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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)      No     

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)      No     

C.  Which steps of your protocol will viewers benefit most from having filmed?  The six most important steps were prioritized in this document (highlighted in yellow).
E.  Will the filming need to take place in multiple locations? (Y/N)      No     
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to rescue infectious virus particles made entirely from a cloned cDNA of positive-strand RNA viruses, whose genomes are in the same polarity as cellular mRNA, such as the Japanese encephalitis virus.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Young-Min Lee: This cDNA-based reverse genetics is a seminal method that enables direct manipulation of the viral genomic RNA, thereby generating recombinant viruses for molecular and genetic studies in viral replication and pathogenesis. 
1.2. Young-Min Lee: This technique also provides a valuable platform that allows the development of genetically defined vaccines and viral vectors for the delivery of foreign genes. 

1.3. Sang-Im Yun: These methods are applicable to cloning full-length cDNA for a range of positive-strand RNA viruses, particularly those with genomes larger than 10 kilobases. 
1.4. Young-Min Lee: Demonstrating the procedure will be several members of my laboratory: post-doctoral fellows Byung-Hak Song and Jin-Kyoung Kim, and the undergraduate Jordan Frank.
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):
2. Summary of Procedures in Video Format
2.1. The video portion of this publication covers the preparation of the bacterial artificial chromosome containing the sequences of interest …. [3.3.1]
2.2. … the synthesis of RNA transcribed from the BAC plasmid … [5.8.1]
2.3. … and how to measure [6.6.2] the RNA’s infectivity and the virus yield. [6.10.1]
2.4. All the procedures used prior to generating the BAC plasmid are provided in the text protocol in great detail.  [No shot]
2.4.1. TEXT: Extract Viral RNA from Japanese Encephalitis Virus (JEV) Particles in Cell Culture Supernatants; Synthesize a Set of Four Overlapping cDNA Fragments Spanning the Entire Viral Genomic RNA by RT-PCR; Subclone Each of the Four cDNA Fragments into a BAC Vector to Create pBAC/F1 to pBAC/F4; Create a Full-length JEV cDNA with the 5' SP6 Promoter and the 3' Run-off Site
Video editor: place paragraph breaks at the semi-colons and place a line space between each of the four section titles.  All should be seen on a single title card background.
3. High-purity Maxi-prep of Full-length SA14-14-2 BAC: Part 1
3.1. For this procedure, first grow a single colony of E. coli DH10B [3.1.1-LM] carrying the BAC plasmid in 3 mL of 2xYT broth with chloramphenicol.  [3.1.2-MED/TEXT]
3.1.1. Figure 1 – overview of the recovery of infectious viruses from a full-length JEV SA14-14-2 cDNA assembled in a BAC
3.1.2. Picking colony from plate and putting it into broth, TEXT: pBAC/SA14-14-2; 10 µg chloramphenicol / mL 2xYT
3.2. Incubate the culture for 10 hours at 35 °C with shaking at 225 to 250 rpm. [WID]
3.2.1. Setting up the solution on shaker, starting shaker, closing incubator
3.3. After 10 hours, scale up the culture. [CU]

3.3.1. Stopping shaking and showing turbidity of broth after 10 hours of growth

3.4. Then, inoculate 500 µL of growth into 500 mL of medium [3.4.1-MED] and cultivate the inoculum for 6 hours with vigorous shaking. [3.4.2-MED]
3.4.1. Transferring aliquot of broth to clean medium

3.4.2. Loading inoculated medium onto shaker and starting vigorous shaking
3.5. After 6 hours, centrifuge the bacterial culture in two 250-mL bottles [3.5.1-MED] at 31 hundred Gs for 15 minutes at 4 °C. [3.5.2-MED]
3.5.1. Dividing 6-hr culture into two bottles

3.5.2. Loading bottles into centrifuge and starting cycle
3.6. Then, resuspend each pellet in 30 mL of GTE solution. [CU]
3.6.1. Pouring/aspirating supernatant, 
3.6.2. [split shot] adding GTE to pellet and mixing
3.7. Add 500 µL of lysozyme and incubate the suspensions on ice for 10 minutes.
3.7.1. Adding aliquot of lysozyme to GTE+cells, TEXT: 60 mg lysozyme / mL
3.8. In the meantime prepare fresh Lysis solution for the next step. [MED]

