Dr. Shizuko Tachibana: This method provides important insights into the research area of cardiology. In addition to oxygen consumption, we can also study other metabolic parameters, such as glycolysis and fatty acid oxidation [1]. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Dr. Ana Manso: Achieving high viability of cardiomyocytes is critical for the experiment. This requires efficient digestion of hearts. Since neonatal cardiomyocytes are very fragile, gentle handling of cardiomyocytes is also important [1]. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of California San Diego.
	


Section - Protocol
2. Harvesting and Pre-digestion of Hearts from Neonatal Mice 
2.1. In the cell culture hood, aliquot 5 milliliters of HBSS to each well of a 6-well cell culture plate and place it on ice [1-TXT]. In addition, aliquot 10 milliliters of HBSS to a 10-centimeter cell culture dish [2]. Then, prepare 20 milliliters of trypsin pre-digestion solution in a 50-milliliter sterile conical tube [3]. Keep all the solutions on ice [4].
2.1.1. MED: Talent aliquots HBSS to each well of a 6-well cell culture plate and places it on ice. TEXT: See the accompanying manuscript for HBSS’s composition 
2.1.2. MED: Talent aliquots HBSS to a 10 cm cell culture dish
2.1.3. MED: Talent prepares 20 mL of trypsin pre-digestion solution in a 50 mL sterile conical tube
2.1.4. CU: Close up of the solutions as they are placed on ice 
2.2. Next, extract the heart and transfer it immediately to the sterile cell culture dish containing HBSS [1]. Remove any residual lung tissue and larger vessels [2]. Wash the heart in the HBSS using gentle agitation [3]. 
2.2.1. MED: Talent transfers the heart to the culture dish with HBSS
2.2.2. CU: Close up of the heart as tissue and vessels are removed
2.2.3. CU: Close up of the heart as it is washed in HBSS
2.3. Subsequently, cut the heart with fine scissors into 8 pieces [1] and transfer the heart tissue with forceps into one well of a 6-well cell culture plate with HBSS [2]. Using a Moria spoon, wash the heart tissue by transferring it from well to well in the 6-well plate filled with HBSS [3].
2.3.1. CU: Close up of the heart as it is cut into 8 pieces
2.3.2. MED: Talent transfers the heart tissue with forceps into one well of a 6-well cell culture plate with HBSS 
2.3.3. CU: Close up of the heart as it is washed and transferred from well to well
2.4. Then, transfer the heart tissue into a conical tube containing 20 milliliters of trypsin [1-TXT] and incubate with gentle agitation at 4 degrees Celsius for 4 hours [2-TXT].
2.4.1. MED: Talent transfers the heart tissue into a conical tube containing 20 mL of trypsin. Text: Trypsin: 0.5 mg/mL
2.4.2. CU: Close up of the conical tube as it is placed in the refrigerator with gentle agitation. Text: 4 °C; 4 h


