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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
Step 1.1 Recovering clone. 

Step 2.2 Maxiprep

Step 2.3 RCA of miniprep

Step 3.4 Production of RNA

Step 4.1 Electroporation of RNA
D.  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. Assuring that the correct viral sequence is maintained in the clone, particularly when using bacteria. Section 2.4. 

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to recover infectious virus from a two-part Zika virus cDNA clone (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Author A (please insert name): This method can help answer key questions in the flavivirology field, such as vaccine strategies, pathogenesis, transmission and viral evolution. 
1.2. Author B (please insert name): The main advantage of this technique is that _the two-part system is more stable than full-length approaches.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Author C (please insert name): Though this method can provide insight into Zika virus, it can also be applied to other virus systems that have been difficult to clone due to plasmid instability
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Gregory D. Ebel: Demonstrating the procedure will be James Weger-Lucarelli, a post doc from my laboratory. 
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
Videographer: due to the nature of the virus, all experiments will be filmed in mock. However, please ensure that Talent wears appropriate PPE throughout. 
2. Preparation of In Vitro Transcribed RNA
2.1. Begin by setting up digestion reactions for both plasmids encoding the Zika Virus genome [1-MED], p1 and p2 [2-CU-TXT]. 
2.1.1. Talent at bench organizing the materials needed for the digestions (BROLL). 

2.1.2. Talent places tubes of p1 and then p2 (both clearly labeled to camera) into a tube rack or ice bucket with ice. TEXT: See written protocol for details of plasmid propagation and amplification.  
2.2. Digest 3.3 micrograms of p1 [1-CU] with ApaLI (Pronounced as letters and a number: A P A L 1) and BamHI-HF (pronounced “BAM H 1 high-fidelity”) in the presence of recombinant phosphatase a final volume of 100 microliters [2-MED-TXT].  
2.2.1. Pipette tip aspirates a volume from the p1 tube. 
2.2.2. Talent dispenses the volume into the tube containing all other reagents and closes the lid. TEXT: 10 µL of 10x reaction buffer, 3 µL of ApaLI, 3 µL of BamHI-HF, 3 µL of rSAP or CIP, and 3.3 µg of p1 DNA, ddH2O to 100 µL. 
2.3. For p2 [1-CU], digest 13.3 micrograms of p2 DNA with ApaLI and EcoRI-HF (pronounced “eco R1 high fidelity”) a final volume of 100 microliters [2-MED-TXT]. 
2.3.1. Fingers lift the p2 tube from the rack or ice bucket. 

2.3.2. Talent dispenses the volume of p2 into an appropriately labeled tube containing the reagents for the reaction. TEXT: 10 µL of 10x reaction buffer, 3 µL of ApaLI, 3 µL of EcoRI-HF, and 13.3 µg of p2 DNA, ddH2O to 100 µL.
2.4. Incubate both reactions at 37 °C for 1 to 2 hours [1-MED-over the shoulder]. 
2.4.1. Talent places both tubes into a heat block. 
2.5. After purifying the digested plasmids using a commercial gel and PCR clean-up kit [1-MED-TXT], add 30-microliters of elution buffer pre-heated to 70 °C to the column [2-CU] and incubate in a heating block for 5 minutes [3-MED-TXT]. 
2.5.1. Show Talent at the bench placing the PCR clean-up kit reagents back into a box. TEXT: See Materials Table. Shot 2.8.1 could also be filmed at this time. 
2.5.2. Shot of the preheated buffer in the heating block next to the columns. Pipette tip withdraws 30ul from the buffer tube and dispenses it onto one of the columns. Shot 2.8.2 may also be filmed at this time. 
2.5.3. Talent presses start on a countdown timer set to 5 min and places it next to the columns in the heat block. 
2.6. After spinning down the purified, digested plasmids [1-MED-over the shoulder-TXT], prepare the ligation reaction by combining 29-microliters of purified p1 [2-CU], and 29-microliters of purified p2 with T4 DNA ligation reaction buffer and T4 DNA ligase in double-distilled water to a final volume of 100 microliters [3-MED-TXT]. 
2.6.1. Talent removes the columns from the centrifuge. TEXT: Reserve 1 µL to run on a gel later.
2.6.2. Digested p1 is pipetted into an appropriately labeled tube containing the mixture of ligation reaction reagents. 
2.6.3. Talent pipettes from the tube containing digested p2 and then dispenses the volume into the same tube. TEXT: 10 µL of 10x T4 DNA ligation reaction buffer, 3 µL of T4 DNA ligase (400 U/µL), 29 µL of purified p1, and 29 µL purified p2, ddH2O to 100 µL.
2.7. Incubate the ligation reaction at room temperature for 2 hours [1-MED-TXT]. 

