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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  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
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.
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://www.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?   Yes
If Yes, how far apart are the locations?  Same building but different floors/rooms.

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: 20
Number of Shots: 38

Interviews 
1. Video 1: Author Interviews

Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Nathan Alder: Our research program focuses on structural and functional aspects of mitochondria, particularly as they relate to aging-related dysfunction. We use a broad array of structural, biophysical, and biochemical techniques to explore the mechanisms of mitochondrial aging and to develop therapeutic interventions to preserve and restore mitochondrial health.  

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Ashley Reed: Mitochondrial function and structure are inextricably related. Standard light microscopy techniques are suitable for measuring large-scale mitochondrial features like basic morphology and network structures. Analyzing mitochondrial ultrastructure, or features that require higher resolution than afforded by traditional optical microscopy, is typically done using electron microscopy or tomography on fixed samples.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What significant findings have you established in your field?
1.5. Enter 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 50 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter 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 50 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Chris O’Connell: Super-resolution microscopy is a fluorescence-based imaging technique that allows one to measure features beyond the diffraction limit. For mitochondria, this includes measurements of nanoscale protein distribution and cristae architecture. The STED imaging protocol described here allows researchers to measure the detailed structure of the inner membrane in living cells.
How will your findings advance research in your field?
1.8. Emery Ng: Live cell STED imaging allows us to observe and quantitatively analyze complex features of cristae under physiologically relevant conditions, without the need for sample fixation. This will give researchers novel insights into the dynamic changes that occur in ultrastructural features as well as their temporal responses to stressors and pharmacological compounds.
What new scientific questions have your results paved the way for?
1.9. Enter 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 50 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter 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 50 or fewer words.

Videographer: Obtain headshots for all authors.


Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (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 from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Propagation, Differentiation, and Preparation of SH-SY5Y Cells for Live Cell Imaging
Demonstrator: Ashley Reed
Protocol
2.1. To begin, rapidly thaw the frozen stocks of SH-SY5Y cells maintained in DMEM (D-M-E-M) supplemented with 10% FBS (F-B-S) [1], dilute ten-fold in pre-warmed media and centrifuge and aspirate supernatant [2]. Then resuspend cells in prewarmed media and seed in a T-25 flask [3-TXT]. Authors: How should JoVE voiceover talent pronounce SH-SY5Y? Please confirm. Voiceover can pronounce each individual letter/number: S-H-S-Y-5-Y.
2.1.1. WIDE: Establishing shot of talent removing vials from the freezer and thawing. 
2.1.2. Talent centrifuging cells
2.1.3. Talent seeding the cells in DMEM containing flask. TXT: Alternatively, use a working flask with cells at 80-90% confluency under passage 15.

2.2. Next, prepare coverslips coated with PDL (P-D-L). In a cell culture cabinet, apply 1.2 milliliters of 50 micrograms per milliliter PDL solution to each well of sterile chambered coverslips [1-TXT] and incubate at room temperature for 1 hour [2]. Remove the PDL solution [3] and rinse the coverslip thrice with 3.6 milliliters of distilled water, then allowing the coated chamber to air dry for 2 hours [4-TXT].
2.2.1. Talent adding PDL solution into the wells of a chambered coverslip. TXT: PDL: Poly-D-lysine
2.2.2. Shot of coverslips left for incubation on a working platform.
2.2.3. Talent removing PDL solution from the coverslip.
2.2.4. Talent rinsing the coverslips with distilled water. TXT: Coated chamber can be stored in an air-tight container at 4 °C for up to 2 weeks.

2.3. Next, once the SH-SY5Y cells in the T-25 flask have reached 80-90% confluency, they are passaged. Cells are trypsinized then neutralized with media [1], then cells are centrifuged, resuspended, and counted using a cell counter [2]. The cells are then seeded onto the PDL-coated chambered coverglass using a seeding density of 1.5 x 104 cells per square centimeter [3]. Cells that will remain undifferentiated should be seeded with DMEM supplemented with 10% FBS and those that will be differentiated should be seeded with DMEM supplemented with 5% FBS. This marks Day 0 of cell differentiation.
2.3.1. Talent adding trypsin solution to culture in T-25 flask to dissociate, then neutralize with media. 
2.3.2. Talent centrifuging, resuspending, and counting cells.
2.3.3. Talent seeding cells onto chambered coverglass.

