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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N  If yes, please list make and model of your microscope: 
B.   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 steps 
   1) Preparation of plasmid DNA transfection mixture.
   2) Cell transfection.
   3) Scale up/passage of cells into 100 mm dishes.
   4) Confirmation of a successful virus rescue.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is the transfection protocol. To ensure success, it is necessary to have a good preparation of the plasmids and proper maintenance of cells.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:
The overall goal of this procedure is to demonstrate a simple and highly reproducible protocol for the generation of recombinant arenaviruses in FDA-approved Vero cells for potential vaccine or vaccine vector seed development. (Intro)

This is accomplished by first carefully preparing the plasmid DNA transfection mixture (P1: Using the Day 1 images on the left-side, show the four upper loops with the title “Wild-type virus rescue” and the five lower loops with the title “Trisegmented virus rescue”.)

The second step is to transfect Vero cells with the plasmid DNA transfection mixture. (P2: Have the P1 images shrink down and go into the 6-well-plate. Ideally, each well of the six well plate would have some cells in it (as in the middle sideways image))

Next, it is necessary to scale up transfected cells into 100 mm dishes. (P3: using the second middle image (the sideways dish) have more cells appear, then have those cells disappear into the right-hand multi-well plate.)

Ultimately, the final step is to confirm a successful virus rescue by immunofluorescence using Wild-type virus, or by fluorescence microscopy and Gaussia luciferase expression using trisegmented virus. (P4: Have the right-hand upper image appear along with text “Wild-type virus (immunofluorescence)” and have the right-hand lower image appear along with text “Trisegmented virus (reporter expression)”

[bookmark: _GoBack]Use Schematic of arenavirus rescue protocol.pptx


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Benson Y. H. Cheng: Compared to existing methods, such as rescues in murine cell lines, this protocol generate arenaviruses in Vero cells that are approved by the FDA for the development of vaccines.
1.2. Emilio Ortiz-Riaño: In addition to the generation of potential vaccines seeds, the reporter gene-expressing trisegmented virus can also be applied to the identification of antivirals against arenaviruses in high throughput screens without the need of secondary assays for viral detection.


Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Arenavirus rescue transfection
2.1. First, prepare 250 μl of OptiMEM media and, depending on the virus rescue, 10 to 12 μg of Lipofectamine 2000 [Text over video: 1 μg /μl] per transfection. Incubate for 5-10 minutes at room temperature. 
2.1.1. MED/CU: Talent prepares 250 μl of OptiMEM media and 10 to 12 μg of Lipofectamine 2000 per transfection.
2.1.2. MED-over-the-shoulder: Talent sets tubes aside and starts timer.

2.2. During this time, prepare the plasmid transfection mixture in a separate microcentrifuge tube, using the recommended amounts for each virus rescue. Bring the final volume to 50 μl with OptiMEM. 
2.2.1. LAB MEDIA: Table 1.
2.2.2. CU: Talent brings the final volume of the plasmid transfection mixture to 50 μl with OptiMEM. 

2.3. Next, add 250 μl of the OptiMEM-Lipofectamine mixture into the plasmid DNA transfection mixture and incubate for 20 minutes at room temperature. 
2.3.1. ECU: Talent adds 250 μl of the OptiMEM-Lipofectamine mixture into the plasmid DNA transfection mixture, and sets aside to incubate at room temperature. 

2.4. To prepare Vero cells, first equilibrate the PBS, DMEM, 10%FBS, 1% PS media, and the trypsin-EDTA mixture to 37°C. 
2.4.1. MED-over the shoulder: Talent places the 1X PBS, DMEM 10%FBS 1% PS media, and trypsin-EDTA mixture to 37°C. 

2.5. To harvest the Vero cells, wash the cultures twice with 5 ml of PBS. Then add 1 ml of trypsin-EDTA for cell detachment  [Text over video: ~ 5 mins]. If necessary, gently tap to fully detach the cells.
2.5.1. CU: Talent adds and aspirates 5 ml of 1X PBS to the Vero cultures in 100 mm dishes 
2.5.2. ECU: Talent adds 1 ml of trypsin-EDTA for cell detachment
2.5.3. CU: Talent gently taps the dish to fully detach the cells.

