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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps: 24
Number of Shots: 58

Interviews 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Ethics Title Card
This research has been approved by the Research Ethics and Deontology Committee of the Aristotle University of Thessaloniki 

Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Stem Cell Counting and Organoid Seeding
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, retrieve the human pluripotent stem cells, or hPSCs, resuspended after detachment in DMEM/F12 containing 2 micromolar ROCK inhibitor [1]. Count the cells using a hemocytometer [2].
2.1.1. WIDE: Talent retrieving the resuspended hPSCs and placing the cell-counting materials in the biosafety cabinet
2.1.2. CU: Talent loading the cell suspension onto a hemocytometer and counting the cells
2.2. Prepare a solution containing 30–60 × 10³ cells per milliliter in 1 milliliter of xeno-free maintenance medium with 2 micromolar Rho-associated protein kinase inhibitor [1]. In 1 well of a basement membrane matrix-coated 12-well plate, aspirate the basement membrane matrix solution [2]. Seed 1 milliliter of this suspension per well, corresponding to 3 × 10⁴–6 × 10⁴ cells per well of a 12-well plate [3].
2.2.1. Talent preparing 1 milliliter of cell suspension containing 30–60 × 10³ cells per milliliter in xeno-free maintenance medium with 2 micromolar Rho-associated protein kinase inhibitor.
2.2.2. Talent aspirating the basement membrane matrix solution from 1 well.
2.2.3. Talent transferring 1 milliliter of the suspension per well of a 12-well plate.

2.3. Gently shake the plate to distribute the cell suspension evenly across the well [1]. Place the plate in the incubator at 37 degrees Celsius and 5 percent carbon dioxide for future experiments [2].
2.3.1. Talent gently shaking the plate to distribute the cell suspension evenly across the well.
2.3.2. Talent placing the plate at 37°C.

2.4. Prepare a solution containing 30-60 × 10³ cells per milliliter in differentiation medium I (One) and add ice-cold three-dimensional suspension supplement at a 1:1000 dilution [1]. From this solution, seed 100 microliters per well in a non-treated, U-bottom 96-well plate, corresponding to 3-6 × 10³ cells per well [2].	Comment by Vipasha Sharma: Are these prepared from the cells of step 2.3?
2.4.1. Talent preparing the cell solution in differentiation medium I and adding ice-cold three-dimensional suspension supplement at a 1:1000 dilution.
2.4.2. Talent transferring 100 microliters of the cell solution per well in a non-treated, U-bottom 96-well plate.

2.5. Centrifuge the plate at 90 g for 3 minutes to form a centered cell pellet [1]. Place the plate in the incubator at 37 degrees Celsius and 5 percent carbon dioxide for 48 hours [2].
2.5.1. Talent placing the plate in the centrifuge.
2.5.2. Talent placing the plate at 37°C.

3. Organoid Differentiation
Demonstrator: Click here to enter name of demonstrator(s)
3.1. On day 2, confirm that a single spheroid has formed in each well 48 hours after seeding [1]. Using a 100-microliter pipette, carefully remove all the medium from each well without disturbing the spheroid [2]. Wash each well with 100 microliters of DPBS to remove residual differentiation medium I [3]. 
3.1.1. CU: Shot of a single spheroid formed in each well.
3.1.2. Talent carefully removing the medium from each well with a 100-microliter pipette without disturbing the spheroid.
3.1.3. Talent washing each well with 100 microliters of Dulbecco’s phosphate-buffered saline.
3.2. Prepare differentiation medium II (Two) by mixing the supplement and diluent at a 1:1 ratio; for a full 96-well plate, mix 4.8 milliliters of each component to obtain 9.6 milliliters [1]. Remove the DPBS from the wells and add 100 microliters of the prepared differentiation medium II to each well [2]. Return the plate to the incubator [3].
3.2.1. Talent mixing 4.8 milliliters of differentiation medium II supplement with 4.8 milliliters of differentiation medium II diluent.
3.2.2. Talent removing Dulbecco’s phosphate-buffered saline and adding 100 microliters of differentiation medium II to each well.
3.2.3. Talent placing the plate in the incubator.

3.3. On day 3, remove 50 microliters of medium from each well and add 50 microliters of fresh differentiation medium II supplement without prior dilution [1]. Return the plate to the incubator [2].
3.3.1. Talent removing 50 microliters of medium from each well and adding 50 microliters of fresh differentiation medium II supplement.
3.3.2. Talent placing the plate in the incubator.