2.4. At Day 1 and Day 3 of cell differentiation, replace the medium with fresh DMEM supplemented with either 5% or 2% FBS concentrations, respectively, 1% antibiotic-antimycotic, and either 10 micromolar RA or 95% ethanol of the same additive volume to serve as the vehicle control for differentiation [1-TXT]. At Day 6 of cell differentiation, the RA-differentiated SH-SY5Y cells are ready for imaging.  
2.4.1. Talent adding RA to DMEM medium in cell culture cabinet, then replacing the media in the imaging chamber. TXT: RA: retinoic acid. 

Preparation of Cells for Live-Cell Imaging
2.5. Prepare a PKMO (P-K-M-O) stock in prewarmed, phenol red-free DMEM supplemented with 2% or 10% FBS dependent on differentiation state, 1% antibiotic-antimycotic, and 20 millimolar HEPES (hep-Es). This formulation without PKMO is the live cell imaging media. [1]. Authors: Please confirm that the pronunciation guide (red italics font) for PKMO is correct. Yes, this is correct.
2.5.1. Talent adding PKMO solution to differentiated cells. TXT: PKMO: PKmito Orange

2.6. At Day 6, rinse the cells twice with imaging media [1], and incubate cells with the PKMO solution at 37 degrees Celsius and 5% carbon dioxide for 30 minutes [2].
2.6.1. Talent rinses cells with prewarmed media.
2.6.2. Shot of cells incubating in PKMO solution.

2.7. After staining, wash the cells thrice with prewarmed imaging media [1]. For the final wash, incubate the cells for 30 minutes at 37 degrees Celsius and 5% carbon dioxide [2]. Finally, remove final wash and add fresh, prewarmed, imaging media containing 20 millimolar HEPES onto the cells [3].
2.7.1. Talent adding imaging media onto the cells.
2.7.2. Talent placing the chamber in incubator for final wash.
2.7.3. Talent adding imaging media onto the cells.

3. Video 3: Imaging Live Cells by STED Microscopy, Processing and Analytical Tools for Mitochondrial Ultrastructure
Demonstrator: Emery Ng

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=19996153

Protocol
3.1. Open the Lightbox software for image acquisition [1]. To select the laser and filter sets, use parameters for an orange dye, either selecting the dye used in the staining from the Dye List or choosing the one with closest spectral properties [2].
3.1.1. WIDE: Talent clicking on the software icon with the monitor/screen visible in the frame.
3.1.2. SCREEN: To be uploaded by Authors:  Parameters for orange dye are selected.

3.2. Using an overview, go live to focus on the cells. Once the cells are in focus, adjust the confocal acquisition settings [1]. Next, select the rectangular ROI (R-O-I) button and create a region of interest around a mitochondrion of interest by clicking and dragging to shape the region [2-TXT]. Next to the General menu, select the Gating menu or click and hold to add the menu to the view [3]. Adjust the STED detector gating to 1 – 1.05 ns to 7.8 – 7.85 ns.
3.2.1. SCREEN: To be uploaded by Authors: Overview and confocal settings.
3.2.2. SCREEN: To be uploaded by Authors: Rectangular ROI button is selected, and ROI is created around the mitochondrion of interest. TXT: ROI: region of interest
3.2.3. SCREEN: To be uploaded by Authors:  Gating menu is selected or added to the view.

3.3. For STED (sted) acquisition, set the excitation laser to 15 to 20% and the STED (sted) depletion laser to 20 to 25% with 10 line accumulations. Use a pixel dwell time of 4 microseconds and a pixel size of 20 to 25 nanometers [1-TXT]. Authors: Please confirm that the pronunciation guide (red italics font) for STED is correct. Yes, this pronunciation is correct.
3.3.1. [bookmark: _Hlk135216468]SCREEN: To be uploaded by Authors: STED excitation and depletion laser being set with 10 line accumulations. Then, a pixel dwell time of 4 microseconds and a pixel size of 20-25 nm are selected. TXT: STED: Stimulated emission depletion

3.4. From here, take a timelapse by selecting the Time drop-down menu, then setting the number of iterations to 5 and a time interval of 25 or 30 seconds [1]. A z-stack can be taken using the volume option and adjusting the desired z (zee)-volume range and step size [2-TXT].
3.4.1. SCREEN: To be uploaded by Authors: Time drop-down menu is selected then the number of iterations and time interval are set.
3.4.2. SCREEN: To be uploaded by Authors: volume option is enabled, and z-volume range is set. TXT: You can also adjust step size. This step size remained at 200 nm.