3.8.1. making fresh lysis solution
3.9. After 10 minutes, add 60 mL of the Lysis solution [3.9.1-MED] and mix by swirling until the solution appears clear.  Let the reactions go at room temperature for 10 minutes. [3.9.2-CU]
3.9.1. Film as written

3.9.2. Swirling turbid mix until clear, and solution stops moving
3.10. Next, add 45 mL of neutralization solution to each bottle [3.10.1-MED] and invert the bottles until they are thoroughly mixed.  Then, put them on ice for 10 minutes [3.10.2-MED]

3.10.1. Film as written

3.10.2. Mixing bottle by inversion and then putting bottles on ice
3.11. Collect the neutralized lysates with a high G, refrigerated centrifugation. [MED/TEXT]
3.11.1. Loading the centrifuge and starting cycle, TEXT: 18,566 × g, 20 min, 4 °C

3.12. Then, collect the supernatants to two new 250-mL bottles. [MED]

3.12.1. Film as written

3.13. Add 0.6 volumes of 100% isopropanol to each, and put them on ice for 20 minutes. [MED]

3.13.1. adding solution and placing bottles on ice
3.14. Next, spin down the precipitates. [MED/TEXT]
3.14.1. Moving bottles from ice to centrifuge, starting cycle, TEXT: 18,566 × g, 20 min, 4 °C

3.15. Then, discard the supernatants and dissolve the pellets in 5 mL of TE buffer. [CU]
3.15.1. Side view of bottle after centrifugation, removing the supernatant and adding new solution, then mixing
3.16. Combine the two volumes in a single 50-mL tube [3.16.1-MED] and precipitate the RNA by adding an equal volume of 5 M lithium chloride and incubating the mixture on ice for 10 minutes. [3.16.2-MED]
3.16.1. Film as written

3.16.2. Adding lithium chloride, clearly labeled stock bottle, mixing and putting tube on ice
3.17. Use a 20-minute, cold centrifugation to collect the RNA precipitate. [MED/TEXT]
3.17.1. Loading 50-ml tube into centrifuge and starting cycle, TEXT: 14,636 × g, 20 min, 4 °C

3.18. Then, transfer the supernatant to a new 250-mL tube, add two volumes of 100% isopropanol, and put the tube on ice so the DNA precipitate will form.  [MED]
3.18.1. Film as written
3.19. Now, add two volumes of 100% isopropanol and put the tube [3.19.1-MED] on ice so the DNA precipitate will form. [3.19.2-CU]

3.19.1. Adding isopropanol to tube

3.19.2. Pushing tube into ice, starting a count down timer

3.20. After 20 minutes, spin down the precipitate. [MED/TEXT]
3.20.1. Spin down the tube. TEXT: 18,566 × g, 20 min, 4 °C
3.21. Aspirate the supernatant, resuspend the DNA pellet in 9.5 mL of TE buffer, and transfer the DNA solution into a 50-mL tube. [CU]

3.21.1. Side view of tube, removing supernatant and adding TE to pellet and mixing resuspending pellet, and transferring the solution into a tube.
4. High-purity Maxi-prep of Full-length SA14-14-2 BAC: Part 2
4.1. Continue the preparation by setting up the cesium chloride gradient with ethidium bromide. [MED/TEXT]
4.1.1. Adding CsCl and EtBr to the eluted DNA, TEXT: 10 g CsCl, 390 µL of 10 mg EtBr / mL
4.2. Load the mixture into a sealable polypropylene tube [4.1.1-CU/TEXT] using a syringe with an 18 Gauge needle and seal the tube. [4.1.2-ECU]
4.2.1. Preparing to load the tube, Loading the mixture into the sealable tube with a syringe TEXT: 16 × 76 mm
4.2.2. Ejecting solution into Sealing the tube
4.3. Spin the sealed tube overnight in an ultracentrifuge to form a cesium chloride gradient. [WID]
4.3.1. [added] Inserting the tube into a ultracentrifuge rotor
4.3.2. Loading the Placing the rotor into an ultracentrifuge, starting cycle, TEXT: 401,700 × g, 16 hours, 20 °C 

