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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?  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:  35
Number of Shots:  58 

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. Labeling and Purification of LpxC–Atto488
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, obtain LpxC (L-picks-C), Filamentation temperature-sensitive protein H or FtsH (F-T-S-H) and Lipopolysaccharide assembly protein B or LapB (Lap-B) proteins [1]. Dilute 0.5 milligram of LpxC in 50 millimolar phosphate buffer at pH 7.6 to a final volume of 225 microliters [2]. Add 25 microliters of 1 molar sodium bicarbonate to adjust the pH to approximately 8.3 [3].
2.1.1. WIDE: Talent walking into the room with a tray of tubes. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent adding 0.5 mg of LpxC into a tube containing phosphate buffer. 
2.1.3. Talent adding sodium bicarbonate into the tube containing LpxC solution.

2.2. To prepare stock solution, add 0.24 milligram of Atto488 (AT-toh-four-eight-eight) reactive dye into a tube containing 20 microliters of 0.1 molar sodium bicarbonate buffer [1]. Prepare working solution by diluting 2 microliters of the stock solution with 18 microliters of 0.1 molar sodium bicarbonate buffer [2].
2.2.1. Talent dissolving Atto488 reactive dye in sodium bicarbonate buffer.
2.2.2. Talent pipetting the stock solution into a tube containing sodium bicarbonate buffer.

2.3. Immediately add 4 microliters of the Atto488 working solution to the protein solution [1]. After wrapping the tube with aluminum foil, place it at 4 degrees Celsius with gentle agitation at 18 rpm for 2 hours [2].
2.3.1. Talent adding the Atto488 working solution into the tube containing protein solution.
2.3.2. Talent placing the wrapped tube into a refrigerated shaker.

2.4. Once the PD-10 (P-D-ten) desalting column is equilibrated with 10 milliliters of ultrapure water, add 15 milliliters of phosphate buffer to the column [1].
2.4.1. Talent adding phosphate buffer to the column.

2.5. Apply the labeling reaction mixture to the column and allow the mixture to fully enter the resin [1].
2.5.1. Close shot of the applying mixture to the column and mixture entering the resin bed.

2.6. After eluting the column with 5 milliliters of 50 millimolar phosphate buffer, observe the 2 distinct bands corresponding to LpxC–Atto488 and free Atto488 dye [1]. Collect fractions from the first band in approximately 0.5 milliliter aliquots [2].
2.6.1. Close shot of two visible bands moving through the column.
2.6.2. Talent collecting the first eluted fraction into a tube.

2.7. Once the eluted fractions is analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis or SDS-PAGE (S-D-S-PAGE), visualize fluorescence under ultraviolet illumination before Coomassie Brilliant Blue staining or CBB (C-B-B) [1].
2.7.1. Shot of fluorescent protein bands visible under ultraviolet illumination.

2.8. Pool the fractions containing LpxC–Atto488 [1]. After concentrating the labeled protein to approximately 2 milligrams per milliliter, using a microvolume spectrophotometer measure the concentration of protein and Atto488 to estimate labeling efficiency [2].
2.8.1. Talent combining selected fractions into a single tube.
2.8.2. Talent loading samples into a microvolume spectrophotometer for concentration measurement.

2.9. Aliquot LpxC–Atto488 into 1.5 milliliter microcentrifuge tubes [1]. After flash-freezing the samples in liquid nitrogen, store the samples at minus 80 degrees Celsius [2].
2.9.1. Talent dispensing labeled protein into microcentrifuge tubes.
2.9.2. Talent placing the frozen tubes into a minus 80 degrees Celsius freezer.


3. Preparation and Extrusion of Liposomes
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Inside a fume hood, transfer 100 milligrams of 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine or POPC (P-O-P-C) in chloroform into a glass test tube [1]. After evaporating the solvent under a gentle stream of nitrogen gas, dry it overnight under vacuum [2].
3.1.1. Talent transferring the lipid solution into a glass test tube inside a fume hood.
3.1.2. Talent placing the tube under vacuum for overnight drying.

3.2. Add 1315 microliters of buffer A containing 20 millimolar Tris-hydrochloride and 100 millimolar sodium chloride to the dried POPC film [1]. Resuspend the lipids by alternating 1 minute of water-bath sonication with 1 minute of vortexing at maximum speed for approximately 15 minutes until lipids are fully dispersed [2]. 
3.2.1. Talent adding buffer A to the dried POPC film.
3.2.2. Talent alternating between water-bath sonication and vortexing the lipid suspension.

3.3. Aliquot the liposome suspension into 200 microliter portions [1]. Store the aliquots at minus 20 degrees Celsius [2].
3.3.1. Talent dispensing the liposome suspension into aliquot tubes.
3.3.2. Talent placing the aliquots into a minus 20 degrees Celsius freezer.

3.4. After thawing the 200 microliter liposome aliquot in a water bath at room temperature, dilute it with 800 microliters of buffer A to a final volume of 1 milliliter [1].
3.4.1. Talent adding buffer A into the tube containing liposome suspension.