3. Enzymatic Digestion and Cell Plating  
3.1. In this procedure, pre-warm the collagenase digestion solution in a water bath at 37 degrees Celsius [1]. Transfer the conical tube containing heart tissue and pre-digestion solution from 4 degrees Celsius to a cell culture hood [2]. Let the heart tissue sink to the bottom of the tube and remove the pre-digestion solution by using a 10 mL serological pipette [3]. 
3.1.1. MED: Talent places the collagenase digestion solution in a water bath
3.1.2. MED: Talent taking the conical tube containing heart tissue out of the refrigerator
3.1.3. CU: Close up of the conical tube to show that the heart tissue is at the bottom and the pre-digestion solution is being removed
3.2. Next, add 10 milliliters of HBSS into the tube [1]. Re-suspend the heart tissue with HBSS 2 to 3 times to wash out trypsin using a 10-milliliter serological pipette [2]. Aspirate HBSS and add 10 milliliters of pre-warmed collagenase digestion solution into the tube with heart tissue [3]. 
3.2.1. MED: Talent adds 10 milliliters of HBSS into the tube
3.2.2. CU: Close up of the heart tissue as it is resuspended 
3.2.3. MED: Talent aspirates HBSS and adds 10 mL of pre-warmed collagenase digestion solution into the tube with heart tissue
3.3. For the first digestion, incubate the tube with heart tissue in a water bath at 37 degrees Celsius for 10 minutes without agitation [1-TXT]. Afterward, transfer the tube to the cell culture hood [2]. Triturate the tissue by re-suspending it gently 10 times using a 10-milliliter serological pipette. This will allow the heart to disperse and the cells to be released from heart tissue [3]. 
3.3.1. MED: Talent places the tube with heart tissue in a water bath. Text: 37 °C; 10 min
3.3.2. MED: Talent transfers the tube to the cell culture hood
3.3.3. CU: Close up of the tube as tissue is resuspended 
3.4. Let the undigested tissue sink, transfer the digested solution enriched in cardiomyocytes to a new conical tube [1], and immediately add an equal amount of cell culture medium to stop the collagenase digestion [2]. Then, add 10 milliliters of collagenase digestion solution into the tube containing the remaining undigested heart tissue [3].
3.4.1. MED: Talent transfers the digested solution enriched in cardiomyocytes to a new conical tube
3.4.2. CU: Close up of the conical tube as cell culture medium is added
3.4.3. CU: Close up of the conical tube containing the remaining undigested heart tissue as collagenase digestion solution is added
3.5. For the second digestion, incubate the tube with heart tissue in a 37 degrees Celsius water bath for 10 minutes [1-TXT]. Repeat the procedures of the first digestion and transfer the digested solution enriched in cardiomyocytes to a new conical tube before stopping the collagenase digestion [2].
3.5.1. MED: Talent places the tube in the incubator. Text: 37 °C; 10 min
3.5.2. MED: Talent transfers the digested solution enriched in cardiomyocytes to a new conical tube
3.6. Next, place a sterile cell-strainer in a new sterile 50 milliliter conical tube [1]. Pre-wet the cell strainer with 2 to 3 milliliters of cell culture medium and pass the cells through the cell-strainer [2]. Subsequently, rinse the cell-strainer with cell culture medium [3]. 
3.6.1. MED: Talent places a sterile cell-strainer in a new sterile 50 mL conical tube
3.6.2. CU: Close up of the cell-strainer as it is pre-wetted and the cells are passed through it
3.6.3. CU: Close up of the cell-strainer as it is rinsed 
3.7. Then, centrifuge the conical tube containing cardiomyocytes for 5 minutes at 180 x g [1-TXT]. After 5 minutes, aspirate the supernatant and re-suspend the cell pellet in 10 milliliters of cell culture medium [2]. Plate the cells onto a 10-centimeter cell culture dish and incubate them for 1 hour [3]. 
3.7.1. MED: Talent places the tube containing cardiomyocytes in the centrifuge. Text: 180 x g; 5 min
3.7.2. MED: Talent aspirates the supernatant and re-suspends the cell pellet in cell culture medium
3.7.3. CU: Close up of the culture dish as the cells are plated. 
3.8. Afterward, gently agitate the plate [1]. Wash off the non-adherent cells and re-suspend the cells by repeatedly pipetting the cell culture medium over the dish using a 10-milliliter serological pipette [2]. Then, transfer the non-adherent cells into a new 10-centimeter cell culture dish and incubate them for another hour [3]. 
3.8.1. MED: Talent takes the plate out from the incubator and gently agitates it 
3.8.2. MED: Talent washes off the non-adherent cells and re-suspend cells by repeatedly pipetting the cell culture medium over the dish
3.8.3. MED: Talent places a 10-centimeter cell culture dish of cells in the incubator
3.9. After an hour, gently agitate the plate and wash off the non-adherent cells [1].  Transfer the cardiomyocytes into a new 50 milliliter conical tube [2].
3.9.1. CU: Close up of the plate as it is agitated and washed [Videographer note]: DNS; use 3.8.2
3.9.2. MED: Talent transfers the cardiomyocytes into a new 50 milliliter conical tube
3.10. Next, prepare a 96-well culture plate by aliquoting 50 microliters of coating solution in each well of the 96-well cell culture plate [1-TXT]. If bubbles are present, remove them using a 20-microliter pipette [2]. Incubate the plate at 37 degrees Celsius for at least 1 hour to allow drying of the matrix coating [3-TXT]. 
3.10.1. MED: Talent aliquots 50 microliter of coating solution in each well of the 96-well cell culture plate. Text: Coating solution: PBS containing 0.5% gelatin and 1% fibronectin solution. 
3.10.2. CU: Close up of the plate to show that bubbles are being removed 
3.10.3. Talent places the plate in the incubator. Text: 37 °C; 1 h <
3.11. Then, count the cells using a hemocytometer [1]. Plate the cells into the extracellular matrix coated 96-well cell culture plate at a density between 10 to 30 thousands of cells per well [2], and place the cells in the incubator [3].
3.11.1. MED: Talent loading the cells on a hemocytometer
3.11.2. MED: Talent plates the cells into the extracellular matrix coated 96-well cell culture plate. 
3.11.3. MED: Talent places the plate in the incubator.