4.4. The next day, collect a DNA band of BAC plasmid from the cesium chloride gradient. [LM]
4.4.1. Figure 2 – purification of the BAC containing a full-length cDNA of JEV SA14-14-2
4.5. Use an 18 Gauge needle to create an air vent at the top of the gradient [4.5.1-ECU] and a 20 Gauge needle with syringe to collect the BAC DNA from the side of the gradient, and then transfer the collection to a 1.7-mL microfuge tube. [4.5.2-ECU]
4.5.1. Puncturing air vent into gradient Taking an image of the gradient
4.5.2. Drawing BAC DNA out of gradient Puncturing air vent into gradient, drawing BAC DNA out of gradient, and transferring the BAC DNA into a 1.7-mL microfuge tube
4.6. Transfer the collection to a microfuge tube and perform a wash.  Add 2.5 volumes of water-saturated butanol [4.6.1-MED] and mix with normal vortexing. [4.6.2-CU]
4.6.1. Transferring solution to microfuge tube and adding butanol

4.6.2. vortexing tube
4.7. Then, centrifuge the mixture at room temperature and [4.7.1-MED] transfer the lower aqueous phase to a new 1.7-mL microfuge tube.  Repeat this wash a total of six times to remove all the ethidium bromide. [4.7.2-MED] 
4.7.1. Loading microfuge tube into centrifuge, TEXT: 13,400 × g, 1 min
4.7.2. Removing supernatant and loading to Taking the lower phase and transferring into a new tube, then adding butanol to tube and loading tube back into the centrifuge.
4.8. Now, precipitate the BAC DNA.  Add a one-tenth volume of 3 M sodium acetate and 2.5 volumes of 100% ethanol to the tube. [MED]
4.8.1. Two solutions being added to microfuge tube, as written
4.9. Incubate the mixture on ice for 10 minutes. Then, centrifuge the precipitates at room temperature [4.9.1-MED/TEXT] and wash the DNA pellet with 1 mL of 70% ethanol. [4.9.2-CU]  Repeat the spin [4.9.1] and collect the pellet again. [4.9.2]
4.9.1. Removing tube from ice and loading into centrifuge, starting cycle, TEXT: 13,400 × g for 10 min
4.9.2. Removing supernatant from tube and adding ethanol
4.10. Finally, air-dry the pelleted DNA for 10 minutes and elute it in 200 µL of TE buffer. [MED]
4.10.1. Taking tube from air drying position and adding TE to the tube, mixing, capping
5. Transcribe Synthetic RNAs In Vitro from a Linearized Full-length JEV BAC DNA
5.1. Begin with a large-scale restriction enzyme digestion of the BAC plasmid with Xba I in a total volume of 100 µL.  [5.1.1-MED] Perform this digestion at 37 °C for 12 to 15 hours. [5.1.2-MED]
5.1.1. Mixing the RE reaction, TEXT: 3 µg DNA, 60 U Xba I, 1× digestion buffer, and 1× BSA
5.1.2. Putting a tube into the 37 ºC water bath
5.2. Next, further incubate the digestion with an additional 25 U of mung bean nuclease, at 30 °C for 2 hours. [MED]
5.2.1. Adding solution mung bean nuclease to RE reaction mix, 
5.2.2. [split shot] putting Placing the mix at a 30 ºC water bath
5.3. After the incubation, bring the volume up to 300 µL with distilled water. [MED]
5.3.1. Filmed as written
5.4. Now, perform a phenol extraction by adding an equal volume of phenol:chloroform:isoamyl-alcohol to the diluted sample, [5.4.1-MED] vortexing vigorously for a minute, [5.4.2-CU] spinning down the tube, [5.4.3-CU/TEXT] and transferring the upper aqueous phase to a new tube. [5.4.4-CU] Then, repeat the extraction with chloroform. [5.4.1 to 5.4.4]
5.4.1. Film as written