2.7.1. Talent presses start on a countdown timer set to 120 min and sets it next to the rack containing the tube with the ligation reaction. TEXT: Can also be incubated at 16 °C overnight. 
2.8. After incubation, purify the ligated plasmid as before [1-MED]. This time use 10-microliters of pre-heated elution buffer [2-MED-over the-shoulder-TXT]. 
2.8.1. Talent at bench working with items from the PCR purification kit. 
2.8.2. Shot of the preheated buffer in the heating block next to the columns. Pipette tip withdraws 10 ul from the buffer tube and dispenses it onto one of the columns. 
2.9. Next, run the undigested plasmids, digested plasmids, and ligation on an agarose gel [1-MED-TXT]. A successful ligation should give rise to a ligation product of around 11 kb [2-LM]. 
2.9.1. Show Talent finishing up loading the gel, putting the lid on and setting the power. Essentially BROLL. Detail not required. 
2.9.2. LAB MEDIA: 55857_Ebel_Figure 2B. Video Editor please add a box around the bright, top band in the “p1/p2 (ligated)” lane. 
2.10. After confirming that the plasmids run at the correct molecular weight, set up a T7 in vitro transcription reaction using 8-microliters of purified ligation reaction [1-MED-TXT], and incubate for 4 hours at 37 °C [2-MED-over the shoulder]. 
2.10.1. Talent pipetting from the tube containing the ligated DNA and adding it into an appropriately labeled tube containing the T7 reaction reagents. TEXT: 10 µL 2x ARCA/NTP Mix, 2 µL of T7 RNA polymerase mix, and 8 µL of purified ligation reaction. Final volume 20 µL. 
2.10.2. Talent places the tube in the 37 °C heat block. 
2.11. After the incubation, measure the RNA concentration via a UV spectrophotometer [1-MED]. 
2.11.1. Talent working at the spec to measure RNA concentration. Detail not required. BROLL. 
3. Rescue of Infectious Virus by Electroporation
3.1. One or two days prior to electroporation, prepare one T182 flask of Vero cells per construct to be recovered [1-MED]. Include a T182 flask to be used as a mock electroporation control [2-MED-over the shoulder]. 
3.1.1. Talent at the TC hood pipetting cell suspension two flasks that already contain medium. TEXT: DMEM + 10% Fetal bovine serum (FBS). 
3.1.2. Talent places two flasks into the TC incubator. 
3.2. When cells are at 70 to 80% confluency [1-MED], warm DMEM containing 15% FBS and 10 millimolar HEPES in a water bath heated to 37°C [2-MED-over the shoulder-TXT]. 

3.2.1. Talent (wearing something different to the previous shot to indicate the passing of time) examining the cell sheet of one flask under the microscope.  
3.2.2. Talent places the appropriately labeled bottle of medium in a water bath (TEXT: Warm ~12 mL for each construct to be recovered). 
3.3. Detach the cells by trypsinization according to standard methods [1-MED], and collect the cells in medium containing 10% FBS to inactivate the trypsin [2-CU]. Then centrifuge the cells at 150 x g for 5 minutes at 4 °C [3-MED-over the shoulder/MED].
3.3.1. Talent knocking a flask of cells containing trypsin against the palm of their hand. 

3.3.2. Medium is pipetted into a flask. 

3.3.3. Talent places the two tubes of cells into the centrifuge, closes the lid and starts the spin. Multiple takes, shot will be reused once. 
3.4. After washing the cells three times with PBS, resuspend each cell pellet in RPMI 1640 + 10-millimilar HEPES to a concentration of around 0.5x107 cells per milliliter [1-CU]. Transfer 200-microliters of this cell suspension to a sterile tube [2-MED]. 
3.4.1. Medium is released onto a cell pellet in a tube and then the volume is pipetted up and down. 
3.4.2. Talent pipettes from the tube of resuspended cells and then transfers a volume to one of two empty tubes in a rack.  
3.5. Next, add 20-microliters of water as the mock control [1-MED], or 20-microliters of RNA to each set of cells [2-MED-over the shoulder-TXT]. Mix the cells gently by flicking the tube [3-CU], and then transfer the contents of the tube to a 2-millimeter gap electroporation cuvette [4-CU]. 
3.5.1. Talent adds water to one of tubes containing cells. 
3.5.2. Talent retrieves the RNA from an ice bucket, pipettes a volume from it and then adds it to the other tube of cells. TEXT: ~ 5-10 µg RNA
3.6. Set the electroporator to 170 volts, 0 omega resistance, and 950 microFarads [1-CU-TXT]. 
3.6.1. Show the display of the electroporator as the last one or two parameters are set. TEXT: Set resistance to the lowest available setting, either 0 or infinity 
3.7. Pulse the cells once [1-MED] and immediately add 600-microliters of the pre-warmed medium [2-CU]. [3-MED]. 
3.7.1. Talent operating the electroporator to pulse the cells. 
3.7.2. 600 ul of medium is pipetted into the cuvette. 

