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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

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? 

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

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


Current Protocol Length

Number of Steps:  26
Number of Shots:  54

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Ricardo Marius: This method provides a way of answering the most important question concerning the SARS-CoV-2 vaccines under development – is the vaccine able to elicit a neutralizing antibody response?
1.1.1. [bookmark: _Hlk68622000]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Taylor Jamieson: The main advantage of this technique is that it can be done in a containment level 2 facility. It is also relatively fast and inexpensive and therefore, well suited to analyzing many samples at once. 
1.2.1. [bookmark: _Hlk68622329][bookmark: _Hlk68620831]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 5.3.1


Introduction of Demonstrator on Camera

1.3. Dr. Carolina Ilkow: Demonstrating the neutralization assay procedure today will be Xiaohong He and Ricardo Marius, senior technicians in our laboratory, along with Taylor Jamieson, a PhD student and Dr. Joanna Poutou, a postdoctoral fellow. 
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrators look up from workbench or desk or microscope and acknowledge the camera.

Ethics Title Card
1.4. Procedures involving human subjects have been approved by the Research Ethics Board at the Ottawa Hospital Research Institute.
 


Protocol
2. Plating and Maintenance of Vero E6 Cells 
2.1. Begin by culturing Vero E6 (E-six) cells in DMEM (D-M-E-M) supplemented with 10% FBS (F-B-S) at 37 degrees Celsius and 5% carbon dioxide [1-TXT]. To passage the cells, first wash them by adding 10 milliliters of PBS and gently rocking the dish 4 to 5 times [2].
2.1.1. WIDE: Establishing shot of talent removing a culture dish of Vero cells from the incubator. TEXT: See text for all medium and solution preparation details
2.1.2. Talent adding PBS to dish and gently rocking it.

2.2. After aspirating the PBS, add 3 milliliters of trypsin-EDTA (E-D-T-A) and rock the dish to ensure that the entire surface is covered [1] before incubating it at 37 degrees Celsius [2].
2.2.1. Talent adding trypsin-EDTA and rocking the dish.
2.2.2. Talent placing the dish in the incubator. 

2.3. Once the cells have detached, deactivate the trypsin by adding 7 milliliters of DMEM supplemented with 10% FBS [1], then resuspend the cells by pipetting up and down several times [2]. 
2.3.1. Talent adding 7 mL of DMEM.
2.3.2. Talent resuspending cells.

2.4. Remove the trypsin by centrifugation [1-TXT] and aspirate the supernatant without disturbing the cell pellet [2] before resuspending the cells in 10 milliliters of fresh DMEM [3]. 
2.4.1. Talent placing the cells in the centrifuge. TEXT: 5 min, 500 x g, RT
2.4.2. Talent aspirating supernatant.
2.4.3. Talent adding 10 mL of DMEM and resuspending the cells.

2.5. After counting, add approximately 1 × 107 cells to each 15-centimeter plate [1] and incubate the culture for 1-2 days until the cells are 100% confluent [2].
2.5.1. Talent adding cells to 15 cm plates, with hemocytometer visible in frame.
2.5.2. Talent placing the plates in the incubator. 
3. [bookmark: _Hlk68110181]Preparing the Vesicular Stomatitis Virus-Spike-EGFP (VSV-S-EGFP) Pseudovirus 
3.1. To prepare the VSV-Spike-EGFP (V-S-V-Spike-E-G-F-P) pseudovirus for titering, infect the cells at a 0.01 multiplicity of infection with the stock virus diluted in 12 milliliters of serum-free DMEM [1]. After adding the virus, incubate the cells for 1 hour at 37 degrees Celsius and 5% carbon dioxide with occasional rocking [2]. 
3.1.1. WIDE: Talent adding the stock virus to the cells. 
3.1.2. Talent placing the infected cells in the incubator.

3.2. At the end of the incubation, replace the inoculum with fresh DMEM supplemented with 2% FBS and 20 millimolar HEPES (heeps) [1], then incubate the cells at 34 degrees Celsius and 5% carbon dioxide for 24 hours [2].
3.2.1. Talent adding fresh DMEM.
3.2.2. Talent placing the cells in an incubator.

