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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____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.) _________________3.1, 3.3, 3.6, 4.5__________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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. (Please do not list entire sections.) ___most difficult aspect:___timepoint of harvest (step 3.6);  to ensure success, monitor syncytia formation closely______________________
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? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. CEE: This method can help address key challenges in the field of cancer immunotherapy by facilitating the development of oncolytic vectors for targeted immunomodulation. [1-MED]
1.1.1. CEE speaking interview style.
1.2. CEE: The main advantage of the applied reverse genetics systems is its versatility. Therefore, vectors can be adapted to address various research questions and target tumors with diverse immune signatures.   [1-MED]
1.2.1. CEE speaking interview style

B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. JPWH: The virus propagation steps, especially determining the optimal time point to harvest virus, are difficult to learn from a text protocol, because syncytia formation must be assessed visually over time.   [1-MED]
1.3.1. JPWH speaking interview style



Protocol: (read by voice talent at JoVE)


2. Generation of Recombinant Virus Particles
2.1. To begin, design and clone recombinant immunomodulatory vectors as described in the manuscript. This protocol describes specific steps for the development of an oncolytic measles vaccine vector encoding a bispecific T cell engager. [1-LM]
2.1.1. Figure 3 Video editor: When the VO says “for the development of an oncolytic measles vaccine vector” emphasize the bottom part of the figure, which has “Kozak” and “transgene sequence” in it. Then when the VO says: “a bispecific T cell engager”, emphasize the purple arrow with BTE on it, and the middle of the figure (starting with Igk-Id and ending with His), and the rectangle with “transgene sequence”.
2.2. To rescue measles virus from cDNA, 24 h before transfection, plate measles virus producer cells evenly on a 6-well plate. [1-MED-TXT] Seed 200,000 cells in 2 milliliters DMEM containing 10% FBS per well to achieve 65-75% confluency at the time of transfection. [2-CU]
2.2.1. Talent with the plate and cells in the hood in front preparing for plating. Editor: When the VO says measles virus for the first time, show text 1, and when they say Measles Virus producer cells show text 2. TEXT1: Measles Virus: MV TEXT2: Measles Virus producer cells: African green monkey kidney-derived Vero
2.2.2. Talent starts pipetting the cells in some wells of 6-well plate.
2.3. Mix 5 micrograms of recombinant DNA encoding the measles virus anti-genome that will be used to transfect the cells, appropriate plasmids and a fluorescent reporter in a total volume of 200 microliters DMEM. [1-CU-TXT]
2.3.1. Talent adding recombinant DNA, then mammalian expression plasmids encoding N, L, and P protein and then a fluorescent reporter. Labels in shot if possible. TEXT: Plasmids encoding MVN and MVL proteins - 500 ng each, MVP protein - 100 ng 
2.4. Add 18.6 microliters of liposomal transfection reagent to the mixture [1-CU] and immediately flick the tube to mix. [2-CU] Incubate this transfection mix for 25 min at room temperature. [3-MED]
2.4.1. Talent adding liposomal transfection reagent.
2.4.2. Talent flicking the tube.
2.4.3. Leaving the tube on the side to incubate.
2.5. To transfect the MV producer cells, remove the medium from the 6-well plate gown to 65-75% confluency, [1-CU] and add 1.8 milliliters of DMEM with 2% FBS and 50 micrograms/milliliters kanamycin per well. [2-ECU] Then add the transfection mix dropwise to each well [3-CU] and swirl carefully. [4-CU] Incubate cells overnight at 37 °C, 5% CO2. [5-MED]
2.5.1. Talent removing the medium from the 6-well plate.
2.5.2. Talent starts adding the medium.
2.5.3. Talent adding the transfection mix dropwise to one-two wells.
2.5.4. Talent swirling the plate.
2.5.5. Placing the plate in the incubator.
2.6. On the following day replace the medium with 2 milliliters of fresh DMEM (pronounce D-M-E-M) with 2% FBS (F-B-S), and 50 micrograms/milliliters kanamycin, and repeat this when medium becomes acidic, recognized by the yellow color. [1-CU] 
