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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:  26
Number of Shots:  60 

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.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration in purple text and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· 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. Cas9-Specific gRNA Encoding Lentiviral Production
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, seed 2.5 × 106 HEK293FT cells in a 10 centimeter tissue culture-treated dish [1]. Incubate the cells for 12 hours until they reach at least 60% confluence before the transfection [2].
2.1.1. WIDE: Talent seeding the HEK293FT cells into a 10 centimeter tissue culture-treated dish.
2.1.2. Talent placing the tissue culture-treated dish into the incubator.
2.2. Dilute 20 micrograms of the total plasmid deoxyribonucleic acid in the sterile molecular biology-grade water to a final volume of 450 microliters in a 1.5 milliliter microcentrifuge tube [1]. Add 50 microliters of 2.5 molar calcium chloride [2]. Then, add 500 microliters of 2× HEPES-buffered saline at pH 7.05 to obtain a final volume of 1 milliliter [3].
2.2.1. Talent adding the total plasmid deoxyribonucleic acid and the sterile molecular biology-grade water to a 1.5 milliliter microcentrifuge tube.
2.2.2. Talent adding 50 microliters of 2.5 molar calcium chloride to the microcentrifuge tube.
2.2.3. Talent adding 500 microliters of 2× HEPES-buffered saline to the microcentrifuge tube.
2.3. Mix the calcium phosphate transfection solution thoroughly by gentle pipetting [1]. Add 1 milliliter of the calcium phosphate transfection mixture dropwise to the HEK293FT cell culture [2]. Gently rock the culture dish to distribute the transfection complexes evenly [3]. Incubate the cells for 12 hours [4].
2.3.1. Talent gently pipetting the calcium phosphate transfection solution to mix thoroughly.
2.3.2. Talent adding the calcium phosphate transfection mixture dropwise to the HEK293FT cell culture.
2.3.3. Talent gently rocking the culture dish.
2.3.4. Talent placing the culture dish into the incubator.
2.4. Then, aspirate and discard the culture medium [1]. Wash the cells once with 10 milliliters of room-temperature sterile 1× PBS [2].
2.4.1. Talent aspirating and discarding the culture medium.
2.4.2. Talent washing the cells with 10 milliliters of room-temperature sterile 1× PBS.
2.5. Aspirate and discard the PBS [1]. Add 10 milliliters of fresh room-temperature complete Dulbecco's Modified Eagle Medium [2]. Return the cells to the incubator and allow the lentiviral particles to accumulate in the culture medium for 36 hours [3].
2.5.1. Talent aspirating and discarding the PBS.
2.5.2. Talent adding the fresh room-temperature complete Dulbecco's Modified Eagle Medium to the culture dish.
2.5.3. Talent placing the culture dish into the incubator.


3. Lentiviral Transduction of HEK293ΔCUL4B Cells

Demonstrator: Click here to enter name of demonstrator(s) 


3.1. Carefully transfer the lentivirus-containing supernatant from the HEK293FT producer cells into a sterile 15 milliliter conical tube without disturbing the cell monolayer [1]. Centrifuge the collected supernatant at 1,000 g for 10 minutes at room temperature to pellet any residual HEK293FT producer cells [2]. Aspirate and discard the culture medium from the previously seeded HEK293ΔCUL4B cells [3].
3.1.1. WIDE: Talent placing the 15 milliliter conical tube into the centrifuge.
3.1.2. Talent carefully transferring the lentivirus-containing supernatant from the HEK293FT producer cells into a sterile 15 milliliter conical tube.
3.1.3. Talent aspirating and discarding the culture medium from the HEK293ΔCUL4B cells.
3.2. Transfer 7 milliliters of the clarified lentiviral supernatant to the 10 centimeter dish containing the HEK293ΔCUL4B cells [1]. Avoid disturbing the pellet at the bottom of the centrifuge tube and leave at least 1 milliliter of the residual supernatant behind to minimize the carryover of the producer cells [2].
3.2.1. Talent transferring 7 milliliters of the clarified lentiviral supernatant to the 10 centimeter dish containing the HEK293ΔCUL4B cells.
3.2.2. Talent leaving the pellet undisturbed while retaining at least 1 milliliter of the residual supernatant in the conical tube.
3.3. Incubate the transduced HEK293ΔCUL4B cells for 24 hours to permit the complete lentiviral transduction and integration [1]. Aspirate and discard the viral supernatant [2].
3.3.1. Talent placing the culture dish into the incubator.
3.3.2. Talent aspirating and discarding the viral supernatant.
3.4. Wash the cells once with 10 milliliters of room-temperature sterile 1× PBS [1]. Aspirate and discard the PBS [2].
3.4.1. Talent washing the cells with 10 milliliters of room-temperature sterile 1× PBS.
3.4.2. Talent aspirating and discarding the PBS.
3.5. Add 10 milliliters of fresh room-temperature complete Dulbecco's Modified Eagle Medium [1]. Return the cells to the incubator and culture them for 4 days to allow the transgene expression and the Cas9 disruption [2].
3.5.1. Talent adding 10 milliliters of fresh room-temperature complete Dulbecco's Modified Eagle Medium to the culture dish.
3.5.2. Talent placing the culture dish into the incubator.