2.6. Now resuspend the cells in 10 ml of complete DMEM [Text over video: 10%FBS 1%PS] in a 15 ml centrifuge tube.  Then centrifuge the cells for 5 minutes at 1,000 rpm.
2.6.1. ECU: Talent resuspends the cells in 10 ml of complete DMEM  in a 15 ml centrifuge tube.  
2.6.2. MED: Talent starts centrifuge for 5 minutes at 1,000 rpm.

2.7. Resuspend the cells in 10 ml of complete DMEM, count the cells  and adjust concentration to 1x106 cells/ml. 
2.7.1. ECU: Talent resuspends the cells in 10 ml of complete DMEM
2.7.2. MED: Talent counts the cells using a hemocytometer.
2.7.3. CU: Talent adjusts the concentration to 1x106 cells/ml. 

2.8. After the 20-30 minutes room temperature incubation add 1 ml of Vero cells [Text over video: 1x106] to the OptiMEM-Lipofectamine-DNA plasmid mixture, and incubate for 5 minutes at room temperature.
2.8.1. CU/ECU: Talent adds 1 ml of Vero cells to the OptiMEM-LPF2000-DNA plasmid mixture, and incubates at room temperature.

2.9. Now, seed the Lipofectamine/DNA-cell mix into 6-well-plates, gently shake, and  then place in the incubator [Text over video: 37°C and 5% CO2].
2.9.1. ECU: Talent seeds the mix into 6-well-plates and gently shakes.
2.9.2. MED: Talent places plates in the incubator.

2.10. After 16 to 24 hours post-transfection, remove the transfection media and add 2 ml of infection media. Culture the cells for an additional 48 hours.
2.10.1. CU: Talent removes the transfection media and adds 2 ml of infection media.
2.10.2. MED-over-the-shoulder: Talent places the cultures back into incubator.

2.11. Next, to passage the cells, remove the tissue culture supernatant, Wash twice with 1x PBS and trypsinize the cells as shown earlier [Text over video: 0.5 ml trypsin-EDTA], then resuspend the cells in 1 ml of complete DMEM.  
2.11.1. CU/ECU: Talent removes the tissue culture supernatant, and washes twice with 1x PBS.
2.11.2. MED/CU: Talent aspirates PBS wash and adds trypsin.
2.11.3. ECU: Talent resuspends the cells in 1 ml of complete DMEM in a 1.5 ml microcentrifuge tube.  

2.12. To pellet the cells, centrifuge for 5 minutes at 5,000 rpms and 4°C. Carefully resuspend the pellets in 1 ml of infection media, and transfer the cells to a 100 mm dish. 
2.12.1. MED/CU: Talent places cells in microcentrifuge and starts run at 5 minutes at 5,000 rpms, 4°C. 
2.12.2. CU/ECU: Talent carefully resuspends the pellets in 1 ml of infection media, and transfers the cells to a 100 mm dish. 

2.13. With infectious media, bring up the total volume in the plate to 8 ml, a sufficient volume to prevent drying of the cells as well as for concentrating the virus.
2.13.1. ECU: Talent brings up the total volume in the plate, with infectious media, to 8 ml.

2.14. Gently shake the 100 mm dish for a uniform monolayer of transfected cells after culture.
2.14.1. ECU: Talent gently shakes the 100 mm dish 

2.15. After 72 hours, collect the tissue culture supernatants Centrifuge to remove the cell debris [Text over video:  5 min, 2,500 rpm], and store the supernatants at -80°C.
2.15.1. MED: Talent collects the tissue culture supernatants from 100 mm dishes into  15 ml centrifuge tubes. 
2.15.2. CU: Talent places tubes in centrifuge 
2.15.3. MED: Talent stores the supernatants at -80°C.

