[image: ] FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 59010
Scriptwriter Name: Leila Shokri
Project Page Link: http://www.jove.com/files_upload.php?src=17998098

Title: Production of Pseudotyped Particles to Study Highly Pathogenic Coronaviruses in a Biosafety Level 2 Setting

Authors and Affiliations: 
Jean K. Millet1,2, Tiffany Tang3, Lakshmi Nathan3, Javier A. Jaimes4, Hung-Lun Hsu3,5, Susan Daniel3, Gary R. Whittaker1

1Department of Microbiology and Immunology, College of Veterinary Medicine, Cornell University, Ithaca, NY, United States
2Present address: INRA, Virologie et Immunologie Moléculaires, Domaine de Vilvert, Jouy-en-Josas, France
3Robert Frederick Smith School of Chemical and Biomolecular Engineering, Cornell University, Ithaca, NY, United States
4Department of Microbiology, College of Agricultural and Life Sciences, Cornell University, Ithaca, NY, United States 
5Present address: Horae Gene Therapy Center, University of Massachusetts Medical School, Worcester, MA, United States


Corresponding Author: 

Gary R. Whittaker		gary.whittaker@cornell.edu 

Email addresses for Co-authors: 

Jean K. Millet 			jean.millet@inra.fr
Tiffany Tang 			tt528@cornell.edu
Lakshmi Nathan 		ln258@cornell.edu
Javier A. Jaimes 		jaj246@cornell.edu
Hung-Lun Hsu 		hh536@cornell.edu
Susan Daniel 			sd386@cornell.edu








Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) Movies No/Images Yes
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope. Zeiss Axiovert 200 (inverted) connected through a PC.

2. Does your protocol include software usage? (Y/N) N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2.2., 2.4.3., 3.2.1., 3.6.1., 5.2.2. 6.4.1.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.1.1 The transfection calculations must be carefully prepared and checked. Measuring of all the solutions needs to be accurate and tubes must be well-mixed.
3.2.1 Minimize contact between the transfection reagent and plastics. The choice of transfection reagent can also dramatically impact the success of the procedure. 

5. Will the filming need to take place in multiple locations? (Y/N) N
Same floor, rooms located 10-15 meters away (Cornell University)
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera) 

1.1. Gary Whittaker: This protocol allows researchers to generate pseudotyped viruses that can be safely used to study viral entry events of highly pathogenic viruses such as SARS-CoV and MERS-CoV [1].

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

1.2. Gary Whittaker: This versatile technique is based on an easy to setup transient transfection [1].

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


OPTIONAL Interview Statements: (Said by you on camera) 

1.3. Gary Whittaker: This system can also be applied to produce particles pseudotyped with fusion proteins of other viruses, not just coronavirus S [1].

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

1.4. Gary Whittaker: For best results, it is important to monitor cell health and density for transfection as well as for pseudotyped virus infection [1].

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

Introduction of Demonstrator: (Said by you on camera)

1.5. Gary Whittaker: Demonstrating the procedure will be Tiffany Tang and Lakshmi Nathan, graduate students from my laboratory [1][2].

