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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?
Yes  
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.

LSM 800 with Airyscan 
(AxioObserver.Z1 ACR LSM800)

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.	Comment by Tassula Proikas-Cezanne: We screen recorded subsections and provide 20 mov files along with a screen recording guide (word document). 
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. https://review.jove.com/account/file-uploader?src=19858598


3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? Click to enter distance between locations.

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

Current Protocol Length

Number of Steps: 29
Number of Shots: 43 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Tassula Proikas-Cezanne: High brain iron accumulation in BPAN is caused by dysfunction of the autophagy protein WIPI4, but the underlying molecular mechanisms are unknown. Here we provide an assessment for lysosomal ferritin degradation, such as ferritinophagy.

REQUIRED: What is the main advantage of this technique?
1.1. Tassula Proikas-Cezanne: We offer a quantitative, image-based analysis method to measure lysosomal ferritin degradation in single cells. Conveniently, our multiplex approach can be extended by including appropriate antibodies or dyes to measure additional cellular parameters.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.1. Tassula Proikas-Cezanne: A major benefit of this method is that it can be used with primary, patient-derived BPAN cells. Image-based multiplex assessments of intracellular ferritin levels may become useful in future BPAN diagnostic strategies.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.2. Tassula Proikas-Cezanne: This method can be used to identify and differentiate autophagy-dependent and independent pathways for lysosomal ferritin degradation. Important for understanding dysfunctional iron homeostasis in BPAN at the cellular level.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.3. Tassula Proikas-Cezanne: Employment of this method is straight forward. What is required, however, is an expertise in cell culture and knowledge of fluorescence microscopy principles. 

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.4. Tassula Proikas-Cezanne: My PhD student Carmen Pastor-Maldonado will demonstrate the method for analyzing lysosomal ferritin degradation, such as ferritinophagy. 
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Videographer: Obtain headshots for all authors. 


1.5. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

Videographer: Please capture the shot with labes of all the containers visisble to the viewers during the addition.
Author: Clearly label all the containers
2. [bookmark: _Hlk126314255]Fixation and Staining
Videographer: The procedure takes place in a sterile environment.
2.1. Begin the cell fixation by aspirating the treatment medium from the cells seeded in a glass-bottom 96-well plate [1] and washing them two times with Dulbecco's phosphate-buffered saline or DPBS (D-P-B-S) [2]. Add 100 microliters of 3.7% paraformaldehyde or PFA (P-F-A) per well before fixing the cells for 20 minutes at room temperature in darkness [3]. 	Comment by Pradnya Kedari: Author: Please mention the name of the cells here. Which cells were used for fixing here? Is it patient-derived beta-propeller-associated neurodegeneration cells? 
Yes, fibroblasts in particular.
2.1.1. WIDE: Talent aspirating the medium from the glass bottom well plate.
2.1.2. Talent adding DPBS medium to the well/s of glass well plate.
2.1.3. Talent adding 100 μL of 3.7% PFA in well/s.

2.2. After 20 minutes, remove the PFA, and wash the cells two times with PBS/T (P-B-S-T) before blocking the cells in PBS/T containing 1% bovine serum albumin or BSA (B-S-A) [1] for 1 hour at 4 degrees Celsius [2]. 	Comment by Pradnya Kedari: Author: Please check this and all the other pronunciation guides mentioned in red italics, and confirm if they are correct. This is correct.

If needed, make the necessary changes using the trach change option.	Comment by Microsoft Office User: Correct
2.2.1. Talent removing PFA and adding PBS/T to the cells.
2.2.2. Talent placing the cell plate at 4 °C.

2.3. Next, wash the cells 2 times with PBS/T [1] before applying 50 microliters of the primary antibody mix prepared in PBS/T per well [2]. Wrap the plates with parafilm [3], and incubate overnight at 4 degrees Celsius [4].
2.3.1. Talent washing the cells with PBS/T. Videographer: Please capture a few extra shits here to re-use at 2.4.2. and 2.5.1.
2.3.2. Talent adding 50 μL of primary antibody mix to the well/s.
2.3.3. Talent wrapping the plate in parafilm.
2.3.4. Talent placing the wrapped plate at 4 °C.