3.4. On day 4, 96 hours after seeding, confirm that the organoids have begun to polarize [1]. Remove the spent medium and wash each well with 100 microliters of DPBS [2]. Remove the DPBS and add 100 microliters of differentiation medium III (three) to each well [3]. Return the plate to the incubator [4].
3.4.1. Shot of the organoids beginning to polarize.
3.4.2. Talent removing the spent medium and washing each well with 100 microliters of DPBS.
3.4.3. Talent removing DPBS and adding 100 microliters of differentiation medium III to each well.
3.4.4. Talent placing the plate in the incubator.

3.5. On day 7, remove 80 % of the spent medium from each well and replenish it with 80 microliters of fresh differentiation medium III [1]. On day 9, remove all the spent medium and add 100 microliters of basal maintenance medium to each well [2]. Thereafter, change the medium every 2–3 days to maintain organoid health [3].
3.5.1. Talent removing 80 percent of the spent medium and adding 80 microliters of fresh differentiation medium III to each well.
3.5.2. Talent removing the spent medium and adding 100 microliters of basal maintenance medium to each well.
3.5.3. Talent changing the medium to maintain organoid health.

3.6. Transfer the organoids to a fresh 96-well plate, wash with DPBS [1], and fix them with 100 microlitres of 4% paraformaldehyde [2]. Incubate the organoids for 1 hour at 4 degrees Celsius on a shaker [3]. Wash the organoids 3 times with 0.5% Tris-buffered saline with Tween 20 [4], then block them overnight on a shaker at 4 degrees Celsius in 100 microliters of 1% bovine serum albumin blocking solution [5].
3.6.1. Talent transferring the organoids to a fresh 96-well plate, and washing them with DPBS, 
3.6.2. Talent adding 100 microlitres of 4% paraformaldehyde
3.6.3. Talent placing the organoids on a shaker at 4 °C 
3.6.4. Talent washing the organoids 3 times with 0.5 percent Tris-buffered saline with Tween 20 
3.6.5. Talent placing the plate on a shaker at 4 degrees Celsius for overnight blocking.

3.7. Add 50–60 microliters of SOX10 (Sox-ten) primary antibody to the organoids [1]. Place the plate at 4 degrees Celsius for overnight incubation [2]. Wash the organoids three times, then incubate with the secondary antibody for 1 hour at room temperature [3]. After three additional washes, stain with 100 microliters of 2 micrograms per milliliter DAPI (Da-pee) [4] and incubate for 10 minutes at 4 °C [5]. 
3.7.1. Talent adding 50–60 microliters of SOX10 primary antibody to the organoids.
3.7.2.  Talent placing the plate at 4 °C for overnight incubation.
3.7.3. Talent washing the organoids three times, adding the secondary antibody and keeping the plate aside
3.7.4. Talent washing the organoids three times and adding 100 microliters of DAPI solution
3.7.5. Talent placing the plate at 4 °C for 10 minutes

3.8. Next, add 55% sucrose diluted 1:1 with D-PBS and incubate for 30 minutes at room temperature [1]. Replace the diluted sucrose with undiluted 55% sucrose [2], then place the plate at 4 degrees Celsius for overnight incubation [3]. 
3.8.1. Talent adding 1:1 D-PBS-diluted 55% sucrose to the organoids and keeping the plate aside.
3.8.2. Talent replacing the diluted sucrose with undiluted 55% sucrose.
3.8.3. Talent placing the plate at 4 °C for overnight incubation.

3.9. Prepare microscope slides by placing a small plasticine sphere at each corner [1]. Transfer the stained organoids onto the slides, add approximately 60 microliters of mounting medium and place the coverslip [2]. Acquire images of the organoids using a fluorescence microscope [3]. 
3.9.1. Talent placing a small plasticine sphere at each corner of the microscope slide.
3.9.2. Talent transferring the stained organoids onto the slide, adding approximately 60 microliters of mounting medium, placing the coverslip.
3.9.3. SCREEN: Images being acquired
4. Real-Time Oxygen Consumption Rate Monitoring 
Demonstrator: Click here to enter name of demonstrator(s)

4.1. For real-time oxygen consumption rate, incubate the sensing lid on a DPBS filled 96-well plate at 37 degrees Celsius and 5% carbon dioxide for at least 1 hour [1]. Set up the experiment on the oxygen consumption rate monitoring software platform [2].
4.1.1. Talent placing the sensing lid on a DPBS in the cell culture incubator.
4.1.2. SCREEN: Experiment being set up on the oxygen consumption rate monitoring software platform.