2.6.1. Talent removes the medium and starts adding fresh one.
3. Collection and Propagation of Virus Particles
3.1. Use a microscope to observe cells daily [1-MED] for reporter gene expression and syncytia formation. [2-LM] When large syncytia, consisting of 20 or more cells, are visible, or when cells become too dense harvest the virus. [3-LM-TXT]
3.1.1. Talent at the microscope, observing the cells. 
3.1.2. Figure 4 A and B Editor: Emphasize where the white arrows are pointing at.
3.1.3. Figure of large syncytia, consisting of 20 or more cells- to be provided by the authors TEXT: after 7-9 days	Comment by heidbuec: Two images (3-1-3-a_ and 3-1-3-b_) have been uploaded to be shown one after the other.
3.2. Twenty-four hours before the anticipated harvest, seed approximately 1.5 million MV producer cells in 12 milliliters of DMEM with 10% FBS on 10-centimeter dishes [1-CU], to achieve 65-75% confluency at the time of virus inoculation [2-MED]. 
3.2.1. Talent seeding the cells on one 10 cm plate, adding medium…
3.2.2. Talent placing the dishes in the incubator.
3.3. To collect virus progeny, use a cell scraper to carefully scrape adherent producer cells from the 6-well plate with transfected cells. [1-CU] Transfer the medium containing the scraped cells into a centrifuge tube. [2-CU] Centrifuge for at 2,500 x g and 4 °C for 5 min to remove cell debris. [3-MED] 
3.3.1. Talent scraping the cells.
3.3.2. Transferring the cells into a tube.
3.3.3. Placing the tube in the centrifuge and starting the run.
3.4. After centrifugation, mix the cell-free supernatant with serum-free medium to a final volume of 4 milliliters to prepare inoculum. [1-CU] Remove the medium from the 10-centimeter dish with MV producer cells and add the inoculum to the cells. [2-CU] Incubate for at least 2 h at 37 °C and 5% CO2.  [3-MED]
3.4.1. Talent removing the supernatant and adding it to new tube, then adding the medium.
3.4.2. Talent removing the medium from the cells and starts adding inoculum to the cells.
3.4.3. Placing the plate in the incubator.
3.5. After incubation, add 6 milliliters of DMEM with 10% FBS and incubate cells overnight. [1-CU] Then replace the medium with 12 milliliters of fresh DMEM with 10% FBS and incubate at 37 °C and 5% CO2 until harvesting. [2-CU-TXT]
3.5.1. Talent adding medium.
3.5.2. Talent removing medium and starts adding new medium. TEXT: 36-72 h
3.6. Observe the cells at least twice daily. [1-MED] Before syncytia burst, when membrane disruption becomes visible, harvest the virus. [2-LM] To harvest the first passage, remove supernatant from the plate and add 600 microliters of serum-free medium. [3-CU] Then use a cell lifter to scrape the cells, [4-CU] and transfer to a clean tube. [5-CU]
3.6.1. Talent at the microscope observing the cells.
3.6.2. Figure 4 C, D. Editor: Emphasize the large swollen cells with the yellow arrows  	Comment by heidbuec: Please use uploaded figures 3-6-2_a and 3-6-2_b (which also contain yellow arrows) instead.
3.6.3. Talent removing the medium and adding serum-free medium.
3.6.4. Scraping the cells.
3.6.5. Transferring the cells to a fresh tube.
3.7. Immediately after that, freeze the virus suspension in liquid nitrogen, and store at -80 °C for at least 24 h to ensure thorough freezing. [1-MED] 
3.7.1. Talent freezing the cells in liquid nitrogen
4. Viral Titer Evaluation
4.1. To determine titers of virus stocks in octuplicates per aliquot using 96-well plates, first pool the producer cells from a T75 (T-75) cell culture flasks into a 50-milliliter conical tube. [1-CU] Count the cells and adjust the cell suspension to 150,000 cells per milliliters in DMEM with 10% FBS. [2-CU] 
4.1.0. Added shot: Talent adding trypsin solution to the cells to detach.	Comment by heidbuec: This was previously considered as part of the pooling process. No changes in the voiceover text are necessary due to this added shot.
