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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  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No 

Videographer: The shots labeled as SCREEN are supposed to be captured as screen recordings, but the authors answered NO to the software usage question. Hence, please film the computer screen for these shots. If these are not software-operated and are managed by a touch display, please film the display.  

3. Filming location: Will the filming need to take place in multiple locations?   No

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:  17
Number of Shots:  24 

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

Authors: Statements have been modified for length and clarity. 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. Christopher Veeck: We develop antiviral strategies against highly pathogenic viruses, asking how targeted protein degradation differs from and improves upon conventional inhibition.
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. Christopher Veeck: Most degraders combine enzymatic inhibition and protein degradation, obscuring their mechanisms; this protocol distinguishes these effects through time-resolved activity measurements.
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. Christopher Veeck: This assay quantifies a degrader’s direct enzymatic inhibition independently of cellular degradation machinery, distinguishing inhibitory potency from degradation efficiency.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Describe the most important consideration or challenge when performing this protocol.
1.4. Christopher Veeck: The key consideration is benchmarking results against established inhibitors to accurately interpret degrader effects on well-characterized viral enzymes.
1.4.1. 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.
1.5. Christopher Veeck: Future studies can use this tool to determine whether antiviral degraders achieve efficacy through enzymatic inhibition, targeted degradation, or both mechanisms. 
1.5.1. 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. Fluorescence-Based Measurement of SARS-CoV-2 Mpro Enzyme Activity
Demonstrator: Christopher Veeck 

2.1. Obtain purified SARS-CoV-2 Mpro (SARS-coh-v-two-m-pro) by expressing the recombinant protein in E. coli BL21 (b-l-twenty-one) Rosetta2 cells [1].	Comment by Lakshmi Priya: This step is added to give an intro to the video
2.1.1. WIDE: Shot of talent arranging the culture flask on the workbench.
2.2. Prepare a 3-micromolar stock solution [1] and a 300-micromolar stock solution of the peptide substrate in Mpro protein buffer, or MB (M-B) [2].
2.2.1. Talent adding the 3-micromolar purified Mpro stock solution in Mpro protein buffer.
2.2.2. Talent adding the 300-micromolar peptide substrate stock solution in Mpro protein buffer.
2.3. Prepare six two-fold serial dilutions of the Mpro stock solution in MB [1].
2.3.1. Talent pipetting the Mpro solution sequentially into labeled tubes for six two-fold serial dilutions.
2.4. Prepare three two-fold serial dilutions of the peptide substrate in MB [1].
2.4.1. Talent pipetting the peptide substrate sequentially into labeled tubes for three two-fold serial dilutions.
2.5. Preheat the plate reader to 37 degrees Celsius [1]. Set the excitation wavelength to 320 nanometres, the emission wavelength to 420 nanometres [2], and the acquisition interval to 60 seconds for a total measurement time of 60 minutes [3].
2.5.1. Talent preheating the plate reader to 37 degrees Celsius.
2.5.2. SCREEN: Excitation wavelength being set to 320 nanometers, an emission wavelength being set to 420 nanometers with a 20-nanometer bandwidth
2.5.3. SCREEN: Acquisition interval being set to 60 seconds, and the total measurement time being set to 60 minutes.
Videographer: Please film the computer screen as a backup
2.6. Add 25 microliters of each Mpro dilution to columns 1 to 6 of a black 96-well plate [1]. Add 25 microliters of MB to column 7 as the no-enzyme control [2].
2.6.1. Talent adding 25 microliters of each Mpro dilution to columns 1 through 6 of the black 96-well plate.
2.6.2. Talent adding 25 microliters of MB to column 7 as the no-enzyme control.
2.7. Add 100 microliters of MB to each well [1].
2.7.1. Talent adding 100 microliters of MB to each well of the black 96-well plate.
2.8. Add 25 microliters of the peptide substrate to rows A to C [1]. Add 25 microliters of MB to row D as the no-substrate control [2].
2.8.1. Talent adding 25 microliters of the peptide substrate to rows A to C.
2.8.2. Talent adding 25 microliters of MB to row D as the no-substrate control.
2.9. Immediately after adding the substrate, start fluorescence acquisition [1].
2.9.1. SCREEN: Fluorescence acquisition being started immediately after substrate addition.