4. Hygromycin Selection and Expansion of Stable HEK293ΔCUL4BΔcas9 Cells
Demonstrator: Click here to enter name of demonstrator(s) 


4.1. Aspirate and discard the culture medium from the HEK293ΔCUL4B cells [1]. Wash the cells once with 10 milliliters of room-temperature sterile 1× PBS [2].
4.1.1. WIDE: Talent aspirating and discarding the culture medium from the HEK293ΔCUL4B cells.
4.1.2. Talent washing the cells with 10 milliliters of room-temperature sterile 1× PBS.
4.2. Aspirate and discard the PBS [1]. Add 2 milliliters of a sterile room-temperature trypsin-ethylenediaminetetraacetic acid solution to the culture dish [2].
4.2.1. Talent aspirating and discarding the PBS.
4.2.2. Talent adding a sterile room-temperature trypsin-ethylenediaminetetraacetic acid solution to the culture dish.
4.3. Incubate the cells for 5 minutes to promote the detachment [1]. Add 8 milliliters of room-temperature complete Dulbecco's Modified Eagle Medium to neutralize the trypsin [2].
4.3.1. Talent placing the culture dish into the incubator.
4.3.2. Talent adding room-temperature complete Dulbecco's Modified Eagle Medium to the culture dish.
4.4. Transfer the cell suspension to a sterile 15 milliliter conical tube [1]. Triturate the cell suspension 15 to 20 times to thoroughly dissociate the cellular aggregates [2].
4.4.1. Talent transferring the cell suspension to a sterile 15 milliliter conical tube.
4.4.2. Talent triturating the cell suspension repeatedly.
4.5. Centrifuge the cells at 200 g for 10 minutes at room temperature [1]. Prepare a T150 tissue culture-treated flask containing 20 milliliters of complete Dulbecco's Modified Eagle Medium supplemented with 250 micrograms per milliliter of hygromycin B [2].
4.5.1. Talent placing the 15 milliliter conical tube into the centrifuge.
4.5.2. Talent preparing a T150 tissue culture-treated flask with complete Dulbecco's Modified Eagle Medium supplemented with 250 micrograms per milliliter of hygromycin B.
4.6. Aspirate and discard the supernatant without disturbing the cell pellet [1]. Resuspend the cell pellet in 10 milliliters of complete Dulbecco's Modified Eagle Medium supplemented with 250 micrograms per milliliter of hygromycin B [2].
4.6.1. Talent aspirating and discarding the supernatant while leaving the cell pellet undisturbed.
4.6.2. Talent resuspending the cell pellet in complete Dulbecco's Modified Eagle Medium supplemented with 250 micrograms per milliliter of hygromycin B.
4.7. Transfer the 10 milliliter cell suspension into the prepared T150 tissue culture-treated flask containing 20 milliliters of the selection medium [1]. Gently rock the flask to distribute the cells evenly [2]. Incubate the cells under the selection for 3 days [3].
4.7.1. Talent transferring the cell suspension into the prepared T150 tissue culture-treated flask.
4.7.2. Talent gently rocking the T150 tissue culture-treated flask.
4.7.3. Talent placing the T150 tissue culture-treated flask into the incubator.
4.8. On day 3 of the selection, aspirate the selection medium [1]. Replace it with 30 milliliters of fresh complete Dulbecco's Modified Eagle Medium supplemented with 250 micrograms per milliliter of hygromycin B [2]. Continue incubating the cells until the surviving cell monolayer reaches approximately 90% confluence, typically after an additional 4 days [3].
4.8.1. Talent aspirating the selection medium from the T150 tissue culture-treated flask.
4.8.2. Talent adding fresh complete Dulbecco's Modified Eagle Medium supplemented with 250 micrograms per milliliter of hygromycin B to the T150 tissue culture-treated flask.
4.8.3. Talent placing the T150 tissue culture-treated flask into the incubator.