2.4. The following morning, prepare the secondary antibody mix in PBS/T at a 1:200 ratio [1]. After washing the cells two times with PBS/T [2], apply 50 microliters of the freshly prepared secondary antibody mix per well [3]. Incubate the cells at 4 degrees Celsius for 1 hour in the dark [4].
2.4.1. The secondary antibody mix in PBS/T container at being seen. 
2.4.2. Use 2.3.1. Talent washing the cells with PBS/T.
2.4.3. Talent adding 50 μL of the secondary antibody in well/s.
2.4.4. Talent placing the plate at 4°C in the dark.


2.5. Again give two washes with PBS/T [1] and add 100 microliters of freshly prepared 5 micrograms per microliters of  4',6 (four prime, six) -diamidino-2-phenylindole or DAPI (‘Dapy’, similar to happy) solution per well and incubate the plate [2-TXT]. 	Comment by Microsoft Office User: Correct.	Comment by Microsoft Office User: Correct.
2.5.1. Use 2.3.1. Talent washing the cells with PBS/T.
2.5.2. Talent adding 100 μL of DAPI solution in well/s. TXT: Incubation: 20 min, RT,  dark condition

2.6. Give two PBS washes before adding 50 microliters PBS to each well [1]. Then incubate the wrapped plates at 4 degrees in the dark [2].
2.6.1. Talent adding 50 μL of PBS in well/s.
2.6.2. Talent placing the wrapped plates at 4°C in the dark.

3. Automated Imaging Using Confocal Laser-Scanning Microscopy
3.1. For automated imaging of the cells, replace the PBS in the plate with 50 microliters of fresh PBS at room temperature [1]. Cover the plate with aluminum foil to transfer it to the microscopy room [2].
3.1.1. Talent replacing PBS with 50 μL of fresh PBS.
3.1.2. Talent covering the plate with aluminum foil.

3.2. Turn the confocal laser-scanning microscope on, set a sample holder for 96-well plates on the microscope table, and select a 40x (forty-ex) objective [1].
3.2.1. Talent setting a sample holder for 96-well plates and selecting 40 x objective.
Videographer: Please capture an extra shot of the talent operating the instrument.

3.3. Adjust the imaging settings by selecting the lasers and filters in Smart Setup and assigning the tracks for optimal image quality and speed [1-TXT]. 
3.3.1. SCREEN: To be provided by the authors:  The lasers and filters being selected and tracks being assigned. TXT: Refer to ‘Table 1’ for image setting parameters
Author: Please refer to the screen captured guidelines, capture all the SCREEN shots and upload them on the author uploader as soon as possible: https://review.jove.com/account/file-uploader?src=19858598

3.4. To select the type of experiment, click on Tiles to enable the selecting option and save the determined X,Y positions on the plate [1].
3.4.1. SCREEN: To be provided by the authors:  Type of experiment being selected, determined X,Y positions being saved on the plate.

3.5. In the Imaging Setup module, visualize the acquisition channels, the assigned tracks, and their excitation and emission wavelengths [1]
3.5.1. SCREEN: To be provided by the authors:  The acquisition channels, the tracks assigned to them, and their excitation and emission wavelengths being visualized in the imaging setup module.

3.6. In the Acquisition Mode module, select Scan Speed as ‘6’, Direction as ‘bidirectional’, Averaging as ‘2X’ and Bits per pixel as ‘8’[1].
3.6.1. SCREEN: To be provided by the authors: In the Acquisition Mode module, Scan Speed, Direction, Averaging and Bits per pixel being selected.

3.7. In the Channels module, fine-tune the laser power, pinhole, and master gain for each channel individually to achieve properly exposed images without oversaturating them [1-TXT].
3.7.1. SCREEN: To be provided by the authors:  The laser power, pinhole, and master gain being adjusted. TXT: Refer to ‘Table 2’ for details
3.8. Next, click on the Focus strategy module and select Combine Software Autofocus and Definite Focus [1]. Under Reference Channel and Offsets, select the most stable/brightest channel as a reference. Under Stabilization Event Repetitions and Frequency, select Standard [2].
3.8.1. SCREEN: To be provided by the authors:  In Focus strategy module, Combine Software Autofocus and Definite Focus being selected.
3.8.2. SCREEN: To be provided by the authors: Reference Channel and Offsets > Most stable/brightest channel (DAPI or 488 nm) being selected. Under Stabilization Event Repetitions and Frequency, Standard  being select

3.9. In the Software Autofocus module, select Mode as Intensity; Search as Smart; Sampling as Fine and Relative Range. 	Comment by Pradnya Kedari: Author: Please check and confirm, if this VO narration is correct. 