5.4.2. Film as written

5.4.3. aliquoting aqueous phase from a tube after it has been centrifuged, Spinning down the tube, TEXT: 13,400 × g, 10 min, room temperature
5.4.4. [added] Transferring the aqueous phase from a tube after it has been centrifuged
5.5. Next, recover the linearized BAC DNA by ethanol precipitation. [4.8.1/TEXT]
TEXT: 1/10 vol. 3M CH3COONa, 2.5 vol. 100% EtOH, 4 ºC, 20 min
5.6. Collect the DNA pellet with centrifugation, [4.9.1/TEXT] discard the supernatant and wash the pellet with 1 mL of 70% ethanol. [4.9.2] Repeat the centrifugation step and air-dry the pellet. [4.9.1]
5.6.1. TEXT from 4.9.1 (TEXT: 13,400 × g, 10 min)
5.7. After 10 minutes of drying, dissolve the DNA pellet in 30 µL of distilled water. [MED]
5.7.1. Taking tube from air dry position, adding water, mixing, capping
5.8. Then, examine one microliter of the recovered BAC on a 0.8% agarose gel. [LM]
5.8.1.  Figure 3 – generation of the linearized full-length JEV BAC, pBAC/SA14-14-2
5.9. Next, set up a 25-µL run-off transcription of the linearized BAC DNA including tritiated-UTP for RNA quantification. [5.9.1-MED/TEXT] Perform the reaction at 37 °C for an hour. [5.1.2] [5.9.2-MED]
5.9.1. Setting up reaction mixture, TEXT: See the text protocol for details. ~200 ng template DNA, 0.8 mM cap analog [m7G(5')ppp(5')A], 1 mM rNTPs, 40 U RNase inhibitor, 20 U SP6 RNA polymerase, and 1× transcription buffer.
5.9.2. [added] Placing the reaction tube into a 37 °C water bath
5.10. Then, examine one or two microliters of the run-off transcription reaction on a 0.6% agarose gel. [LM]
5.10.1.  Figure 4 – production of the synthetic RNAs by run-off transcription using a full-length JEV BAC as a cDNA template
6. Determine RNA Infectivity and Virus Yield
6.1. Start with BHK-21 cells grown for 24-hours in 150-mm dishes, plated at three million cells per dish.  [WIDFOL]
6.1.1. Unloading dish from incubator and taking to hood
6.2. Rinse the cell monolayer with cold Solution A and, then, detach them by trypsinization. [MED]
6.2.1. Adding solution A to dish, then adding trypsin solution to dish, TEXT: 10 mL Solution A, 4 mL of 0.25% trypsin-EDTA
6.3. Collect the cells by centrifugation at 270 Gs for 2 minutes. [MED]
6.3.1. Taking solution from dish to tube 
6.3.2. [split shot] and loading tube into centrifuge
6.4. Then, resuspend the cells in 50 mL of cold Solution A and spin them down again. Repeat this wash three times. [MED/TEXT]

6.4.1. Removing tube from centrifuge, 
6.4.2. [added] Discarding the supernatant and resuspending the cell pellet with Sol A
6.4.3. [added] Loading the tube in centrifuge and spinning TEXT: Wash 3X
6.5. After the last wash, resuspend the cells at 20 million per milliliter in Solution A. [MED]
6.5.1. Adding a precise amount of solution A to a concentrated mixture of cells in solution and mixing
6.6. Then, mix a 400-µL aliquot of the cell suspension with 2 µg of synthetic RNA in a 2-mm cuvette. [6.6.1-MED] Promptly electroporate the mixture under optimal conditions and let the cells rest for 10 minutes. [6.6.2-MED/TEXT]
6.6.1. Loading the cuvette
6.6.2. Electroporating the cuvette and setting it aside to rest TEXT: 980 V, 99-µs pulse length, and 5 pulses

6.7. Then, transfer the cells to a  microfuge tube containing 600 µL of complete culture medium. [MED]
6.7.1. Loading tube with medium, then adding cells from cuvette to tube
6.8. Now, prepare 10-fold serial dilutions of the electroporated cells in one milliliter volumes. [MED]