4. Oxygen Consumption Assay Using a 96-Well-Format Extracellular Flux Analyzer
4.1. To perform the oxygen consumption assay, hydrate a flux analyzer sensor cartridge for at least 3 hours [1-TXT]. Add 200 microliters of Calibrant solution into the each well of the utility plate [2-TXT]. Place the sensor cartridge back onto the utility plate and incubate in a 37 degrees Celsius without CO2 or O2 supplementation for at least 3 hours [3-TXT]. 
4.1.1. MED: Talent adds 200 microliters of Calibrant solution into the each well of the utility plate. Text: See Table of Materials for details of Calibrant solution
4.1.2. MED: Talent places the sensor cartridge back onto the utility plate. Place the sensor cartridge in the incubator. [Videographer note]: DNS; use 4.1.1
4.1.3. CU: Close up of the sensor cartridge as it is placed back onto the utility plate. Text: 37 °C; 3 h
4.2. One hour prior to the assay, gently remove the cell culture medium and wash the cells with 200 microliters of pre-warmed mitochondrial stress test medium twice [1]. After the second wash, add 175 microliters of pre-warmed mitochondria stress test medium [2]. Then, culture the cells at 37 degrees Celsius without carbon dioxide or oxygen supplementation [3].
4.2.1. MED: Talent removes the cell culture medium and wash the cells with 200 microliters of pre-warmed mitochondrial stress test medium twice [Videographer Note]: can also use 4.2.2
4.2.2. CU: Close up of the plate as mitochondria stress test medium is added
4.2.3. MED: Talent places the plate in the incubator
4.3. Prepare 3 milliliters of each of the test compounds in mitochondrial stress test medium [1-TXT]. Load 25 microliters of each compound into the injector ports of the sensor cartridge using a multichannel pipette [2]. 
4.3.1. CU: Close up of all the prepared compounds with labels. Text: See the accompanying manuscript for details on compounds
4.3.2. CU: Close up of the injector ports as the compounds are loaded
4.4. Dr. Aleksander Andreyev: The conditions of the cells and the assay can affect the maximal respiration, when FCCP is injected. Therefore, it is critical to optimize the concentration of FCCP under different treatment [1].
4.4.1. INTERVIEW: Prof. Anne Murphy says the statement above in an interview-style shot, looking slightly off-camera.
4.5. Subsequently, set up extracellular flux assay protocol and start the program [1]. First, put the sensor cartridge into the machine for calibration [2]. Replace the calibrant for the assay plate once the calibration step is done [3].
4.5.1. MED: Talent starts the program
4.5.2. MED: Talent puts the sensor cartridge into the machine
4.5.3. MED: Talent replaces the calibrant for the assay plate
4.6. If desired, after the assay, carefully discard all assay medium using a multi-channel pipette [1] and store the cell culture microplate at -20 degrees Celsius for future cell normalization using protein assay [2].	
4.6.1. MED: Talent discards all assay medium by using a multi-channel pipette
4.6.2. MED: Talent places the cell culture microplate in the freezer



Section – Results
5. Results: Mitochondrial Stress Assay 
5.1. By using the protocol described, hearts were isolated from day 0 neonatal pups and cardiomyocytes were seeded at densities of 10, 20, or 30 thousands of cells per well in 96 well plates [1]. After overnight culture, cardiomyocytes were found well-attached to the coated plastic surface and there were very few unattached cells [2].
5.1.1. LAB MEDIA: Figure 2A (upper panel) Video Editor: Show Day 1 images from left to right (10K first, then add 20K one, then add 30K one)
5.1.2. LAB MEDIA: Figure 2A (lower panel) Video Editor: add Day 2 images from left to right
5.2. [bookmark: _GoBack]At this point, spontaneously contracting cardiomyocytes were easily visible. A seeding density of 30 thousands of cells per well showed confluence one day after seeding as the cells spread [1]. 
5.2.1. LAB MEDIA: Figure 2B Video Editor: Please show image
5.3. Cardiomyocytes were immunostained with an antibody against sarcomeric alpha-actinin, a cardiomyocyte specific marker. As shown here, most of the cells showed positive staining of alpha-actinin, indicating the high purity of the cardiomyocyte isolation [1].
5.3.1. LAB MEDIA: Figure 2C Video Editor: Please show image
5.4. A scheme of one typical mitochondrial stress test is shown here. The mitochondrial stress test starts with a baseline measurement of the oxygen consumption rate [1]. This is followed by the injection of oligomycin, which inhibits ATPase [2]. 
5.4.1. LAB MEDIA: Figure 3 Video Editor: Please show graph and emphasize “Basal respiration” section
5.4.2. LAB MEDIA: Figure 3 Video Editor: Please add text “Oligo” and the downward arrow and emphasize the blue and pink sections
5.5. Then, the uncoupling agent FCCP was injected to measure maximum oxygen consumption rate [1]. Finally, with the injection of two electron transport complex inhibitors, mitochondrial respiration completely stops, and OCR decreases to its lowest level [2]. 
5.5.1. LAB MEDIA: Figure 3 Video Editor: Please add text “FCCP” and the downward arrow and emphasize the green section
5.5.2. LAB MEDIA: Figure 3 Video Editor: Please add text “RAA” and the downward arrow, and then add text “Spare Respiratory Capacity”

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

6.1. Oliver Zhang: To obtain consistent and reproducible results, it is critical to achieve high cell viability. Therefore, it is important to use new born neonates and gently handle heart tissues and cardiomyocytes [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Dr. Yoshitake Cho: By using new or existing genetically-manipulated mouse lines, this method can be easily translated to data that may lead to understanding new mechanisms for bioenergetic regulation in the heart [1]. 
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Dr. Yoshitake Cho: Mitochondria play key roles in heart function. We expect this method to help identifying novel regulators and pathways regulating oxidative metabolism and finding new therapeutic targets for treating heart failure [1]. 
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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