3. Confirmation of recombinant arenavirus rescue 
3.1. The day before titration, wash the Vero cells twice with PBS and trypsinize. After resuspending the cells in 10 ml of complete DMEM, count the cells with a hemocytometer and adjust the concentration to 4x104 cells/well. Then prepare 96-well plates to reach 80-90% confluency the next day [Text over video: 4x104 cells/well].
3.1.1. MED/CU: Talent aspirates PBS wash from the Vero cells, and adds trypsin.
3.1.2.  ECU: Talent seeds a few wells of 96-well plates with 4x104 cells/well. 
3.1.3. Resuspend cells in 10ml of complete DMEM (comment: added a missing step)
3.1.4. MED: Talent counts the cells using a hemocytometer. (comment: added a missing step)
3.1.5. Adjust concentration to 4x104 cells/well. (comment: added a missing step)
3.1.2. (this shot moves below 3.1.5) ECU: Talent seeds a few wells of 96-well plates with 4x104 cells/well.

3.2. Gently shake the plates by hand to get a uniformed distribution of the cells. Culture the cells for overnight [Text over video:  37°C incubator with 5% CO2]. 
3.2.1. ECU: Talent gently shake the plates by hand. 
3.2.2. MED: Talent places the plate in 37°C incubator with 5% CO2. 

3.3. On the day of infection, check the cells under the microscope to confirm a monolayer before proceeding with the infection. 
3.3.1. MED: Talent check the cells under the microscope 

3.4. Now, serially dilute the virus-containing tissue culture supernatants that were recovered earlier in OptiMEM in a 96-well plate. 
3.4.1. MED/CU: Talent serially dilutes the virus-containing tissue culture supernatants that were recovered earlier - show 96-well plate indicating 10 fold dilutions.  

3.5. Then aspirate the media from the seeded Vero cells, wash twice with 50 μl of PBS, and infect cells with 50 μl of the serially diluted virus. Infect the cells for 1.5 hours at 37°C and 5% CO2.
3.5.1. ECU: Talent aspirates the media from a well of seeded Vero cells. 
3.5.2. MED/CU: Talent adds 50 μl of 1X PBS and  aspirates off the wash.
3.5.3. ECU: Talent adds 50 μl of the serially diluted virus. 
3.5.4. MED/CU: Talent places cells at 37°C and 5% CO2.

3.6. Next,  remove the virus inoculum, add 100 μl of infection media/well and incubate the cells for 16-18 hours. 
3.6.1. ECU: Talent  removes the virus inoculum, adds 100 μl of infection media/well.
3.6.2. CU: Talent places cells in incubator.

3.7. Now remove the tissue culture supernatants from each well. Fix the cells with 4% formaldehyde diluted in PBS, for 15 minutes at room temperature. Then remove the formaldehyde and permeabilize with 0.1% triton X-100 at room temperature for 10 minutes.
3.7.1. ECU: Talent removes the tissue culture supernatants from a few wells.
3.7.2.  CU: Talent adds 4% formaldehyde diluted in 1X PBS, covers and sets aside plate at room temperature (in background show timer for  15 minutes).
3.7.3. ECU: Talent removes 4% formaldehyde and adds 0.1% triton X-100 to the wells, and set timer to 10 minutes 

3.8. Next, aspirate the permeabilization solution and wash three times with 100 μl of PBS. Block cells with 2.5% bovine albumin serum [Text over video: 1 h @ at RT, or overnight at 4°C].
3.8.1. MED/CU: Talent aspirate the permeabilization solution, and adds 100 μl 1X PBS.
3.8.2. ECU: Talent adds 2.5% BSA.

3.9. Dilute the primary antibody specific to an arenavirus protein in 2.5% BSA, and centrifuge for 15 minutes at 3,500 rpm. Incubate the cells with the antibody for 1 hour at 37°C.
3.9.1. CU: Talent dilutes the primary antibody specific to an arenavirus protein in 2.5% BSA.
3.9.2. MED-over-the-shoulder: Talent centrifuges antibody for 15 minutes at 3,500 rpm. 
3.9.3. ECU: Talent adds antibody to cells- show label of primary antibody reagent, and set timer for 1hr. 