3. FRET-Based SARS-CoV-2 Mpro Inhibition Assay
Demonstrator: Christopher Veeck 

3.1. Preheat the plate reader to 37 degrees Celsius [1]. Set the excitation wavelength to 320 nanometers, the emission wavelength to 420 nanometers with a 20-nanometer bandwidth, and the acquisition interval to 60 seconds for a total measurement time of 60 minutes [2].
3.1.1. Talent placing the plate into the plate reader.
3.1.2. SCREEN: Excitation wavelength being set to 320 nanometers, an emission wavelength being set to 420 nanometers with a 20-nanometer bandwidth
3.1.3. SCREEN: Acquisition interval being set to 60 seconds, and the total measurement time being set to 60 minutes.
3.2. Prepare a stock solution of purified Mpro, peptide substrate, and test compounds in MB [1].
3.2.1. Show a representative shot of talent adding peptide substrate into the tube containing MB.
3.3. Prepare serial dilutions of each test compound in DMSO while maintaining a constant final DMSO concentration in all samples [1]. Include dimethyl sulfoxide-only and buffer-only controls [2].
3.3.1. Talent pipetting each test compound sequentially into labeled tubes containing dimethyl sulfoxide to prepare serial dilutions.
3.3.2. Talent pipetting dimethyl sulfoxide into one control tube and Mpro protein buffer into a separate control tube.
3.4. Dilute each test compound or control in 100 microliters of MB [1]. Add 25 microliters of Mpro to achieve a final enzyme concentration of 500 nanomolar [2].
3.4.1. Talent adding the test compound or control to 100 µL of MB.
3.4.2. Talent adding 25 µL of Mpro to each reaction mixture.
3.5. Immediately transfer the reaction mixtures to the wells of a black 96-well plate [1].
3.5.1. Talent transferring the reaction mixtures into the wells of a black 96-well plate.
3.6. Add 25 microliters of the peptide substrate to each well to achieve a final substrate concentration of 50 micromolar [1].
3.6.1. Talent adding 25 µL of peptide substrate to each well of the black 96-well plate.
3.7. Immediately after adding the peptide substrate, start fluorescence acquisition [1].
3.7.1. SCREEN: Fluorescence acquisition being started on the plate reader.
3.8. Record fluorescence continuously for 60 minutes using the predefined acquisition settings [1].
3.8.1. SCREEN: Fluorescence data being acquired using the predefined settings.

3.8.2. 

Results

4. Results 

4.1. Increasing substrate concentrations increased initial fluorescence signals at time 0 [1], whereas lower substrate concentrations produced lower baseline fluorescence [2].
4.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the starting fluorescence values at time 0 across the four panels.
4.1.2. LAB MEDIA: Figure 2B, C. Video editor: Highlight the traces at time 0.
4.2. In the absence of substrate, only background fluorescence below 20 relative fluorescence units was detected [1].
4.2.1. LAB MEDIA: Figure 2D. 
4.3. Increasing enzyme concentrations increased substrate turnover and improved signal-to-noise ratios [1].
4.3.1. LAB MEDIA: Figure 2A. Video editor: Highlight all the coloured lines in the graph
4.4. The highest enzyme concentration reached a plateau after approximately 50 minutes [1].
4.4.1. LAB MEDIA: Figure 2A-C. Video editor: Circle and highlight the 500 nanomolar trace at 50 minutes.
4.5. The plateau occurred earlier at lower substrate concentrations [1] and later at higher substrate concentrations [2].
4.5.1. LAB MEDIA: Figure 2C. Video editor: Highlight the 500 nanomolar trace.
4.5.2. LAB MEDIA: Figure 2A. Video editor: Highlight the 500 nanomolar trace.
4.6. Lower enzyme concentrations remained linear and did not reach saturation within 60 minutes [1].
4.6.1. LAB MEDIA: Figure 2A-C. Video editor: Highlight the 15.6, 31.3, 62.5, and 125 nanomolar traces over the 60-minute measurement period.
4.7. DMSO had no measurable effect on enzyme activity [1] compared with the buffer control [2], and the mock control maintained a stable baseline fluorescence signal [3].
4.7.1. LAB MEDIA: Figure 3A–C. Video editor: Highlight the curve labeled DMSO 
4.7.2. LAB MEDIA: Figure 3A–C. Video editor: Highlight the curve labeled buffer.
4.7.3. LAB MEDIA: Figure 3A–C. Video editor: Highlight the magenta mock curve.
4.8. The inhibitor showed dose-dependent inhibition [1], with 10 micromolar causing the greatest reduction in substrate turnover [2], whereas lower concentrations produced progressively weaker inhibition [3].
4.8.1. LAB MEDIA: Figure 3A. Video editor: Highlight the red inhibitor curves labeled 10 µM, 1 µM, and 0.1 µM.
4.8.2. LAB MEDIA: Figure 3A. Video editor: Highlight the dark red curve labeled inhibitor (10 µM).
4.8.3. LAB MEDIA: Figure 3A. Video editor: Highlight the light red curves labeled inhibitor (1 µM) and inhibitor (0.1 µM).
4.9. The PROTAC [1] and the ligand caused only minor reductions in substrate turnover [2].
4.9.1. LAB MEDIA: Figure 3B. Video editor: Highlight the 3 blue PROTAC curves.
4.9.2. LAB MEDIA: Figure 3C. Video editor: Highlight the 3 green ligand curves.
4.10. Only the highest inhibitor concentration significantly reduced substrate turnover [1].
4.10.1. LAB MEDIA: Figure 4. Video editor: Highlight the bar labeled "inhibitor (10 µM)".
4.11. The mock control showed a slight decrease in fluorescence over time, most likely due to fluorophore photobleaching [1].
4.11.1. LAB MEDIA: Figure 4. Video editor: Highlight the mock bar.
4.12. A failed reaction exhibited a baseline exceeding 1,000 relative fluorescence units, or RFU (R-F-U) [1], and no substrate turnover [2].
4.12.1. LAB MEDIA: Figure 5A. Video editor: Circle and highlight all the traces at time 0 above 1,000 RFU.
4.12.2. LAB MEDIA: Figure 5A. Video editor: Highlight the flat traces across the graph.
4.13. The optimized assay maintained background fluorescence below 20 RFU [1].
4.13.1. LAB MEDIA: Figure 5B. Video editor: Highlight the traces below 20 RFU.
4.14. Dissolving the substrate in water caused abrupt increases in fluorescence, resulting in inaccurate estimates of effective substrate concentrations [1].
4.14.1. LAB MEDIA: Figure 5C. Video editor: Highlight the steep rise in the red H₂O curve.
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