3.5. Subject the liposomes to three freeze-thaw cycles by alternating between liquid nitrogen and a water bath at room temperature [1].
3.5.1. Talent transferring the liposome tube from liquid nitrogen to a room temperature water bath.

3.6. After rinsing the syringes, 2 filter supports, and a 200 nanometer polycarbonate membrane with buffer A, and assembling the mini-extruder, extrude the liposomes 20 times, until it appears transparent [1].
3.6.1. Talent passing the liposome suspension back and forth through the membrane using the extruder. 

3.7. Once the 1 milliliter of extruded liposome suspension is divided into three tubes, dilute each tube with 600 microliters of buffer A [1].
3.7.1. Talent adding buffer A to the tube containing liposome suspension.

4. Proteoliposome Reconstitution and Analysis
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Prepare 10 percent volume per volume Triton X-100 (Triton-X-hundred) by mixing 100 microliters of Triton X-100 with 900 microliters of ultrapure water [1]. 
4.1.1. Talent adding Triton X-100 into a tube containing ultrapure water.

4.2. After fully dissolving the Triton X-100 in a shaker, using a spectrophotometer, measure the absorbance of the liposome suspension at 540 nanometers [1].
4.2.1. Talent measuring liposome absorbance using a spectrophotometer.

4.3. Add 5 microliter aliquots of 10 percent Triton X-100 sequentially to the liposome suspension [1]. After each addition, gently mix the suspension and measure the absorbance at 540 nanometers [2]. Continue adding Triton X-100 until the absorbance reaches a maximum and then decreases to approximately 60 percent of the peak value [3].
4.3.1. Talent adding Triton X-100 aliquots into the liposome suspension.
4.3.2. Talent measuring absorbance using a spectrophotometer.
4.3.3. SCREEN: Show the absorbance readings changing as Triton X-100 is sequentially added.
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=21683108
Videographer: Please film the computer screen as a back up

4.4. Add 35 microliters of 10 percent Triton X-100 to swell the liposomes, based on the titration curve [1]. Incubate at room temperature for 1 hour with gentle agitation [2].
4.4.1. Talent adding Triton X-100 to the liposome suspension.
4.4.2. Talent placing the liposomes tube on a gentle shaker at room temperature.

4.5. After washing approximately 2 grams of nonpolar polystyrene adsorbent once with 10 volumes of methanol and once with 10 volumes of ethanol, wash ten times with 10 volumes of ultrapure water [1]. Store the washed adsorbent in buffer A at 4 degrees Celsius [2].
4.5.1. Talent adding ultrapure water to the adsorbent.
4.5.2. Talent placing the tube with washed adsorbent in buffer A in the refrigerator.

4.6. To each tube of Triton X-100-swollen liposomes [1], add the required reagents [2] and incubate for 1 hour with gentle agitation [3]. 
4.6.1. Close of talent holding the tube and pipette.
4.6.2. TEXT ON A PLAIN BACKGROUND:
[bookmark: OLE_LINK209][bookmark: OLE_LINK210]500 mM TCEP - 3 μL 
FtsH - 22.5 μg
LapB - 22.5 μg
Adjust volume to 1 mL with buffer A
4.6.3. Talent placing the tubes on a gentle shaker at room temperature.

4.7. Remove the detergent [1] by sequential incubation with nonpolar polystyrene adsorbent [2]. After Centrifuging at 400 g for 3 seconds at 4 degrees Celsius, transfer the supernatant to ultracentrifuge tubes [3].
4.7.1. Close-up of removing the detergent.
4.7.2. TEXT ON A PLAIN BACKGROUND:
40 mg at RT for 0.5 h
40 mg at RT for 1 h
40 g at 4 °C overnight
40 mg at 4 °C for 1 h
4.7.3. Talent transferring the supernatant into ultracentrifuge tubes.

4.8. Wash the nonpolar polystyrene adsorbent with 1 milliliter of buffer A and combine the wash with the supernatant [1]. Add additional buffer A to a final volume of approximately 6 milliliters [2].
4.8.1. Talent adding buffer A to the adsorbent and combining the wash with the supernatant.
4.8.2. Talent adding buffer A to the tube.

4.9. In a fixed angle rotor, once the ultracentrifuge tubes are balanced, ultracentrifuge the samples at 250000 g at 4 degrees Celsius for 45 minutes to pellet the proteoliposomes [1].
4.9.1. Talent placing the tubes into an ultracentrifuge rotor.

4.10. After discarding the supernatant, resuspend the proteoliposome pellet in 70 microliters of buffer A supplemented with 1 millimolar tris 2-carboxyethyl phosphine [1].
4.10.1. Talent resuspending the proteoliposome pellet in buffer A.

4.11. Once the proteoliposomes are flash-freezed in the liquid nitrogen, store it at minus 80 degrees Celsius [1].
4.11.1. Talent storing the frozen proteoliposomes in a minus 80 degrees Celsius freezer.

