[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 60663
Scriptwriter Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=18502263 

Title: Production of High-Titer Infectious Influenza Pseudotyped Particles with Envelope Glycoproteins from Highly Pathogenic H5N1 and Avian H7N9 Viruses

Authors and Affiliations: 

Fengwei Zhang1, Yanan Wang2, Xuechai Shang1, Shanshan Wang1, Rong Xiao1, Hongjuan Zhou1, Long Cai1

1Central Laboratory, Hang Zhou Red Cross Hospital, Hangzhou, China
2Clinical Laboratory, Yuhang District Maternity and Child Health Care Hospital, Hangzhou, China

Corresponding Author: 

Fengwei Zhang 	(Tome_Walker@zcmu.edu.cn)
Long Cai 		(cailong@hz.cn)

Email addresses for Co-authors: 

Yanan Wang 		(wynfy@163.com)
Xuechai Shang 	(57435685@qq.com)
Shanshan Wang 	(wangdshan@126.com)
Rong Xiao 		(xiaorong7180@163.com)
Hongjuan Zhou 	(zhouhjlan@qq.com)




Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y
2. Does your protocol include software usage? N
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. 
2.1, 3.2, 3.3, 4.1, and 4.2
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. 
2.1 and 3.6
step 2.1 - To obtain the optimum morphology for the transfection, please use lower cell passage HEK 293T/17 cells and handle with it gently. To obtain approximately 85 % confluent at transfection, seed the HEK 293T/17 cells into a 6 well plate with 1 × 106 cells per well the day before the transfection.
step 3.6 - To perform the RT-qPCR successfully, avoid any potential RNase contamination and pipette carefully to ensure the uniformity between the samples in the triplicate wells.
5. Will the filming need to take place in multiple locations? N



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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Fengwei Zhang: This technique of producing influenza virus pp and determining its infectivity can simplify the research of influenza viruses in a BSL-2 setting.

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


1.2. Shanshan Wang: We normalize the pps for the infections based on qRT-PCR data of pps. Two glycoprotein expression plasmids are included, which can simplify the research on virus reassortment. 

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






Section - Protocol
2. Four-plasmid Cotransfection Mediated by Lipofection
2.1. One day after cell seeding, check the cell morphology and density under an inverted light microscope [1]. Ideally, the cells should be approximately 85% confluent at transfection [2]. Replace the medium with 1 milliliter of serum-free DMEM per well [3] and put the plate back in the incubator [4]. Videographer: This step is difficult and important!
2.1.1. WIDE: Talent at the microscope. 
2.1.2. SCOPE: 85% confluent cells. Authors: Please upload an image or video of 85% confluent cells to your project page. 
2.1.3. Talent replacing medium in a few wells. 
2.1.4. Talent putting plate in the incubator and closing the door. Videographer: Obtain multiple reusable takes of this shot because it will be reused for 2.4.3 and 2.5.2. 
2.2. For each well of cells to be transfected, dilute 8 microliters of the transfection reagent to a volume of 150 microliters with Reduced Serum Medium [1]. Mix the solution gently and let it sit at room temperature for 5 minutes [2]. 
2.2.1. Talent diluting transfection reagent. 
2.2.2. Talent gently mixing the solution and leaving it to incubate at room temperature. 
2.3. Meanwhile, dilute 2.5 micrograms of plasmid DNA into 150 microliters of Reduced Serum Medium [1]. After the 5-minute incubation, combine the diluted DNA with the diluted transfection reagent [2], gently mix the solution, and leave it at room temperature for 15 minutes [3]. 
2.3.1. Talent diluting the plasmid. 
2.3.2. Talent mixing the plasmid and transfection reagent. 
2.3.3. Talent mixing the solution and leaving it to incubate. 

2.4. Add the DNA-lipid complex to the corresponding wells with the cells and serum-free medium [1], then mix the plate gently by rocking it back and forth [2]. Incubate the plate at 37 °C and 5% carbon dioxide for 4 to 6 hours [3]. 

2.4.1. Talent adding the complex to a few wells. 
2.4.2. Talent gently rocking the plate. 
2.4.3. Use 2.1.4. 

2.5. After the incubation, remove the medium and replace it with 2 milliliters of DMEM per well [1]. Then, incubate it for another 36 to 48 hours [2]. 