6.8.1. Making the dilution series, there should be several dilutions made up

6.9. Plate 100-µL aliquots of each dilution on monolayers of normal BHK-21 cells. [MED]
6.9.1. Loading 6-well plates, containing cells with aliquots of dilutions
6.10. After 4 to 6 hours of incubation, overlay the cells with 0.5% agarose in MEM plus FBS and culture them for four more days.  [MED/TEXT]

6.10.1. Overlaying cells with agarose mixture, TEXT: MEM + 10% BSA 0.5% agarose in MEM + 10% FBS
7. Results: Specific Infectivity of the Synthetic RNAs Transcribed from a Full-length JEV BAC and the Recovery of Synthetic Virus
7.1. BHK-21 cells were mock-electroporated or electroporated with RNA transcripts derived from two independent clones of the full-length JEV BAC.  Four days later, the cells were stained with crystal violet to view the infectious RNA in the cells.
7.1.1. Figure 5 – Left panel
7.2. Using this stain, the infectious centers were quantified.
7.2.1. Figure 5 – Right panel
7.3. Next, viral protein expression was examined in RNA-electroporated cells 20 hours post-transfection using anti-NS1 rabbit antiserum and a Cy3-conjugated secondary antibody, seen in red.  The nuclei were counterstained with DAPI, seen in blue.
7.3.1. Fig 6B
7.4. The transfected cells were further cultured to produce infectious virions.  At 22 and 40 hours post-transfection the supernatants with virions were examined with the plaque assay.  Based on these results, the cDNA-derived synthetic RNAs are clearly infectious in permissive BHK-21 cells and generate a high titer of recombinant viruses.
7.4.1. Fig 6C
7.5. Later, at 22 and 40 hours post-transfection, the production of infectious virions accumulated in the culture supernatants of RNA-electroporated cells was examined by plaque assays.
7.5.1. Figure 8
Authors, I reverted to my original description of Fig6 because it reads much better and presents the data one panel at a time, which is required for the video.  We need these two panels uploaded as separate images, please, like the left and right panels of Fig 5.
8. Conclusion (said by authors on camera)
8.1. Young-Min Lee: After watching this video, you should have a good understanding of how to rescue infectious virus entirely from a cloned cDNA of positive-strand RNA viruses, such as Japanese encephalitis virus.

8.2. Young-Min Lee: Don't forget that working with Japanese encephalitis virus and other human pathogens can be extremely dangerous.  Proper biosafety training is necessary for before performing this procedure.   

Provided Media

53164_Lee_Figure1(REVISED).tif - Overview of the recovery of infectious viruses from a full-length JEV SA14-14-2 cDNA assembled in a BAC.
53164_Lee_Figure2(REVISED).tif - Purification of the BAC containing a full-length cDNA of JEV SA14-14-2.
53164_Lee_Figure3(REVISED).tif - Generation of the linearized full-length JEV BAC, pBAC/SA14-14-2.
53164_Lee_Figure4(REVISED).tif - Production of the synthetic RNAs by run-off transcription using a full-length JEV BAC as a cDNA template.
53164_Lee_Figure5(REVISED).tif - Representative plaque morphology.

53164_Lee_Figure6(REVISED).tif - Specific infectivity of the synthetic RNAs transcribed from a full-length JEV BAC.

53164_Lee_Figure7(REVISED).tif - Viral protein expression in RNA-transfected cells by immunofluorescence assays using an anti-NS1 rabbit antiserum.

53164_Lee_Figure8(REVISED).tif - Virus particle accumulation in the supernatants of RNA-transfected cells by plaque assays.
PLEASE NOTE THAT I HAVE RENUMBERED AND REORGANIZED THE FIGURES TO MATCH WITH THE VIDEO CONTENTS.  NOW THE EIGHT FIGURES ARE NUMBERED FROM Figure1(REVISED) TO Figure8(REVISED).  PLEASE USE THESE REVISED EIGHT FIGURES FOR THE VIDEO (DO NOT USE THE OLD VERSIONS THAT ARE STILL ON THE REPOSITORY WEBSITE – I COULD NOT DELETE THEM).
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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