4.2. To enable oxygen consumption rate measurements throughout organoid development, repeat the differentiation protocol as described previously [1] and plate the cells in columns 3, 4, 9, and 10 of a 96-well plate on day 0 [2]. Fill any empty wells with DPBS  to slow the rate of evaporation [3].
4.2.1. Reuse 2.4.2 and 2.5.2
4.2.2. Talent plating the cells in columns 3, 4, 9, and 10 of a 96-well plate.
4.2.3. Talent filling the empty wells with DPBS

4.3. Carefully position the 32-sensor sensing lid over the 96-well plate and place it in the cell culture incubator at 37 degrees Celsius and 5 percent carbon dioxide [1].
4.3.1. Talent positioning the 32-sensor sensing lid over the 96-well plate and placing it in the cell culture incubator.

4.4. Place the oxygen consumption reader on top of the magnetic sensing lid [1] and start the experiment on the oxygen consumption rate monitoring software platform [2]. Track oxygen measurements immediately and allow approximately 2 hours for oxygen consumption rate measurements to begin recording while the system establishes a stable oxygen gradient and computes the oxygen consumption rate; without separate user calibration of the sensors [3].
4.4.1. Talent placing the oxygen consumption reader on top of the magnetic sensing lid.
4.4.2. SCREEN: Experiment being started on the oxygen consumption rate monitoring software platform 
4.4.3. SCREEN: Oxygen measurements being tracked immediately, followed by OCR recording after the stabilization interval.

4.5. During subsequent medium changes, keep the sensing lid in the incubator on a DPBS-filled 96-well plate [1]. Track oxygen consumption rate changes throughout differentiation in real time on the oxygen consumption rate monitoring software platform [2].
4.5.1. Talent placing the sensing lid on a D-PBS-filled 96-well plate in the incubator during a medium change
4.5.2. SCREEN: Oxygen consumption rate changes being tracked throughout differentiation in real time on the monitoring software platform.

4.6. Replace the spent medium with fresh basal maintenance medium and continue recording oxygen consumption rate overnight to establish a stable baseline [1]. For the mitochondrial stress test, prepare 4X  (Four-X) working solutions of oligomycin, BAM15  and rotenone or antimycin A by adding 4 microlitres of of each corresponding stock  to 996 microlitres of the basal maintenance medium [2].	Comment by Vipasha Sharma: How is it pronounced?
4.6.1. Talent replacing the spent medium with fresh basal maintenance medium and returning the plate to the OCR monitoring system.
4.6.2.  Talent preparing the mitochondrial modulator working solutions

4.7. Replace 25 microliters of medium in the designated wells with 25 microliters of the appropriate working solution to achieve final concentrations of 2 micromolar oligomycin, 2.5 micromolar BAM15, or 2 micromolar rotenone or antimycin A [1].  Monitor the oxygen consumption rate response for 6 hours [2].
4.7.1. Talent adding the appropriate mitochondrial modulator to the organoid wells
4.7.2. SCREEN: Real-time OCR being monitored following addition of the mitochondrial modulators
4.8. Following the mitochondrial stress test, normalize the recorded oxygen consumption rate values to the baseline and organoid size.
4.8.1. SCREEN: Recorded oxygen consumption rate values being normalized to the baseline and organoid size.


Author: Steps 3.6-3.9 and 4.6-4.8 have been added for continuity and to bridge the narration of the protocol with the result section.





















Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 95
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. During differentiation, the organoids progressively developed a polarized morphology, with GFP-positive regions becoming clearly visible by day 7 and persisting through later time points [1]. SOX10 immunocytochemical staining showed co-localization of SOX10 with GFP-positive cells, confirming that the reporter identifies neural crest cell populations within the organoid [2].
5.1.1. LAB MEDIA: Figure 1B. Video editor: Show the time-course images in panel B and highlight the green color in Day 7.
5.1.2. LAB MEDIA: Figure 1C. Video editor: Please highlight the yellow/orange regions in the Overlay panel, where the green GFP and red SOX10 signals overlap.

5.2. Real-time oxygen consumption rate monitoring captured the respiratory response of FRDA and isogenic control organoids following treatment with the mitochondrial modulators [1]. Compared with the isogenic control, Friedreich's ataxia organoids showed reduced basal respiration, maximal respiration, and spare respiratory capacity, indicating impaired mitochondrial function [2].
5.2.1. LAB MEDIA: Figure 4A Video Editor: Please highlight the time-resolved OCR traces, followed by the arrowhead and dashed line indicating addition of the mitochondrial modulators.
5.2.2. LAB MEDIA: Figure 4C Video Editor: Please sequentially highlight basal respiration, maximal respiration, and spare respiratory capacity, comparing the FRDA and isogenic organoids.
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