2.5.1. Talent removing the medium and adding DMEM to one well. 
2.5.2. Use 2.1.4.

3. Susceptible Cell Seeding and Pseudotyped Viral Particle Quantification
3.1. Seed each type of susceptible cell at ten thousand cells per well in a 96 well plate [1], then leave the plate overnight in a 37 °C and 5% carbon dioxide incubator [2]. 
3.1.1. Talent seeding the cells. 
3.1.2. Talent putting the plate in the incubator and closing the door. Videographer: Obtain multiple reusable takes of this shot because it will be reused for 4.3.2.
3.2. On the next day, check the color of the medium [1], which should be light pink or slightly orange [2], and examine the cells with an inverted fluorescence biological microscope under 440 to 460-nanometer wavelength [3]. Videographer: This step is important!
3.2.1. Talent taking the cells out of the incubator and looking at them.
3.2.2. Plate with medium, to demonstrate the proper color. Author comment: This step should be moved into step 3.3. Only on the pp harvesting day (48hour post-transfection), we check the medium color. It should be pink or slightly orange. The color on the day after transfection changed very little. This day, we only check the tranfection efficiency under an inverted fluorescence biological microscope.
3.2.3. SCOPE: Cells under the microscope.
3.3. At 36 to 48 hours post-transfection, harvest the pseudotyped particles, or pps, by passaging them through a 0.45-micrometer polyvinylidene fluoride membrane filter to eliminate cell debris [1], then divide them into small volume aliquots [2] and store them at -80 °C [3]. Videographer: This step is important!
3.3.1. Talent passaging the pps through the filter. 
3.3.2. Talent making a few aliquots. 
3.3.3. Talent putting the aliquots in the -80 °C freezer. 

3.4. To quantify the pps, transfer 30 microliters of the purified viral particles to a 1.5-microliter RNase-free tube [1] and add 1 microliter of benzonase nuclease [2-TXT]. Incubate the tube at 37 °C for 1 hour to eliminate any DNA and RNA contamination [3]. 

3.4.1. Talent transferring the pps to a microcentrifuge tube. 
3.4.2. Talent adding the benzonase to the tube. TEXT: 0.24 U/mL benzonase nuclease
3.4.3. Talent putting the tube in the incubator.

3.5. After the incubation, freeze the sample to -70 °C to inactivate the nuclease [1] and add 2 microliters of proteinase K [2]. Incubate the mixture for 30 minutes to digest the envelope proteins and release the CMV-GFP RNA [3], then inactivate the proteinase K at 100 °C for 3 minutes [4].   

3.5.1. Talent putting the sample in the freezer. 
3.5.2. Talent adding proteinase K to the sample. 
3.5.3. Talent putting the sample in the incubator and closing the door. 
3.5.4. Talent heating the sample.

3.6. Quantify the pps with quantitative reverse transcription rtPCR using the Universal Probe One-Step RT-qPCR Kit and the primers and probe specified in the text manuscript [1]. Videographer: This step is difficult!

3.6.1. Talent putting a plate in the rtPCR thermocycler and closing the lid. 

4. Infectivity Assay 
4.1. Normalize the pps to 4 × 105 RNA copies per milliliter [1], then add TPCK-trypsin to a final concentration of 10 micrograms per milliliter into the pps that harbor H7N9 hemagglutinin [2]. Incubate the pps at 37 °C for 1 hour to form the functional subunits HA1 and HA2 [3]. Videographer: This step is important!
4.1.1. Talent diluting the pps. 
4.1.2. Talent adding the TPCK-trypsin to the pps. 
4.1.3. Talent putting the tube with the pps in the incubator.  
4.2. Mix the normalized pps with DMEM medium at a 1 to 1 ratio [1], then bring the plate containing susceptible cells to the biosafety cabinet [2]. Aspirate the supernatant [3] and wash the cells once with 100 microliters of prewarmed PBS [4]. Videographer: This step is important!
4.2.1. Talent mixing the pps with the medium. 
4.2.2. Talent bringing the cells to the biosafety cabinet. 
4.2.3. Talent aspirating the supernatant. 
4.2.4. Talent adding PBS to the cells. 
4.3. Add 100 microliters of the pps-DMEM mixture into each well, triplicating the infectivity tests of each type of pps to one susceptible cell line [1]. Incubate the plate for 4 to 6 hours at 37 °C and 5% carbon dioxide [2], then aspirate the supernatant and replace it with 100 microliters of DCM [3]. 
4.3.1. Talent adding the pps to a few wells. Video Editor: Show Figure 2 as an inset when VO says “triplicating the infectivity ……”. 
4.3.2. Use 3.1.2. 
4.3.3. Talent aspirating supernatant from a well and replacing it with DCM.
4.4. Incubate the plate for another 24 to 36 hours before infectivity detection [4]. 
4.4.1. Plate in the incubator. 
4.5. Long Cai: Although the pps are considered non-infectious to people, some necessary safeguard procedures are recommended to take, such as wearing a mask and performing infectivity assays in a biosafety cabinet.