3.7.3. Talent rinsing the cuvette with medium. Revised: Moved to 3.8.2
3.8. Add the cells to a T75 tissue culture flask containing 10-milliliters of the pre-warmed medium [1-MED]. Remove any remaining medium from cuvette by using the dropper that is included with the cuvette [2-CU-TXT]. 

3.8.1. *film as written. 

3.8.2. A small volume of cell suspension is aspirated from the cuvette. TEXT: Be careful to maintain sterility. Revised: This is where I removed the residual media with the dropper. 
3.9. Swirl the flask to mix the medium and cells [1-MED], and then place it in the 37 °C incubator [2-WIDE]. 
3.9.1. *film as written. 

3.9.2. *film as written. 
3.10. The next day and each day thereafter, check the cells for viability until 50 to 75% cell death is observed relative to the mock electroporated control [1-MED]. 
3.10.1. Talent enters a shot centered on the inverted microscope with both flasks, places one flask on the stage of the microscope, looks through the oculars and focuses. 
3.11. When 50 to 75% cell death is seen, harvest the supernatant in a conical tube [1-CU], and then centrifuge at >3,000 x g for 10 minutes at 4 °C to remove cellular debris [2-MED].
3.11.1. The floating cells in medium are pipetted from the flask and dispensed into a conical tube.
3.11.2. Use 3.3.3. Talent placing tubes in the centrifuge and closing the lid. 
3.12. Following centrifugation, transfer the clarified supernatant to a new tube [1-MED] and add FBS to a final concentration of 20% [2-CU]. Additionally, add sterile HEPES to a final concentration of 10 millimolar as a buffering agent to preserve virus infectivity while frozen [3-MED]. 
3.12.1. Talent, working in hood transfers aspirates the supernatant from the pellet and dispenses it into an unused tube. 

3.12.2. FBS is pipetted into the tube of clarified supernatant. 

3.12.3. Talent pipettes from a bottle of sterile HEPES and adds it to the tube of clarified supernatant. 
3.13. Finally, mix the virus by vortexing [1-MED-over the shoulder], and aliquot into screw cap vials [2-CU]. Store the virus at -80 °C for future use [3-WIDE]. 
3.13.1. *film as written. 

3.13.2. Supernatant is pipetted into one vial in a series. 

3.13.3. Talent places a clearly labeled freezer box into the -80 freezer. 
4. Results: In Vitro and In Vivo Characteristics of Clone-Derived Virus
4.1. This image shows the similar effect of wild type PRVABC59, and infectious clone derived Zika virus, on the growth kinetics of the non-human primate Vero cell line [1-LM].  
4.1.1. LAB MEDIA: 55857_Ebel_Figure3_Vero. Video editor: If possible, please only show the black line and circles with the appropriate legend initially, and then add in the gray circles and line and the ZIKVic legend when “and infectious clone derived Zika virus” is narrated. 
4.2. This image shows the effect of both viruses on human JAR (pronounced: Jar) cells [1-LM]. 
4.2.1. LAB MEDIA: 55857_Ebel_Figure3_JAR. Show image. 
4.3. Similar growth kinetics are seen in a mosquito-derived C6/36 line (pronounced C 6 36) [1-LM]. 
4.3.1. LAB MEDIA: 55857_Ebel_Figure3_C6/36. Show image. 
4.4. This survival curve shows data obtained from 4-week-old interferon alpha, beta and gamma receptor knockout mice that were inoculated with 1,000 PFU of PRVABC59 or the infectious clone-derived virus [1-LM-TXT]. 
4.4.1. LAB MEDIA: 55857_Ebel_Figure4_survival. Show image. TEXT: n=11. 
4.5. Aedes aegypti dissected 14-days after a bloodmeal containing Zika Virus. Plaque assays were used to assess infection in mosquito bodies [1-LM], in legs to measure dissemination [2-LM], or in salivary secretions to measure transmission of infectious virus [3-LM]. Rates are presented as the percent of the total mosquitoes that were tested [4-LM]. 
4.5.1. LAB MEDIA: 55857_Ebel_Figure4_rate. Video Editor please place a box around, or otherwise highlight ‘Infection Rate’ and the two bars above it. 
4.5.2. LAB MEDIA: 55857_Ebel_Figure4_rate. Video Editor please place a box around, or otherwise highlight ‘Dissemination Rate’ and the two bars above it. 
4.5.3. LAB MEDIA: 55857_Ebel_Figure4_rate. Video Editor please place a box around, or otherwise highlight ‘Transmission Rate’ and the two bars above it. 
4.5.4. LAB MEDIA: 55857_Ebel_Figure4_rate. Video Editor please ‘Rate (%) on the y-axis. 
5. Conclusion (said by authors on camera)

5.1. Author Name: While attempting this procedure, it’s important to remember to sequence the entire viral sequence if using bacteria. It is also important to harvest virus at 50-75% CPE to minimize viral replication cycles. 
5.2. Author Name: After its development, this technique paved the way for researchers in the field of flavivirology to explore vaccines, pathogenesis and virus evolution in Zika virus. 
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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