If needed, make the changes using track change option.
3.9.1. SCREEN: To be provided by the authors:  In the Software Autofocus module, Mode being selected as Intensity; Search as Smart; Sampling as Fine and Relative Range.

3.10. Next, click on the Tiles module. Select Positions as single positions. Under Advanced Setup, navigate through the plate, identify a position for imaging, and click on the ‘+’ (Plus) button under the Position Setup tab [1]. 
3.10.1. SCREEN: To be provided by the authors:  Times modules being clicked followed by a Position selection. Under Advanced setup, the imaging position being identified, followed by a click on the position setup, followed by click on ‘+’.	Comment by Microsoft Office User: Tiles	Comment by Tassula Proikas-Cezanne: Please replace Times with Tiles

3.11. To label each position with additional information, open the Properties tab and click on the wheel icon next to the Category dropdown menu. Then click on New to open a new dialog box to enetr new category name [1]. 
3.11.1. SCREEN: To be provided by the authors:  In the Properties tab, wheel icon being clicked, followed by click on ‘New’. In the new dialogue box ‘new category name’ being entered.

3.12. To assign a category to a certain position, select the position, click on the Properties tab, go to the Categories dropdown menu, and select the corresponding label [1].
3.12.1. SCREEN: To be provided by the authors:  In Position > Properies tag > Catagories drop down menu > Labels being clicked

3.13. Under Sample Carrier, select Multiwell 96–Cellvis glass bottom #0 (hash zero). Click on Calibrate to calibrate the microscope to the plate surface. Choose between 1 point or 7 point calibration depending on the system’s specifications [1].	Comment by Microsoft Office User: Correct.
3.13.1. SCREEN: To be provided by the authors:  Sample Carrier, >Multiwell 96–Cellvis glass bottom #0, being selected. Calibrate being clicked and 1 point or 7 point calibration being selected.

3.14. Under Options, select a tile overlap of 10%. Under Travel in Tile Regions, select Comb. And tick ‘use stage speed from stage control’, ‘use stage acceleration from stage control,’ and ‘image pyramid during acquisition’ [1].
3.14.1. SCREEN: To be provided by the authors:  Under Options> tile overlap being selected. Under Travel in Tile Regions> Comb being selected. Then use stage speed from stage control, use stage acceleration from stage control, and image pyramid during acquisition being ticked.

3.15. Once done, run image acquisition. Save the image results as czi (C-Z-I) file and the image metadata as csv (C-S-V) files on a portable hard drive. Export the images as TIFF files [1].	Comment by Microsoft Office User: Correct	Comment by Microsoft Office User: Correct.
3.15.1. SCREEN: To be provided by the authors:  Image acquisition being run followed by saving the files on hard drive and exporting the images as TIFF files.

4. High-Throughput Image Analysis
4.1. Create a separate metadata spreadsheet file for high throughput image analysis with the Position, Well, Condition, Series, and Set columns [1]. Retrieved the appropriate data from the original metadata file that comes from confocal laser-scanning microscopy and fill these columns [2].
4.1.1. WIDE: Talent looking at the monitor at the metadata spreadsheet file. The columns being seen by the viewers.
4.1.2. SCREEN: To be provided by the authors: The metadata spreadsheet (Position, weel, condition…) being filled with data retrieved from the metadata file.

4.2. Launch CellProfiler 4.2.4 by double-clicking, and import the CellProfiler pipeline by drag and drop [1].
4.2.1. SCREEN: To be provided by the authors: CellProfiler 4.2.4 being double clicked and the cell profiler pipeline being dragged and dropped. 

4.3. Before adapting the CellProfiler pipeline, drag and drop individual TIFF image files or a folder containing multiple TIFF image files to the Image module [1].
4.3.1. SCREEN: To be provided by the authors:  TIFF image files or a folder containing multiple TIFF image files being dragged to the Image module.	Comment by Microsoft Office User: Czi image files or a folder containing multiple czi image files being dragged to the Image module	Comment by Tassula Proikas-Cezanne: Please replace with the above statement.

