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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
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No



Current Protocol Length
Number of Steps:  16
Number of Shots:  36

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.
Answers are slightly edited in accordance with journal guidelines.


INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Konstantinos Lekkos: The Seahorse assay allows for the high-throughput assessment of metabolism in intact zebrafish ventricles ex vivo.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.2. Konstantinos Lekkos: This method can be used to validate genetic perturbations of metabolic genes and characterize changes in metabolism during regeneration.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Konstantinos Lekkos: Using this protocol, oxygen consumption and extracellular acidification rates of zebrafish hearts can be measured ex vivo.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the most important consideration or challenge when performing this protocol.
1.4. Konstantinos Lekkos: ECAR data reflects not only glycolysis-derived lactate but also carbon dioxide from respiration, both influencing the acidification rate.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Videographer: Obtain headshots for all authors available at the filming location.
Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Setting up the Extracellular Flux Analyzer and Mito Stress Test
Demonstrator: Konstantinos Lekkos 

2.1 Turn on the system and prepare all drug solutions and media prior to beginning the experiment [1]. On the Group definitions page in Wave software, under the Injection strategies tab, assign oligomycin to port A [2], carbonyl cyanide 4 trifluoromethoxy phenylhydrazone or FCCP (F-C-C-P) to port B [3], and the rotenone and antimycin mix to port C from the compound catalogue [4]. 
2.1.1 WIDE: Talent sitting next to the seahorse analyzer and prepared solutions.
2.1.2 SCREEN: The Injection Strategies tab is being clicked and oligomycin is being selected from the compound catalogue for port A. 
Authors: Please create screen capture videos of the shots labeled as SCREEN,
create a screenshot summary, and upload the files to your project page as
soon as possible: https://review.jove.com/files_upload.php?src=21490043
Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up.
2.1.3 SCREEN: Cursor selecting carbonyl cyanide 4 trifluoromethoxy phenylhydrazone from the compound catalogue for port B.
2.1.4 SCREEN: Cursor selecting rotenone and antimycin from the compound catalogue for port C. 

2.2 Delete any pre-existing injection strategies, once the experimental strategy is defined [1]. Then, on the Groups panel, define the experimental groups and assign the corresponding injection strategy [2].
2.2.1 SCREEN:  Under Injection strategies, other pre-defined strategies are being deleted. 
2.2.2 SCREEN: Under Groups panel, the experimental groups are being specified, and the corresponding injection strategy is assigned.

2.3 On the Plate Map page, select the positions of the samples on the 24 well plate by clicking on each group and its corresponding wells, leaving four wells as blanks [1]. 
2.3.1 SCREEN: On the Plate map page, each group and its corresponding wells are selected to define sample positions on the 24-well plate.

2.4 On the Protocol page, remove unnecessary Control or Experimental tabs [1] and match the software port assignments to the drug positions on the cartridge [2].
2.4.1 SCREEN: Removing the Control or Experimental tab.
2.4.2 Talent checking the software ports and the drug positions on the cartridge.

2.5 Set 10 cycles to baseline, 3 cycles to oligomycin, 7 cycles to FCCP, and 9 cycles to the rotenone and antimycin A mix [1]. Ensure that each cycle consists of 3 minutes of mixing, 2 minutes of waiting, and 3 minutes of measuring [2].
2.5.1 SCREEN: Cursor adjusting the number of cycles for each condition.
2.5.2 SCREEN: Show the cycle timing parameters.
	
3 Loading of Sensor Cartridge
3.1 Remove the cartridge and utility plate from the humidified incubator that was set up the night before [1].
3.1.1 Talent removing the incubated cartridge and utility plate from the humidified incubator.

3.2 Next, remove the hydro booster and lid from the cartridge [1], and place the sensor cartridge onto the utility plate containing calibrant [2].
3.2.1 CU: Removing the hydro booster and lid from the cartridge. 
3.2.2 CU: Placing the sensor cartridge onto the utility plate with calibrant.

3.3 Gently pipette the inhibitors into their respective ports along the side wall and avoid tapping [1-TXT].
3.3.1 CU: Pipetting inhibitors into the ports along the side wall. TXT: Port A: 50 μL oligomycin; Port B: 55 μL of FCCP; Port C: 60 μL rotenone/antimycin A

3.4 On the software, name the run, save it, and click Start run, [1]. Once the tray of the analyzer opens [2], place the cartridge loaded with drugs and utility plate containing calibrant according to the plate map on the tray [3]. 
3.4.1 SCREEN: Shot of naming the run, saving it and clicking start run.
3.4.2 Shot of analyzer tray opening. 
3.4.3 Talent placing the cartridge and utility plate into the analyzer tray.