5. Validation of Cas9 Clearance and In Trans CUL4B Rescue

Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Seed the early-passage HEK293ΔCUL4B cells stably expressing a Cas9-targeting guide ribonucleic acid, hereafter referred to as the HEK293ΔCUL4BΔcas9 cells, into 4 wells of a 6-well tissue culture-treated plate at a density of 2.5 × 105 cells per well [1].	Comment by Poornima  G: Authors: How would you pronounce this?
5.1.1. WIDE: Talent seeding the HEK293ΔCUL4BΔcas9 cells into 4 wells of a 6-well tissue culture-treated plate.
5.2. Seed the HEK293ΔCUL4B cells into 4 wells of a separate 6-well tissue culture-treated plate [1]. Seed the parental HEK293 cells into at least 1 additional well to serve as a control [2]. Incubate all the cultures for 12 hours to allow complete cell attachment and active proliferation [3].
5.2.1. Talent seeding the HEK293ΔCUL4B cells into a separate 6-well tissue culture-treated plate.
5.2.2. Talent seeding the parental HEK293 cells into a control well.
5.2.3. Talent placing the 6-well tissue culture-treated plates into the incubator.
5.3. Prepare the calcium phosphate transfection mixtures containing 0, 0.5, 1.0, or 2.0 micrograms of pCMV-FLAG-CUL4B [1]. Adjust each mixture to a constant total of 10 micrograms of plasmid deoxyribonucleic acid by adding an empty pCMV vector [2].
5.3.1. Talent preparing the calcium phosphate transfection mixtures containing the specified amounts of pCMV-FLAG-CUL4B.
5.3.2. Talent adding the empty pCMV vector to adjust each mixture to a total of 10 micrograms of plasmid deoxyribonucleic acid.
5.4. Dilute each deoxyribonucleic acid mixture in sterile molecular biology-grade water to a final volume of 180 microliters in a 1.5 milliliter microcentrifuge tube [1]. Add 20 microliters of 2.5 molar calcium chloride [2]. Then, add 200 microliters of 2× HEPES-buffered saline at pH 7.05 to obtain a final volume of 400 microliters [3]. Mix each calcium phosphate transfection solution thoroughly by gentle pipetting [4].
5.4.1. Talent adding the deoxyribonucleic acid mixture and the sterile molecular biology-grade water to a 1.5 milliliter microcentrifuge tube.
5.4.2. Talent adding 20 microliters of 2.5 molar calcium chloride to the microcentrifuge tube.
5.4.3. Talent adding 200 microliters of 2× HEPES-buffered saline to the microcentrifuge tube.
5.4.4. Talent gently pipetting each calcium phosphate transfection solution to mix thoroughly.
5.5. Add 200 microliters of each transfection mixture dropwise to the designated well containing the HEK293ΔCUL4BΔcas9 cells [1]. Change the pipette tips between the samples to prevent cross-contamination [2].
5.5.1. Talent adding 200 microliters of each transfection mixture dropwise to the designated wells containing the HEK293ΔCUL4BΔcas9 cells.
5.5.2. Talent changing the pipette tips between the samples.
5.6. Add the remaining 200 microliters of each corresponding transfection mixture dropwise to the designated well containing the HEK293ΔCUL4B cells [1]. Incubate the transfected cultures for 12 hours [2]. Aspirate the culture medium from each well [3]. 
5.6.1. Talent adding the remaining 200 microliters of each corresponding transfection mixture dropwise to the designated wells containing the HEK293ΔCUL4B cells.
5.6.2. Talent placing the 6-well tissue culture-treated plates into the incubator.
5.6.3. Talent aspirating the culture medium from each well.
5.7. Wash the cells once with 1 milliliter of room-temperature sterile 1× PBS [1]. After discarding the PBS, add 2 milliliters of fresh room-temperature complete Dulbecco's Modified Eagle Medium to each well [2].
5.7.1. Talent washing the cells with 1 milliliter of room-temperature sterile 1× PBS.
5.7.2. Talent adding fresh room-temperature complete Dulbecco's Modified Eagle Medium to each well.
5.8. Incubate the cultures for an additional 24 hours to allow the CUL4B expression and the downstream functional responses [1]. Finally, harvest the cells using standard trypsinization procedures [2]. Lyse the cells and perform SDS-PAGE followed by Western blotting to analyze the expression of the desired proteins [3-TXT].
5.8.1. Talent placing the 6-well tissue culture-treated plates into the incubator.
5.8.2. Talent harvesting the cells using the standard trypsinization procedures.
5.8.3. Talent loading a gel and then placing a gel on the PDVF membrane for transfer. TXT: CUL4B, Cas9, WDR5, CDC6, or α-TUBULIN










Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· 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: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Survival during the hygromycin B selection confirmed successful lentiviral transduction [1], and the subsequent western blot analysis verified Cas9 ablation [2].
6.1.1. LAB MEDIA: Figure 1. Video editor: Highlight the culture dish labelled 'select transduced cells'.
6.1.2. LAB MEDIA: Figure 1. Video editor: Highlight the western blot labelled 'Cas9 KO' and 'pre-Cas9 KO'.
6.2. CUL4B protein was readily detected in the parental HEK293 cells [1] but was absent from the empty vector-transfected HEK293ΔCUL4B and HEK293ΔCUL4BΔcas9 cells [2]. Consistent with the loss of CUL4B, WDR5 exhibited the expected increase in steady-state expression [3], and CDC6 exhibited the expected decrease in steady-state expression [4], confirming the disruption of CUL4B function.
6.2.1. LAB MEDIA: Figure 2B. Video editor: Highlight the CUL4B band in the lane labelled 'parental'.
6.2.2. LAB MEDIA: Figure 2B. Video editor: Highlight the CUL4B bands in the lanes labelled 'ΔCUL4B' and 'ΔCUL4B Δcas9' with 0 micrograms pCMV FLAG-CUL4B.
6.2.3. LAB MEDIA: Figure 2B. Video editor: Highlight the WDR5 row in the lanes labelled 'ΔCUL4B' and 'ΔCUL4B Δcas9'.
6.2.4. LAB MEDIA: Figure 2B. Video editor: Highlight the CDC6 row in the lanes labelled 'ΔCUL4B' and 'ΔCUL4B Δcas9'.
6.3. Cas9 protein was detected in the HEK293ΔCUL4B cells [1] but was undetectable in the parental HEK293 and HEK293ΔCUL4BΔcas9 cells [2], confirming successful Cas9 ablation.
6.3.1. LAB MEDIA: Figure 2B. Video editor: Highlight the Cas9 band in the lanes labelled 'ΔCUL4B'.
6.3.2. LAB MEDIA: Figure 2B. Video editor: Highlight the Cas9 row in the lanes labelled 'parental' and 'ΔCUL4B Δcas9' where no band is visible.
6.4. As expected, transfection of the CUL4B expression plasmid into the HEK293ΔCUL4B cells resulted in only minimal restoration of CUL4B protein expression [1]. In contrast, robust CUL4B expression was observed following transfection of the HEK293ΔCUL4BΔcas9 cells [2], accompanied by reduced WDR5 levels [3] and increased CDC6 levels [4].
6.4.1. LAB MEDIA: Figure 2B. Video editor: Highlight the CUL4B bands in the lanes labelled 'ΔCUL4B' with 1 microgram pCMV FLAG-CUL4B.
6.4.2. LAB MEDIA: Figure 2B. Video editor: Highlight the CUL4B bands in the lanes labelled 'ΔCUL4B Δcas9' with 1 microgram pCMV FLAG-CUL4B.
6.4.3. LAB MEDIA: Figure 2B. Video editor: Highlight the WDR5 row in the lanes labelled 'ΔCUL4B Δcas9' with 1 microgram pCMV FLAG-CUL4B.
6.4.4. LAB MEDIA: Figure 2B. Video editor: Highlight the CDC6 row in the lanes labelled 'ΔCUL4B Δcas9' with 1 microgram pCMV FLAG-CUL4B.
6.5. Together, these findings demonstrated that Cas9 ablation permitted efficient restoration of CUL4B expression and function [1] by preventing Cas9-mediated cleavage of the rescue plasmid [2].
6.5.1. LAB MEDIA: Figure 2A. Video editor: Highlight the lower transfection workflow labelled 'HEK293ΔCUL4BΔcas9' leading to the western blot analysis.
6.5.2. LAB MEDIA: Figure 2B. Video editor: Highlight the restored CUL4B, reduced WDR5, and increased CDC6 bands in the lanes labelled 'ΔCUL4B Δcas9' with 1 microgram pCMV FLAG-CUL4B.
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