4.4. In the Names and Types module, replace the c1-c3 (C-One C-three) code with a code that allows the software to identify and sort the single-channel images to be analyzed [1]. 	Comment by Microsoft Office User: Correct.

4.4.1. SCREEN: To be provided by the authors:  c1-c3 (C-One C-three) code being replaced in the Names and types module.	Comment by Microsoft Office User: Correct.


4.5. Tune the pipeline settings for the IdentifyPrimaryObjects and IdentifySecondaryObjects modules by optimizing the numeric entries in the modules [1]. 
4.5.1. SCREEN: To be provided by the authors:  The numeric entries in the modules being optimized.

4.6. To track the adjustments, select the Test Mode option by clicking on the Start Test Mode button or, alternatively the Step button between modules A. This will result in a pop-up window showing an analyzed image [1].	Comment by Pradnya Kedari: Author: which will be shown during the filming day? Clicking on the Start Test Mode button or clicking on the Step button between modules A? Both are shown on our screen recordings.	Comment by Microsoft Office User: This can be misleading, I suggest to rephrase this as follows: This will result in a pop-up window showing how an image would be analyzed with those settings. Finetune the settings for an optimal recognition.
4.6.1. SCREEN: To be provided by the authors: Test mode being selected followed by a pop-up window showing an analyzed image being seen.


4.7. Once the pipeline is optimized, end the test mode. Then, execute the analysis by activating the Exit Test Mode and clicking on the Analyze Images button [1]. 
4.7.1. SCREEN: To be provided by the authors: The test mode being ended, Exit Test Mode being activated, followed by clicking the Analyze Images button.

4.8. After the analysis, verify the cell and puncta detection accuracy by comparing the input images with the overlay outputs generated by CellProfiler [1]. If not satisfactory, adjust the numerical values in the different modules until the analysis result is sufficiently accurate [2-TXT].
4.8.1. SCREEN: To be provided by the authors: The input image being compared with the overlay output (cell boundaries, puncta) generated by the Cell Profiler. 
4.8.2. SCREEN: To be provided by the authors The numerical values in the different modules being adjusted. TXT: Refer to ‘Table 2’	Comment by Microsoft Office User: This screen recording shows virtually the same than 4.6.1


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Steps 2.3, 2.4, 3.7, 3.8, 3.9

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]-     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 48. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 
5. Results: Assessment of Ferritinophagy in Primary, Skin-Derived Human Fibroblasts
5.1. This technique made the software-based cell recognition and the ferritin and LAMP2 recognition possible [1]. Author: How would you like JoVE’s voice talent to pronounce ‘LAMP 2’? Is it lamp two or L-A-M-P Two or other? Please confirm.	Comment by Microsoft Office User: “LAMP 2”
5.1.1. LAB MEDIA: Figure 2.

5.2. When the lysosomal degradation of ferritin [1] was blocked by adding bafilomycin A1 [2], the colocalization of endogenous ferritin and LAMP2 increased. The increase was consistent with its ability to inhibit lysosomal V-ATPase (V-A-T- Pase) enzymes, blocking ferritinophagy [3]. 	Comment by Microsoft Office User: Correct	Comment by Tassula Proikas-Cezanne: V-A-T-P-ase
5.2.1. LAB MEDIA: Figure 2.
5.2.2. LAB MEDIA: Figure 2. Video Editor: Please emphasize 2B.	Comment by Pradnya Kedari: Author: Please check if the emphasis is on correct figures for the corresponding voice over 
5.2.3. LAB MEDIA: Figure 2. Video Editor: Please emphasize 2C.




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words or fewer.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
6.1. Carmen J. Pastor-Maldonado: (2.3, 2.4) A high quality immunostaining is mandatory to automatically analyze the images accurately. It is advisable to conduct preliminary experiments testing e.g. appropriate cell densities and antibody dilutions.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Tassula Proikas-Cezanne: Our protocol can be extended to perform correlative light and electron microscopy analysis. From this, precise conclusions can be drawn about the type of lysosomal ferritin degradation, for example via ferritinophagy or autophagy-independent pathways.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Tassula Proikas-Cezanne: BPAN research at the molecular level is currently developing. Methodological strategies are currently being tested to determine whether they can capture the specific cellular behavior of BPAN patient-derived cells and their difference from cells in which WIPI4 is not mutated. Our method is part of this development.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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