3.5 Press Run assay to start the assay [1].
3.5.1 Shot of analyzer taking in the loaded tray.

4 Loading of samples and Data Collection
4.1 After covering the islet capture microplate containing isolated hearts with grid, confirm all wells are successfully calibrated with the green tick on the software [1]. Then, click Open tray [2] to eject the utility plate [3].
4.1.1 SCREEN: Display of green ticks on the software.
4.1.2 SCREEN: Cursor clicking Open tray to eject the utility plate.
4.1.3 Shot of utility plate ejecting.

4.2 Without lid, place the islet microplate into the analyzer, with A1 positioned in the top-left corner [1] and click Load cell plate to initiate the experiment [2].
4.2.1 Talent placing the islet microplate into the analyzer.
4.2.2 SCREEN: Cursor clicking the Load cell plate to initiate the experiment. 

4.3 Once the experiment is complete, click Eject cartridge to eject the islet microplate and cartridge [1].  Remove the ejected islet plate and cartridge from analyzer [2] and close the cartridge with lid [3]. Store the islet plate on dry ice [4]. Then click Done to close the tray [5]. 
4.3.1 SCREEN: Cursor clicking the Eject cartridge.
4.3.2 Talent removing the islet plate and cartridge from analyzer.
4.3.3 Talent closing the cartridge with lid.
4.3.4 Talent storing the hearts in dry ice.
4.3.5 SCREEN: Cursor clicking the Done to close the tray.

4.4 Finally, click View results to visualize the data [1]. Save and export the measurements from the analyzer computer [2].
4.4.1 SCREEN: Cursor clicking View results to visualize the data.
4.4.2 SCREEN:  Cursor clicking Save, then export.

4.5 Upload the data on the analytics interface [1] and select the oxygen consumption rate or OCR (O-C-R) graph from Standard views [2]. View the OCR and extracellular acidification rate or ECAR (E-C-A-R) level and correct the background using empty wells [3]. Select wells from the Plate map to display or hide data [4].
4.5.1 SCREEN: On the analytics interface, the data is being uploaded.
4.5.2 SCREEN: OCR graph is being selected from the Standard views.
4.5.3 SCREEN: OCR and ECAR level appearing in screen and the background is corrected using empty well.
4.5.4 SCREEN: Cursor clicking wells on the Plate map to show or hide data.

4.6 After quantifying the protein levels, normalize the OCR and ECAR measurements to ensure reliable comparison across samples [1].
4.6.1 SCREEN: OCR and ECAR measurements are being normalized.















	















Results
5 Results 

5.1 Wild-type uninjured ventricles without drug treatment [1], demonstrated stable oxygen consumption rate [2] and extracellular acidification rate [3], indicating ventricle’s normal respiratory function and survival in the ex vivo setting [4]. 
5.1.1 LAB MEDIA: Figure 3A.  
5.1.2 LAB MEDIA: Figure 3A Video editor: Emphasize red bars in the graph on the left for OCR.  
5.1.3 LAB MEDIA: Figure 3A Video editor: Emphasize red bars in the graph on the right for ECAR.  
5.1.4 LAB MEDIA: Figure 3A 

5.2 A mild increase in oxygen consumption rate was observed with 10 micromolar oligomycin, 8 micromolar FCCP, and 25 micromolar rotenone and antimycin [1]. A slightly greater increase was observed with 50 micromolar oligomycin, 30 micromolar FCCP, and 45 micromolar rotenone and antimycin [2].
5.2.1 LAB MEDIA: Figure 3B. Video editor: Please emphasize the bar for [O]10μM, [F]8μM, [RA]25μM
5.2.2 LAB MEDIA: Figure 3B. Video editor: Please emphasize the bar for [O]50μM, [F]30μM, [RA]45μM
5.3 After permeabilization, the oxygen consumption rate showed a sustained reduction [1] and did not increase after FCCP injection, indicating metabolic failure of the permeabilized ventricles [2].
5.3.1 LAB MEDIA: Figure 3C. Video editor: Please emphasize the red bar in the right graph. 
5.3.2 LAB MEDIA: Figure 3C. Video editor: Please emphasize the red line in the left graph. 
5.4 The oligomycin treatment does not significantly alter oxygen consumption rate [1]. FCCP increased the oxygen consumption rate and extracellular acidification rate [2] with the cytosolic malate dehydrogenase 1Ab overexpressing ventricles showing the highest maximal respiratory capacity compared to control ventricles [3].
5.4.1 LAB MEDIA: Figure 3D. Video editor: In left graph, please highlight the area between oligomycin and FCCP.
5.4.2 LAB MEDIA: Figure 3D. Video editor: In both graphs, please highlight the area between FCCP and rotenone/antimycin.
5.4.3 LAB MEDIA: Figure 3D. Video editor: In both graphs, please highlight the red line between FCCP and rotenone/antimycin. 
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