1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Section - Protocol
2. Cell Seeding for Pseudotyped Particle Production
2.1. To begin, carefully wash HEK-293T (“h·​e·​k·​two·​ninety·​three·​t”) cells with 10 milliliters of 37 degrees Celsius pre-warmed DPBS, twice [1-TXT]. 
2.1.1. CU: Talent washes cells with the DPBS once. TEXT: Dulbecco’s Phosphate Buffered Saline Video editor: Please show text overlay when VO says, “DPBS”. 
2.2. Next, aspirate the supernatant and detach cells with 1 milliliter of 25 percent trypsin solution that has been pre-warmed at 37 degrees Celsius [1]. Then, incubate the flask of cells at 37 degrees Celsius in 5 percent carbon dioxide environment for 3 to 5 minutes, until cells start detaching [2].
2.2.1. CU: Talent aspirates supernatant of cells with a Pasteur pipette attached to a vacuum, and then adds 1 mL of trypsin solution”
2.2.2. MED: Talent transfers cells into an incubator. Show a timer set to count down from 5 minutes in the shot.
2.3. Add 4 milliliters of complete DMEM (“d·​m·​e·​m”) to deactivate the trypsin solution [1-TXT], and then count cells using a cell counting slide and a light microscope [2][3].
2.3.1. CU: Talent adds the medium to cells. TEXT: See manuscript for media composition Video editor: Please show text overlay when VO says, “DMEM-C”. 
2.3.2. CU: Talent adds cells to a cell counting slide, and puts the slide on a microscope stage. 
2.3.3. SCOPE: Show the trypsinized cells. 
2.4. Dilute cells to 500 thousand cells per milliliter with complete DMEM [1]. Next, seed 2- milliliter per well of the cell solution in a 6-well tissue culture plate [2], and gently move the plate back and forth and side to side to evenly distribute cells [3]. 
2.4.1. CU: Talent adds appropriate volume of DMEM-C to cell solution to obtain 500,000 cells/mL. 
2.4.2. CU: Talent adds the cells to a couple of wells.
2.4.3. CU: Talent moves the plate back and forth and side to side.
2.5. After making sure that cells are evenly distributed, incubate the plate at 37 degrees Celsius in 5 percent carbon dioxide environment overnight or 16 to 18 hours [1].
2.5.1. MED: Talent transfers the plate into an incubator. 
3. Three-Plasmid Co-Transfection 
3.1. To perform three-plasmid co-transfection, first mix calculated volumes of plasmids and the reduced-serum cell culture medium in a microcentrifuge tube. Incubate the mixture at room temperature for 5 minutes [1-TXT]. 
3.1.1. CU: Talent adds the plasmids and the medium to a microcentrifuge tube, pipettes up and down few times, and leaves the tube at room temperature. Show a timer set to count down from 5 minutes in the shot. TEXT: See manuscript for more details Video editor: Please show text overlay when VO says, “calculated volumes of plasmids and the reduced-serum cell culture medium”. 
3.2. Then, add 3 microliters per well of the lipid-based transfection reagent to 47 microliters per well of the reduced-serum cell culture medium… in a microcentrifuge tube. Incubate the mixture at room temperature for 5 minutes [1-TXT]. 
3.2.1. CU: Talent adds transfection reagent to the medium in a microcentrifuge tube, pipettes up and down few times, and leaves the tube at room temperature. Show a timer set to count down from 5 minutes in the shot. TEXT: Add transfection reagent to the reduced-serum medium, not the other way around
3.3. Next, mix equal amounts of the transfection reagent and the plasmids solutions by pipetting up and down several times. Incubate the mixture at room temperature for 20 minutes [1-TXT]. 
3.3.1. CU: Talent adds equal amount of both mixes to a tube, pipettes up and down few times, and leaves the tube at room temperature. Show a timer set to count down from 20 minutes in the shot. TEXT: 50 µL/well of each solution Video editor: Please show text overlay when VO says, “equal amount of both mixes to a tube”. 
3.4. After overnight incubation of the cell plate, use an inverted light microscope to examine cells for their morphology and density [1]. 
3.4.1. SCOPE: Show the cells in the 40-60% confluency range.
3.5. Then, aspirate the spent medium of cells [1], and gently add 1-milliliter per well of the pre-warmed reduced-serum cell culture medium to each well [2-TXT].
3.5.1. CU: Talent uses a Pasteur pipettes connected to a vacuum to discard the supernatant. 
3.5.2. CU: Talent adds 1 ml of the medium to few wells. TEXT: 37 degrees Celsius Video editor: Please show text overlay when VO says, “the pre-warmed reduced-serum cell culture medium”.
3.6. Next, add 100 microliters of the transfection solution to each well dropwise [1], and incubate the cells at 37 degrees Celsius in 5 percent carbon dioxide for 4 to 6 hours [2].
3.6.1. CU: Talent adds the transfection mix to a few wells.
3.6.2. MED: Talent transfers the plate into an incubator. 
