

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 72089
Scriptwriter Name: Pallavi Sharma
Project Page Link: https://review.jove.com/account/file-uploader?src=21987193

Title: Demonstrating Fluorescent Peptidyl Inhibitor Targeting of Mitochondrial ClpXP by Fluorescence Microscopy in Mammalian Cells


Authors and Affiliations: 
Zhou Sha1*, Stephen Benkovic1, Irene Lee2

1Department of Chemistry, The Pennsylvania State University
2Department of Chemistry, Case Western Reserve University



☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Zhou Sha		(zzs5259@psu.edu)



Email Addresses for All Authors: 

Stephen Benkovic	(sjb1@psu.edu)
Irene Lee		(ixl13@case.edu)
Zhou Sha		(zzs5259@psu.edu)




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?  Enter Yes or 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?  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.

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

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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:  25
Number of Shots:  35 

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

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 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 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 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?
1.4. 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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
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 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 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.


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


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.) with purple font 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 the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Sample Preparation of HeLa Cells for Microscopy
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, culture HeLa cells in DMEM supplemented with 10% FBS at 37 degrees Celsius in a humidified incubator with 5% carbon dioxide [1].
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. 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. WIDE: 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 for 15 minutes at room temperature 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 adding the diluted primary antibody solution to the cells and keeping ot 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
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. 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: 180.
· Please note that the video cannot include voiceover without an accompanying visual.

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 micrometres in control cells [3] to 4.6 micrometres 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 micrometres in control cells [1] to 3.2 micrometres 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 labelled by mitochondrial dye [1].
6.7.1. LAB MEDIA: Figure 3A. Video editor: Highlight the image labelled '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 labelled '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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