Processing and Analytical Tools for Mitochondrial Ultrastructure
3.5. Open STED image deconvolution software to deconvolute raw STED images with the software algorithm [1]. Ensure that the microscopic parameters are correct. Then, select the Express button and set the deconvolution type to Fast, Standard, Aggressive, or Conservative for varying degrees of deconvolution power. Execute the deconvolution [2]. Save the images in ICS2 (I-C-S-two) format [3]. Authors: Please confirm that the pronunciation guide (red italics font) for ICS2 is correct. Yes, this pronunciation is correct.
3.5.1. WIDE: Talent clicking on the software icon with the monitor/screen visible in the frame.
3.5.2. SCREEN: To be uploaded by Authors: Express button is selected, and deconvolution type is set, then run it.
3.5.3. SCREEN: To be uploaded by Authors: Images being saved in ICS2 format.

3.6. Next, in ImageJ (Image-J), click on File  Open (file-open) to open the .ics2 (dot-I-C-S-two) files from the deconvolution software [1-TXT]. Authors: Please confirm that the pronunciation guides (red italics fonts) for FileOpen, .obj, and .ics2 are correct. Yes, these pronunciations are correct; we’re only using the .ics2 for segmentation here.
3.6.1. SCREEN: To be uploaded by Authors: FileOpen being clicked and .obf raw STED images or .ics2 files being opened in the ImageJ toolbar. TXT: Alternatively, click and drag the files to the ImageJ toolbar

3.7. Select Plugins  Segmentation  Trainable Weka Segmentation (pronounced ‘Plugins-Segmentation-Trainable Weka Segmentation) to open the deconvolved STED images in the Trainable Weka Segmentation plugin [1]. In the segmentation settings, select the Gaussian blur, membrane projections, and Sobel filter features [2].
3.7.1. SCREEN: To be uploaded by Authors: Plugins  Segmentation  Trainable Weka Segmentation being selected to open the deconvolved STED images.
3.7.2. SCREEN: To be uploaded by Authors: From the segmentation settings, Gaussian blur, membrane projections, and Sobel filter features are selected.

3.8. Label one class as “Cristae” and the other as “Background.” [1].
3.8.1. [bookmark: _Hlk135216534]SCREEN: To be uploaded by Authors: Class is labeled as Cristae” and “Background.” 

3.9. Next, draw a line over the structure to assign to either class, then select the Add to button on the right-hand side for either cristae or background [1]. Then, select the Train classifier button on the left-hand side to generate a map based on the information provided to the plugin [2]. The classifier settings can be saved and reused for future segmentation [3].
3.9.1. [bookmark: _Hlk135216551]SCREEN: To be uploaded by Authors: Line is drawn over the structure to assign the class. Then Add to button is selected for either class.
3.9.2. SCREEN: To be uploaded by Authors: Map being generated by selecting the Train classifier button. 
3.9.3. SCREEN: To be uploaded by Authors: Classifier is saved using Save classifier button.

3.10. Use the cristae probability map to threshold the image in ImageJ to generate a binary mask and then go to Analyze  Analyze Particles [1-TXT]. Authors: How should JoVE voiceover talent pronounce Analyze  Analyze Particles? The text saved incorrectly and these are cascading menus; people first click “Analyze” then “Analyze Particles.” Voiceover can say “go to Analyze then Analyze Particles.”
3.10.1. SCREEN: To be uploaded by Authors: Image being threshold using the cristae probability map and then Analyze  Analyze Particles is selected. TXT: Measurements can be selected by going to Analyze  Set Measurements.

3.11. Finally, draw a multipoint line, adjust the line thickness to several pixels wide, and spline the line to fit the mitochondria [1-TXT].
3.11.1. SCREEN: To be uploaded by Authors: Multipoint line is drawn, line thickness is adjusted, and the line is splined to fit the mitochondria. TXT: Line plots can be generated with the FIJI hotkey preset or the menu option, AnalyzePlot Profile.
[bookmark: _Hlk137037461]
Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=19996153

Representative Results
3.12. In this study, imaging of mitochondria in undifferentiated [1] retinoic acid- differentiated SH-SY5Y cells [2] with time-lapse imaging is shown [3].
3.12.1. LAB MEDIA: Figure 3 Video Editor: Please emphasize Figure A
3.12.2. LAB MEDIA: Figure 3 Video Editor: Please emphasize Figure B
3.12.3. LAB MEDIA: Figure 3 Video Editor: Please emphasize Figures C and D

3.13. The deconvolved STED images [1] determined cristae periodicity and density in each area [2].
3.13.1. LAB MEDIA: Figure 5
3.13.2. LAB MEDIA: Figure 5B Video Editor: Please emphasize the line plot

[bookmark: Text2]     
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