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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?  Yes  


2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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/account/file-uploader?src=21987193


3. Filming location: Will the filming need to take place in multiple locations?   Yes
Two buildings on the same campus with a 5-min walking distance.

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:  25
Number of Shots:  35 

Interviews
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

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Zhou Sha: We investigate the visualization of the mitochondrial protease ClpXP and how disrupting mitochondrial proteostasis affects mitochondrial structure.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Zhou Sha: Current methods lack sufficient spatial resolution, whereas our protocol directly visualizes mitochondrial ClpXP targeting within intact cells.
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. Zhou Sha: This protocol measures mitochondrial targeting, colocalization, and morphological changes after ClpXP inhibition.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.4. Zhou Sha: Future studies can examine mitochondrial protease responses to stress and develop probes for other enzymes.
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. Preparating HeLa Cells for Microscopy
Demonstrator: Zhou Sha 
2.1. To begin, culture HeLa cells in DMEM supplemented with 10% FBS at 37 degrees Celsius in a humidified incubator with 5% carbon dioxide [1].	Comment by Pallavi  Sharma: Authors: Please specify the incubation duration
2.1.1. WIDE: Talent placing the HeLa cell culture in the humidified incubator. Videographer: Please obtain CU shot as well for this shot.
2.2. Then, plate the cells onto sterile glass coverslips [1] and incubate for 24 hours to allow cell attachment [2].
2.2.1. Talent plating the cells onto sterile glass coverslips.
2.2.2. Talent placing the plated cells in the incubator.
2.3. Dissolve the inhibitor FAM-FAPAL-CMK (F-A-M-F-A-P-A-L-C-M-K) in dimethyl sulfoxide or DMSO (D-M-S-O) to prepare a 50 micromolar stock [1] and freeze at minus 20 degrees Celsius for storage [2].
2.3.1. Talent dissolving FAM-FAPAL-CMK in dimethyl sulfoxide.
2.3.2. Talent placing the inhibitor stock in storage at -20 degrees Celsius.
2.4. Add 50 nanomolar FAM-FAPAL-CMK to the cell growth medium in the treated cell samples [1].
2.4.1. Talent adding FAM-FAPAL-CMK to the treated cell samples.
2.5. Add an equal volume of DMSO to the control samples to match the final solvent concentration of the inhibitor-treated samples [1]. Incubate the cells for an additional 18 hours under the same culture conditions prior to downstream processing [1].
2.5.1. Talent adding dimethyl sulfoxide to the control samples.
2.5.2. Talent placing the cells in the incubator.

2.6. Then, wash the cells with pre-warmed DPBS for 5 minutes and repeat the wash once [1].
2.6.1. Talent adding DPBS to the cells and removing it.
2.7. Fix the cells for 15 minutes at room temperature using PHEM (P-H-E-M) buffer supplemented with 2.4% formaldehyde, 0.05% glutaraldehyde, and 0.5% saponin [1].
2.7.1. Talent adding the PHEM fixation buffer to the cells and keeping the cells aside on the working bench
2.8. Next, prepare a fresh sodium borohydride solution [1]. Incubate the cells in the sodium borohydride solution at room temperature for 15 minutes to neutralize residual glutaraldehyde [2].
2.8.1. Talent preparing the sodium borohydride solution in Dulbecco’s phosphate-buffered saline.
2.8.2. Talent adding the sodium borohydride solution to the cells and keeping the cells aside on the working bench
2.9. Rinse the cells three times with DPBS for 5 minutes each prior to staining [1].
2.9.1. Talent rinsing the cells with Dulbecco’s phosphate-buffered saline.