3.10. After three PBS washes, add an appropriate fluorophore-conjugated secondary antibody for 30 minutes at 37°C. Remove the secondary antibody and wash three times with 100 μl of PBS..
3.10.1. CU: Talent adds an appropriate fluorophore-conjugated secondary antibody – show label of reagent. 
3.10.2. ECU: Talent removes the secondary antibody and begins a 100 μl 1X PBS wash .
3.11.   Next, titrate by counting fluorescent focus forming units using fluorescence microscopy. 
3.11.1.  Talent counts fluorescent forming units using fluorescence microscopy. 
4. r3LCMV and r3Candid#1 viral rescue 
4.1. Similar to wild type recombinant arenavirus, titrate the trisegmented virus by first serial diluting the virus present in the tissue culture supernatant. Then infect Vero cells in 96-well plates.
4.1.1. MED/CU: Talent makes serial dilutions of  the trisegmented virus- show tube labels.
4.1.2. ECU: Talent infects Vero cells in 96-well plates.

4.2. After 16-18 hours of incubation, titrate by counting flourescent focus forming units using fluorescence microscopy.
4.2.1. MED/CU: Talent counts flourescent focus forming units using fluorescence microscopy.

4.3. Alternatively, measure successful virus rescue by Gaussia luciferase expression using 100 μl of tissue cultute supernatants in a 96-well white plate. Set up the luminometer. 
4.3.1. ECU: Talent pipets 100 μl of tissue cultute supernatants in a 96-well Flat bottom microtiter plates.
4.3.2. WIDE/MED: Talent sets up the luminometer – get good shot of instrument.

4.4. As per the manufacturer’s recommendations,  add 50-100 μl Gluc Assay solution to each sample. Then measure the Gluc reporter gene expression with the luminometer. As a negative control, measure Gluc expression from TCS of wild-type virus infected cells.
4.4.1. CU: Talent  adds 50-100 μl Gluc Assay solution to each sample. 
4.4.2. MED/CU: Talent starts the Gluc reporter gene expression measurement with the luminometer. 
4.4.3. ECU: Talent measures Gluc expression from TCS of trisegmented virus infected cells. 


5. Results: Arenavirus in Vero cells
5.1. Arenaviruses are enveloped, negative-sense RNA viruses with bisegmented genomes. 
5.1.1. LAB MEDIA: Figure 1 (right panel)

5.2. Each segment uses an ambisense coding strategy to direct the synthesis of two viral proteins in opposite orientation.
5.2.1. LAB MEDIA: Figure 1 (left panel).

5.3. Two types of rescue plasmids are used for the generation of recombinant arenavirus in Vero cells. 
5.3.1. LAB MEDIA: Figure 2.

5.4. pCAGGS expression plasmids direct the synthesis of the viral proteins, L and NP. The hpol-I plasmids direct the synthesis of the viral RNA segments. 
5.4.1. LAB MEDIA: Figure 2 (Left panel) then Figure 2 (right panel).

5.5. Successful rescue of a recombinant wild-type arenavirus is confirmed by the presence of viral antigens using IFA. At 16-18 hours post-infection of Vero cells by tissue culture supernatants, cells are stained with LCMV- or Candid#1-specific antibodies. 
5.5.1. LAB MEDIA: Figure 5.

5.6. In trisegmented arenavirus rescues, the hpol-I S is separated into two plasmids. In one plasmid, NP is replaced with GFP and in the other plasmid, the GP is replaced by Gluc gene.
5.6.1. LAB MEDIA: Figure 3
5.6.2. LAB MEDIA: Figure 3 (right panel)

5.7. Successful viral rescue can be simply assessed by observing GFP expression by fluorescence microscopy. 
5.7.1. LAB MEDIA: Figure 6A. 

5.8. Furthermore, successful rescue can be confirmed by assessing Gluc expression.
5.8.1. LAB MEDIA: Figure 6B.


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

6.1. Benson Y. H. Cheng:: After watching this video, you should have a good understanding of how to rescue both wild-type and trisegmented arenaviruses in Vero cells with high reproducibility. 
6.2. Emilio Ortiz-Riaño: We recommend three independent transfections for each recombinant virus to increase the likelihood of a successful rescue, as Vero cells are not easily transfected.


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, 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, as well as an introduction to your videographer, closer to your filming date.
 2011, Journal of Visualized Experiments
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