4.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Have talent look more directly at the camera compared to other interview shots because this is a warning statement. 

Section – Results
5. Results: Infectivity Assay of Pseudotyped Particles
5.1. This protocol was used to generate 10 types of pseudotyped particles, or pps, with two group hemagglutinin and neuraminidase, vesicular stomatitis virus-G glycoprotein, or no-envelope glycoproteins [1-TXT]. 
5.1.1. LAB MEDIA: Table 1. Video Editor: Emphasize columns B-I when VO says “two group hemagglutinin and neuraminidase”, J when VO says “vesicular stomatitis virus-G glycoprotein” and K when VO says “no-envelope glycoproteins”. Add this text overlay to convey what the numbers in the cells represent. TEXT: µL of plasmid DNA / well transfection
5.2. The pps were imaged with transmission electron microscopy [1] and their infectivity was evaluated in two cell lines, A549 and MDCK [2].  
5.2.1. LAB MEDIA: Figure 3. 
5.2.2. LAB MEDIA: Figure 4.
5.3. In the pps group harboring H5 [1], the infectivity of H5N1, H5+N9, and H5 was approximately 90%, 18%, and 10% for cell line A549 [2] and 40%, 5%, and 5% for MDCK, respectively [3]. 
5.3.1. LAB MEDIA: Figure 4. Video Editor: Emphasize the bars for H5N1, H5+N9, and H5 for both cell lines and in the figure legend. 
5.3.2. LAB MEDIA: Figure 4. Video Editor: Emphasize the bars for H5N1, H5+N9, and H5 for A549. 
5.3.3. LAB MEDIA: Figure 4. Video Editor: Emphasize the bars for H5N1, H5+N9, and H5 for MDCK.
5.4. In the pps group harboring H7 [1], the infectivity of H7N9, H7+N1, and H7 was approximately 10%, 7%, and 1% for cell line A549 [2] and 8%, 4%, and 1% for MDCK, respectively [3].
5.4.1. LAB MEDIA: Figure 4. Video Editor: Emphasize the bars for H7N9, H7+N1, and H7 for both cell lines and in the figure legend.
5.4.2. LAB MEDIA: Figure 4. Video Editor: Emphasize the bars for H7N9, H7+N1, and H7 for A549.
5.4.3. LAB MEDIA: Figure 4. Video Editor: Emphasize the bars for H7N9, H7+N1, and H7 for MDCK.

5.5. The infectivity of vesicular stomatitis virus-G glycoprotein pp was about 21% for A549 and 16% for MDCK cells [1], while the delta-envelope glycoproteins pp showed no infectivity [2].
[bookmark: _GoBack]
5.5.1. LAB MEDIA: Figure 4. Video Editor: Emphasize the bars for VSVG pp for both cell lines and in the figure legend.
5.5.2. LAB MEDIA: Figure 4. Video Editor: Emphasize the missing bars for Δenv pp for both cell lines and Δenv pp in the figure legend.






Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Fengwei Zhang: It is critical to remember that the pp producer HEK 293T/17 cells constitute the foundation of this procedure, so the optimal growth status of HEK 293T/17 cells is most important. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.1.2. or 2.1.3. 
6.2. Shanshan Wang: Following this procedure, some other tests such as HA-Receptor binding assay can be performed. This assay can demonstrate the biological peculiarities of receptor preference and partly reveal the tropism of pps.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Long Cai: Since the two glycoproteins from influenza virus are cloned into two plasmids, HA and NA proteins can be studied separately. The reassortment between them, their mutants and mutual effects can be explored. 

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