3. Immunofluorescence Staining
3.1. Block the cells for 1 hour at room temperature in a blocking buffer containing 3% BSA in PBS supplemented with 0.1% Triton X-100 [1].
3.1.1. Talent adding the blocking buffer to the cells.
3.2. Incubate the cells with primary antibodies anti-TOMM20 (Anti-Tomm-Twenty) and anti-ClpP (Anti-C-l-P-P) diluted in the blocking buffer for 1 hour at room temperature [1]. 
3.2.1. Talent adds the diluted primary antibody solution to the cells and keeps it aside.
3.3. Wash the cells three times with PBS for 5 minutes each to remove unbound primary antibodies [1].
3.3.1. Talent washing the cells with phosphate-buffered saline.
3.4. Next, incubate the cells with CF405S (C-F-Four-Zero-Five-Five)-conjugated mouse and Alexa Fluor 647 (Six-Forty-Seven)-conjugated rabbit secondary antibodies, diluted in blocking buffer, for 1 hour at room temperature. [1]. 
3.4.1. Talent adding the diluted secondary antibody solution to the cells.
3.5. Protect the samples from light during and after the secondary antibody incubation [1].
3.5.1. Talent covering the samples to protect them from light.
3.6. Then, wash the cells three times with PBS for 5 minutes each to remove unbound secondary antibodies [1].
3.6.1. Talent washing the cells with phosphate-buffered saline.
3.7. Mount the coverslips onto glass slides using a mounting medium [1].
3.7.1. Talent mounting the coverslips onto glass slides using the mounting medium.

4. Image Acquisition
4.1. Acquire images using a confocal laser scanning microscope equipped with a high-numerical-aperture oil-immersion objective [1].
4.1.1. Talent positioning the mounted sample on the confocal laser scanning microscope for image acquisition.
4.2. Excite the fluorophores using 405-nanometer and 633-nanometer laser lines [1]. Use appropriate dichroic beam splitters to reflect the excitation light and transmit the emitted fluorescence to the detectors [2].
4.2.1. SCREEN: 405 nanometer and 633 nanometer laser lines being selected for image acquisition.
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/account/file-uploader?src=21987193

4.2.2. SCREEN: Appropriate dichroic beam splitters being selected. Fluorescence detection settings being configured.
4.3. Set the pixel size to 35.3 nanometers [1] and the Z-step to 0.1 micrometers to ensure sufficient axial sampling of mitochondrial structures [2].
4.3.1. SCREEN: Pixel size being entered as 35.3 nanometers for the X and Y dimensions.
4.3.2. SCREEN: Z-step being entered as 0.1 micrometers.
4.4. Acquire images with a frame size of 1900 by 1900 pixels [1]. Collect 5 optical sections per Z-stack beginning at the upper mitochondrial signal and ending below the mitochondrial signal to ensure the predominant mitochondrial signal is collected [2].
4.4.1. SCREEN: Frame size being entered as 1900 × 1900 pixels.
4.4.2. SCREEN: Z-stack acquisition being initiated. 5 optical sections being collected from the upper mitochondrial signal to below the mitochondrial signal.
5. Live Cell Treatment and Imaging
5.1. Culture HeLa cells on 35-millimeter glass-bottom dishes in DMEM supplemented with 10% FBS at 37 degrees Celsius in a humidified incubator with 5% carbon dioxide [1].
5.1.1. Talent placing the HeLa cell cultures in 35 millimeter glass-bottom dishes into the humidified incubator.
5.2. Add the inhibitor or add an equivalent volume of DMSO to the cells 24 hours after seeding [1]. Incubate the cells for an additional 18 hours under standard culture conditions [2].
5.2.1. Talent adding the inhibitor or dimethyl sulfoxide to the cells.
5.2.2. Talent placing the dishes in the incubator.
5.3. Remove the culture medium containing the inhibitor or DMSO [1] and rinse the cells once with pre-warmed DPBS for 5 minutes [2].
5.3.1. Talent removing the culture medium from the glass-bottom dish.
5.3.2. Talent rinsing the cells with pre-warmed Dulbecco’s phosphate-buffered saline.
5.4. Add a live-cell imaging solution containing 20 nanomolar MitoTracker DeepRed [1].
5.4.1. Talent adding the live-cell imaging solution containing MitoTracker DeepRed to the cells.
5.5. Perform live-cell imaging at room temperature using the same microscope settings described previously [1]. Acquire images in per-frame scanning mode with an approximate 4.72 seconds per optical section and about 24 seconds total per 5-section Z-stack followed by mitochondrial morphology and colocalization analysis [2].
5.5.1. Talent positioning the glass-bottom dish on the microscope stage for live-cell imaging.
5.5.2. SCREEN: Per-frame scanning mode being selected. Image acquisition being initiated for the 5-section Z-stack.