3.7. At the end of the incubation, add 1-milliliter of pre-warmed antibiotic-free transfection DMEM at 37 degrees Celsius… to each well [1-TXT], and incubate the cells at 37 degrees Celsius in 5 percent carbon dioxide for 48 hours [2].
3.7.1. CU: Talent adds the medium to a few wells. TEXT: See manuscript for media composition Video editor: Please show text overlay when VO says, “pre-warmed antibiotic-free DMEM-T medium”.
3.7.2. MED: Talent transfers the plate into an incubator. 
4. Pseudotyped Particles Collection
4.1. To begin pseudotyped particles collection, use an inverted light microscope to examine the cells for their morphology and general condition. The color of the medium should be light pink or slightly orange [1][2].
4.1.1. SCOPE: Show the cells. 
4.1.2. ECU: Show the color of the medium. 
4.1.3. Then, transfer the supernatants of the transfected cells to 50-milliliter conical centrifuge tubes [1]. Centrifuge the tubes at 290 times gravity for 7 minutes to remove cell debris [2].
4.1.4. CU: Talent transfers the supernatant to a 50ml tube. 
4.1.5. MED: Talent transfers the tube into a centrifuge. Show a timer set to count down from 7 minutes in the shot.
4.2. Next, filter clarified supernatants through a sterile 0.45-micron pore-sized filter [1]. Make small volume aliquots of pseudotyped virus solution in cryovials [2], and store them at -80 degrees Celsius [3]. 
4.2.1. CU: Talent filters the supernatant through a 0.45-micron pore-sized filter into a 50ml tube.
4.2.2. CU: Talent pipettes 1 ml of the filtered solution into 2ml cryovials
4.2.3. MED: Talent transfers the cryovials into a -80°C freezer. 
5. Pseudotyped Particle Infection
5.1. To perform pseudotyped particle infection, first examine cells under light microscope to confirm that there is a confluent carpet of cells [1]. Then, wash the cells three times with 0.5 milliliters of the pre-warmed DPBS at 37 degrees Celsius [2]. 
5.1.1. SCOPE: Show the cells. 
5.1.2. CU: Talent does few actions to wash the cells once.
5.2. Next, aspirate the supernatants of cells [1], and inoculate the cells with 200 microliters of the thawed pseudotyped particle solution [2]. Incubate the cells at 37 degrees Celsius in 5 percent carbon dioxide for 1 to 2 hours [3].
5.2.1. CU: Talent pipettes off the supernatant. 
5.2.2. CU: Talent adds 200 microliters of the pseudotyped particle solution to cells.
5.2.3. MED: Talent transfers the plate into an incubator. Videographer: Please obtain multiple takes, this is repeated.
5.3. After the incubation period, add 300 microliters of the pre-warmed DMEM-C at 37 degrees Celsius [1], and incubate the infected cells at 37 degrees Celsius in 5 percent carbon dioxide for 72 hours [2].
5.3.1. CU: Talent adds 300 microliters of the medium to cell.
5.3.2. Reuse 5.2.3. 
5.4. Finally, aspirate the supernatants of the infected cells, and proceed to luciferase reporter assay [1].
5.4.1. [Added shot]: [Videographer note]: Shot as written.
6. Infectivity Quantification by Luciferase Assay Readout
6.1. To quantify the infectivity of pseudotyped particles, first thaw luciferin (“lu·​cif·​er·​in”) substrate … stored at minus 80 degrees Celsius, and 5x luciferase (“lu•cif•er•ase”) assay lysis buffer… stored at minus 20 degrees Celsius to room temperature [1]. Then, dilute the luciferase assay lysis buffer to 1x concentration with sterile water [2].
6.1.1. MED: Talent transfers both reagents to room temperature. 
6.1.2. CU: Talent does few actions to dilute the buffer.
6.2. Next, add 100 microliters of the diluted buffer to each well [1], and incubate at room temperature on a rocker for 15 minutes [1-TXT].
6.2.1. CU: Talent adds 100 l of the diluted buffer to few wells.
6.2.2. MED: Talent places the plate on a rocker at room temperature. Show a timer set to count down from 15 minutes in the shot. TEXT: Plate can be handled outside the biosafety cabinet
6.3. To perform luciferase (“lu·​cif·​er·​ase”) activity measurement, one well at a time, first, add 20 microliters of luciferin substrate to a microcentrifuge tube. Then, add 10 microliters of the lysate to the tube [1]. 
6.3.1. CU: Talent adds 20 l of luciferin substrate to a microcentrifuge tube, and then adds 10 l of the lysate from one well to the same tube.
6.4. Mix the contents by gently flicking the tubes [1-TXT], and place the tube in a luminometer (“lu·​mi·​nom·​e·​ter”) device. Close the lid [2], and measure the luminescence value of the tube [3]. 
6.4.1. ECU: Talent flicks the tube by finger few times. TEXT: Avoid displacing the liquid on walls of the tube
6.4.2. MED: Talent transfers the tube to a luminometer device, and closes the lid. 
6.4.3. CU: Show the luminescence value. 
6.5. Record the relative light unit’s measurement [1-TXT], and proceed to data analysis.
6.5.1. CU: Show the relative light unit’s measurement. TEXT: Repeat the luciferase activity measurement for all wells