3.3. The next day, use a fluorescent microscope to visualize the eGFP (E-G-F-P) expression of the infected cells [1]. Once an extensive cytopathic effect and cell detachment are observed [2], collect the culture supernatant [3-TXT] and remove the debris by centrifugation [4-TXT]. Videographer: This step is important!
3.3.1. Talent visualizing the cells under a fluorescent microscope.
3.3.2. LAB MEDIA: Infected_cells_eGFP. 
3.3.3. Talent collecting cell supernatants. TEXT: Approximately 48 h post-infection
3.3.4. Talent placing the supernatant into the centrifuge. TEXT: 5 min, 1000 x g, 4 °C

3.4. To avoid multiple freeze-thaw cycles, aliquot the supernatant before storage at minus 80 degrees Celsius [1-TXT].
3.4.1. Talent aliquoting the supernatant. TEXT: 100 µL – 1mL aliquots depending on no. of plates to be run/day

4. Titering the VSV-S-eGFP Pseudovirus
4.1. To determine the viral titer, plate Vero E6 cells in 6-well plates at a seeding density of 6 × 105 cells per well [1] and incubate overnight [2].
4.1.1. WIDE: Talent adding the cells to the 6-well plate.
4.1.2. Talent placing the plate in an incubator.

4.2. The next day, set up a 10-fold serial dilution series of the viral stock by adding 900 microliters of medium to seven microcentrifuge tubes [1] and adding 100 microliters of viral stock to the first tube [2].
4.2.1. Seven labelled tubes in view, talent adding media to the first 2-3 tubes.
4.2.2. Talent adding viral stock to the first tube.

4.3. After brief vortexing, transfer 100 microliters of diluted virus to each subsequent tube [1], vortexing between each tube [2]. Then replace the supernatant in each well of the Vero E6 culture place with 500 microliters of the 10-2 to 10-7 viral dilutions [3].
4.3.1. Talent transferring 100 µl of virus from tube 1 to tube 2.
4.3.2. Talent vortexing tube 2.
4.3.3. Talent adding viral dilutions to the wells.

4.4. After a 45-minute incubation in the cell culture incubator with gentle rocking every 15 minutes [1], replace the inoculum with an overlay solution [2] and incubate the cells at 34 degrees Celsius with 5% carbon dioxide for 48 hours [3].
4.4.1. Talent rocking plate in incubator.
4.4.2. Talent adding the overlay solution. 
4.4.3. Talent placing the plate in the incubator.

4.5. At the end of the incubation, to visualize the plaques by crystal violet staining, wash the cells one time with PBS [1] before adding 2 milliliters of 0.1% crystal violet to each well [2]. 
4.5.1. Talent adding PBS to the wells.
4.5.2. Talent adding crystal violet to the wells. 

4.6. Place the plate on a rocker for approximately 20 minutes at room temperature [1] before gently washing each well two times with PBS [2]. Videographer: This step is important!
4.6.1. Plate rocking on rocker.
4.6.2. Talent washing well with PBS.

4.7. After the last wash, allow the plates to air dry for at least 1 hour [1] before using the formula as indicated to calculate the titer of the virus in each well in plaque-forming units per milliliter [2-TXT].
4.7.1. Shot of plate left to dry.
4.7.2. BLACK TEXT WHITE BACKGROUND: 



5. Neutralizing SARS-CoV-2 Pseudovirus using Convalescent Patient Serum and Commercial Antibodies
5.1. To plate cells for a neutralization assay, use a multichannel pipette to add 100 microliters of Vero E6 cells to each well of a 96-well plate at a density of 2 × 105 cells per milliliter [1-TXT] and incubate the plate for 24 hours at 37 degrees Celsius and 5% carbon dioxide [2].
5.1.1. WIDE: Talent adding cells to the 96-well plate. TEXT: ≥2 replicates/well
5.1.2. Talent putting the plate in the incubator.

5.2. The following day, heat-inactivate the patient serum samples to be tested in a 56-degree Celsius water bath for 30 minutes [1].
5.2.1. Talent placing the serum samples in the water bath.

5.3. Then, set up a 10-fold dilution series of the patient serum samples in an empty 96-well tissue culture plate by adding 8 microliters of the serum to 72 microliters of serum-free DMEM with antibiotics in each well of Row A [1-TXT]. Videographer: This step is important!
5.3.1. Talent adding 8 µl of the serum samples to row A of the 96-well plate. TEXT: For commercial antibodies, use manufacturer recommended concentrations

5.4. Then, add 40 microliters of serum-free DMEM to each well of rows B to G [1] and 80 microliters to each well of row H [2]. Videographer: This step is important!
5.4.1. Talent adding medium to well in rows B-G.
5.4.2. Talent adding medium to well in row H.