4.12. After mixing the proteoliposome suspension thoroughly, add 5 microliters of the sample to 5 microliters of 2 times SDS loading buffer [1].
4.12.1. Talent adding the sample into the tube containing SDS loading buffer.
`
4.13. In a 4 to 20 percent SDS-PAGE gel, load the proteoliposome samples alongside 525 nanograms of FtsH [1].
4.13.1. Talent loading samples and FtsH standard onto the gel.

4.14. After staining the gel with CBB, scan the gel [1]. Quantify the band intensity of FtsH and calculate the volume of proteoliposome suspension equivalent to 525 nanograms of FtsH [2].
4.14.1. Talent scanning the stained gel.
4.14.2. SCREEN: Show analysis software quantifying FtsH band intensities and calculation of the equivalent proteoliposome suspension volume.

5. In vitro degradation of LpxC–Atto488
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. For each concentration of LpxC–Atto488 ranging from 0.5 to 40 micromolar, prepare a 70 microliter in vitro degradation reaction containing FtsH and LapB proteoliposomes in degradation buffer [1]. Measure degradation using 20 microliter fractions from the prepared reactions [2].
5.1.1. Talent adding reagents into reaction tubes.
5.1.2. Talent transferring 20 microliter fractions from the prepared degradation reactions into microcentrifuge tubes.

5.2. Transfer a 20 microliter fraction into a 1.5 milliliter microcentrifuge tube containing 48 microliters of 5 percent trichloroacetic acid to quench the reaction at 0 minutes [1]. Quench the second fraction at 10 minutes and third at 20 minutes [2].
5.2.1. Talent transferring the first fraction into trichloroacetic acid.
5.2.2. Talent quenching the remaining fractions at the indicated time points.

5.3. In parallel, prepare corresponding control reactions without proteoliposomes for background subtraction [1].
5.3.1. Talent preparing adding reagents into the tube.

5.4. After incubating the samples at 37 degrees Celsius for 30 minutes to precipitate proteins, centrifuge it at 18,800 g at room temperature for 20 minutes [1].
5.4.1. Talent placing the samples into a centrifuge.

5.5. Transfer 50 microliters of supernatant into a tube containing 60 microliters of 500 millimolar Tris-hydrochloride to neutralize the samples [1]. After mixing and transferring 100 microliters to a black 96-well plate, using a plate reader, measure the fluorescence with excitation at 498 nanometers and emission at 520 nanometers [2].
5.5.1. Talent transferring the supernatant into a tube containing Tris-hydrochloride.
5.5.2. Talent placing the 96-well plate into a plate reader.
5.5.3. 

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: 122.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. After successfully labeling LpxC with Atto488, the coincidence of the fluorescent [1] and protein bands, indicated that free dye was effectively removed from the labeled LpxC preparation [2].
6.1.1. LAB MEDIA: Figure 1A. Video editor: Emphasize the bands on line 1 to 6 labelled as LpxC-Atto488.
6.1.2. LAB MEDIA: Figure 1B. Video editor: Emphasize the bands on line 1 to 6 labelled as LpxC-Atto488.

6.2. Absorbance at 540 nanometers reached a maximum as Triton X-100 increased [1], then decreased with further Triton X-100 addition [2].
6.2.1. LAB MEDIA: Figure 2. Video editor: Emphasize the highest point of the graph near 15 microliters Triton X-100 (lies between 10 and 20)
6.2.2. LAB MEDIA: Figure 2. Video editor: Emphasize the lowest point of the graph near 35 microliters Triton X-100 (lies between 30 and 40)

6.3. Efficient membrane protein reconstitution was achieved when the absorbance at 540 nanometers decreased to approximately 60% of the peak value [1].
6.3.1. LAB MEDIA: Figure 2. Video editor: Emphasize the lowest point of the graph near 35 microliters Triton X-100 (lies between 30 and 40)

6.4. Comparable band intensities of FtsH [1] and LapB indicated similar reconstitution efficiencies for both proteins [2].
6.4.1. LAB MEDIA: Figure 3. Video editor: Emphasize the upper band labeled FtsH in the “FtsH/LapB-PL” lane
6.4.2. LAB MEDIA: Figure 3. Video editor: Emphasize the lower band labeled LapB in the “FtsH/LapB-PL” lane



6.5. A darkly stained region at the bottom of the gel likely corresponded to 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine lipids [1].
6.5.1. LAB MEDIA: Figure 3. Video editor: Circle and emphasize the dark stained region at the bottom of the gel below the protein bands in the “FtsH/LapB-PL” lane

6.6. The fluorescence increase during the first 10 minutes was comparable to the increase during the subsequent 10-minute interval [1].
6.6.1. LAB MEDIA: Supplementary Table 1. Authors: Which cells should be highlighted for this step?

6.7. Proteolytic activity of LpxC by FtsH/LapB increased with increasing LpxC-Atto488 concentration [1].
6.7.1. LAB MEDIA: Table 1. Video editor: Emphasize the values at the columns repeat 1, repeat 2, repeat 3
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