Section – Results
7. Results: Infectivity Assays of SARS-CoV S and MERS-CoV S Pseudotyped Particles 
7.1. Infectivity assays of SARS-Spp (“sars (one word) s·​p·​p”) and MERS-Spp (“mers (one word) s·​p·​p”) in susceptible host cells … showed a strong average infectivity compared to the expected positive control particles [1], non-infected controls [2], and the negative control particles lacking viral envelope glycoproteins [3]. 
7.1.1. LM: Figure 1A and 1B: Video editor: Please emphasize red and blue bars of figure 1A and yellow and blue bars of figure 1B, when VO says “compared to the expected positive control particles”. 
7.1.2. LM: Figure 1A and 1B: Video editor: Please emphasize red and light gray bars of figure 1A and yellow and light gray bars of figure 1B, when VO says “non-infected control”.
7.1.3. LM: Figure 1A and 1B: Video editor: Please emphasize red and dark gray bars of figure 1A and yellow and dark gray bars of figure 1B, when VO says “negative control particles lacking viral envelope glycoproteins”.
7.2. Also, luciferase activity assays showed concentration-dependence of SARS-Spp and MERS-Spp infectivity [1]. 
7.2.1. LM: Figure 2A. Video editor: Please emphasize bars 3 to 6, figure 1A when VO says “SARS-CoV S”, and bars 7 to 10, figure 1A when VO says “MERS-CoV S”.
7.3. An increase of SARS-Spp or MERS-Spp infectivity in poorly permissive target cells… transfected to express ACE2 (“ace·two”) receptor of SARS-Spp, or DPP4 (“d·p·p·four”) receptor of MERS-Spp … confirms that receptor usage of pseudovirions (“pseu·​do·​vi·​ri·​on”) is similar to that of native viruses for mediating attachment and entry of pseudovirions [1].
7.3.1. [bookmark: _GoBack]LM: Figure 2B: Video editor: Please emphasize bars 2 and 3 when VO says, “An increase of SARS-Spp”. Emphasize bars 4 and 5 when VO says, “or MERS-Spp infectivity”. 

Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) 
8.1. Tiffany Tang: (Step: 3.1.1) Double-check calculations prior to performing this step and make sure all solutions are mixed well during the step [1]. 
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
8.2. Tiffany Tang:  A western blot assay can be performed on concentrated pseudotyped particles to assess S glycoprotein incorporation into pseudovirions [1]. 
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
8.3. Lakshmi Nathan: While the pseudotyped particles described here are safer surrogates than native viruses, they still require being handled in biosafety level 2 setting [1]. 
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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