5.5. Using a 12-well multichannel pipette, mix the samples in row A, then transfer 40 microliters of the sample from each well of row A to each well of row B [1]. After mixing, repeat the dilution for each subsequent row of wells until row F [2-TXT]. 
5.5.1. Talent mixing the serum in row A, transferring 40 μL from row A to B. 
5.5.2. Sample being mixed, then being added from row B to C. TEXT: After mixing, discard 40 µL from row F

5.6. Next, add 40 microliters of VSV-Spike-eGFP at 0.05 multiplicity of infection to each well in rows A to G [1-TXT] and mix by pipetting 4 to 5 times [2] before incubating the plate for 1 hour at 37 degrees Celsius and 5% carbon-dioxide [3].
5.6.1. Talent adding virus to row A to G. TEXT: Row G: Virus only; Row H: Cells only
5.6.2. Talent mixing the virus by pipetting.
5.6.3. Talent placing the plate in the incubator.

5.7. At the end of the incubation, carefully aspirate the supernatant from each well of the Vero E6 culture plate [1] and transfer 60 microliters of antibody-virus mixture from each well of the sample dilution plate to the corresponding well of the cell culture plate [2]. 
5.7.1. Talent removing the supernatant from the culture plate.
5.7.2. Talent transferring antibody-virus mixture from Plate 1 to Plate 2.

5.8. When all the samples have been transferred, place the cell culture plate at 37 degrees Celsius and 5% carbon dioxide for 1 hour with rocking every 20 minutes [1].
5.8.1. Talent rocking plate in incubator.

5.9. After the incubation is complete, add 140 microliters of carboxymethyl cellulose overlay solution to each well of the cell culture plate [1] and transfer the plate to a 34 degree Celsius- and 5% carbon dioxide-incubator [2].
5.9.1. Talent adding overlay to cell culture plate. 
5.9.2. Talent placing the plate in an incubator.

5.10. After 24 hours, image the plates on an automated fluorescent imager at a 488-nanometer wavelength [1] and use the automated counting feature of the imager to quantify the individual eGFP foci [2-TXT]. Videographer: This step is important!
5.10.1. Talent placing the plate under the imaging microscope.  
5.10.2. Talent at the computer, counting eGFP foci, monitor in frame. TEXT: Alternative: Quantify virally infected cells in ImageJ 


Results
6. Results: SARS-CoV-2 Pseudovirus Neutralization by Commercial Antibodies and Convalescent Patient Serum
6.1. In this representative example [1], a commercially available neutralizing antibody against the SARS-CoV-2 (sarz-coronavirus-two) Spike receptor binding domain was used as a positive control [2] alongside IgG (eye-G-G) as a negative control [3]. The percent inhibition was calculated [4] based on the number of eGFP foci detected via fluorescent imaging [5].
6.1.1. LAB MEDIA: Figure 2A.
6.1.2. [bookmark: _Hlk68098449]LAB MEDIA: Figure 2A. Video Editor: Emphasize the purple curve
6.1.3. LAB MEDIA: Figure 2A. Video Editor: Emphasize the black curve
6.1.4. LAB MEDIA: Figure 2B. 
6.1.5. LAB MEDIA: Figure 2B. Video Editor: Emphasize the absence of fluorescent foci at high concentrations of Spike neutralizing ab replicates

6.2. Pseudovirus neutralization by convalescent patient samples collected approximately three months post SARS-CoV-2 infection [1] showed that hospitalized patients demonstrated an increased neutralizing capacity [2] compared to those who did not require hospitalization [3].
6.2.1. LAB MEDIA: Figure 3A.
6.2.2. LAB MEDIA: Figure 3A. Video Editor: Emphasize the purple curves
6.2.3. LAB MEDIA: Figure 3A. Video Editor: Emphasize the blue curves




Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Joanna Poutou: This procedure can also be adapted to evaluate the ability of other types of COVID-19 prevention and therapeutic agents that aim to block viral infection.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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