Perform the following biochemical analysis
· Bradford Assay
· Immunoblotting
· Densiometric Analysis
Video editor: Use a title card to show this information










Results
6. Results 

6.1. Representative fluorescence images showed clear differences in mitochondrial organization between control cells [1] and FAM-FAPAL-CMK-treated cells [2].
6.1.1. LAB MEDIA: Figure 1A. Video editor: Highlight the image labeled 'Without inhibitor' 
6.1.2. LAB MEDIA: Figure 1A. Video editor: Highlight the image labeled 'With inhibitor' 
6.2. Mitochondrial area decreased from 1.15 square micrometers in control cells [1] to 0.47 square micrometers upon inhibitor treatment [2]. Mitochondrial perimeter decreased from 8.1 micrometers in control cells [3] to 4.6 micrometers upon inhibition [4].
6.2.1. LAB MEDIA: Figure 1B. Video editor: Highlight the violin plot labelled 'without inh'.
6.2.2. LAB MEDIA: Figure 1B. Video editor: Highlight the violin plot labelled 'with inh'.
6.2.3. LAB MEDIA: Figure 1C. Video editor: Highlight the violin plot labelled 'without inh'.
6.2.4. LAB MEDIA: Figure 1C. Video editor: Highlight the violin plot labelled 'with inh'.
6.3. Mitochondrial form factor decreased from 5.9 in control cells [1] to 4.3 in treated cells [2].
6.3.1. LAB MEDIA: Figure 1D. Video editor: Highlight the violin plot labelled 'without inh'.
6.3.2. LAB MEDIA: Figure 1D. Video editor: Highlight the violin plot labelled 'with inh'.
6.4. Total branch length per mitochondrion decreased from 8.6 micrometers in control cells [1] to 3.2 micrometers upon inhibition [2].
6.4.1. LAB MEDIA: Figure 1E. Video editor: Highlight the violin plot labelled 'without inh'.
6.4.2. LAB MEDIA: Figure 1E. Video editor: Highlight the violin plot labelled 'with inh'.
6.5. Representative imaging showed spatial overlap between ClpP and the mitochondrial outer membrane protein TOMM20 [1].
6.5.1. LAB MEDIA: Figure 2A. 
6.6. ClpP localization to mitochondria was maintained under control conditions [1] and upon inhibitor treatment [2].
6.6.1. LAB MEDIA: Figure 2B and C. Video editor: Highlight the bar labelled 'M1'.
6.6.2. LAB MEDIA: Figure 2B and C. Video editor: Highlight the bar labelled 'M2'.
6.7. The inhibitor signal was enriched in mitochondrial regions labeled by mitochondrial dye [1].
6.7.1. LAB MEDIA: Figure 3A. Video editor: Highlight the image labeled 'Overlay' in the row 'Inhibitor with MitoTracker'.
6.8. Quantitative analysis revealed Manders’ coefficients of 0.71 for M1 [1] and 0.61 for M2, suggesting substantial yet incomplete colocalization of the inhibitor signal with mitochondria [2].
6.8.1. LAB MEDIA: Figure 3B. Video editor: Highlight the bar labeled 'M1'.
6.8.2. LAB MEDIA: Figure 3B. Video editor: Highlight the bar labelled 'M2'.
6.9. Comparable ClpP levels were observed between control samples [1] and inhibitor-treated samples, with loading controls confirming equal lysate input [2].
6.9.1. LAB MEDIA: Figure 3C. Video editor: Highlight the ClpP band in the lane labelled '-'.
6.9.2. LAB MEDIA: Figure 3C. Video editor: Highlight the ClpP band in the lane labelled '+'.
6.10. Densitometric analysis of ClpP band intensity normalized to mouse anti-beta-actin showed no significant difference in ClpP abundance between control samples [1] and inhibitor-treated samples [2].
6.10.1. LAB MEDIA: Figure 3D. Video editor: Highlight the bar labelled '-'.
6.10.2. LAB MEDIA: Figure 3D. Video editor: Highlight the bar labelled '+'.
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