4.1.1. Talent starts pooling the cells. 
4.1.2. Talent counting the cells.
4.2. Add 90 microliters DMEM with 10% FBS per well of a 96-well plate. [1-CU] Then add 10 microliters from one aliquot of the virus stock to all 8 wells in the first column of the plate. Mix thoroughly by pipetting up and down at least 10 times. [2-CU]
4.2.1. Talent starts adding DMEM to 96-well plate.
4.2.2. Talent adding virus stock and starts mixing by pipetting.
4.3. Use a multichannel pipette to transfer 10 microliters of each well from the first to the second column and mix thoroughly by pipetting up and down. [1-CU] Repeat this for each column to obtain serial 10-fold dilutions of the virus, using fresh pipette tips for each dilution step. [2-CU] Discard 10 microliters from each well of the last column. [3-CU]
4.3.1. Talent transferring 10 microliters of each well from the first to the second column and pipetting to mix.
4.3.2. Talent discarding tips, adding new tips to the pipette and transferring 10 microliters of each well from the second to the third column.
4.3.3. Discarding 10 microliters from each well of the last column.
4.4. Add 100 microliters of cell suspension with 150,000 cells per milliliters to each well, making sure there are no cell clumps. [1-CU] Incubate at 37 °C, 5% CO2 for 48 h. [2-MED]
4.4.1. Talent starts adding cell suspension.
4.4.2. Placing the plate in the incubator.
4.5. Check for syncytia using a light microscope. [1-MED] Count syncytia in each well of the column with the highest dilution factor containing visible syncytia. [2-LM]
4.5.1. Talent at the microscope.
4.5.2. Image of the cells with syncytia- to be provided by the authors. Editor: Please emphasize the numbering of syncytia (large swollen cells, 1-5) one by one.	Comment by heidbuec: Figures 4-5-2-a_ and 4-5-2-b_ have been uploaded.

4-5-2-b_ is fluorescence microscopy, therefore perhaps add to voiceover: “For viruses encoding a fluorescent reporter, syncytia can be counted using fluorescence microscopy.”
5. Determining Replicative and Cytotoxic Capacities of Viral Vectors Encoding Immunomodulators
5.1. For analysis of measles virus replication kinetics, one day prior to infection seed 100,000 Vero cells in 1 milliliters of DMEM with 10% FBS per well on 12-well plates with at least two wells for each time-point of interest. [1-MED-TXT]
5.1.1. Talent seeding the cells on 12-well plate. TEXT: 12, 24, 36, 48, 72, and 96 h at 37 °C, 5% CO2
5.2. To infect the cells, replace the medium with 300 microliters of serum-free medium containing the respective amount of the virus. [1-CU] Incubate at 37 °C and 5% CO2 for at least 2 h. [2-MED] Remove inoculum, and add 1 milliliters of DMEM with 10% FBS, and continue incubation. [3-CU]
5.2.1. Talent finishes removing old medium and starts adding new one. 
5.2.2. Placing the cells in the incubator.
5.2.3. Talent finishes removing medium and starts adding new.
5.3. At relevant time-points after infection, harvest viral progeny by directly scraping cells into the medium. [1-CU] Transfer contents from each well to an individual tube, store at -80 °C until titration and then proceed as described in the manuscript. [2-CU]
5.3.1. Talent starts scraping the cells.
5.3.2. Talent transfers contents from one well to a tube.
6. Assessment of Immunological Functionality of Isolated Virus-encoded Immunomodulators from Infected Cells
6.1. To begin evaluation of BTE-induced, cell-mediated cytotoxicity by LDH release, first isolate secreted transgene products expressed by virus-infected target cells and isolate immune effector cells, as described in the manuscript. [1-MED] 
6.1.1. Talent with samples of isolated proteins, and cells in the hood in front. 
6.2. Then seed target cells in a U-bottom 96-well plate, and include samples as described in the manuscript. [1-CU-TXT]
6.2.1. Talent pipetting the cells in the 96-well plate. TEXT: 5 x 10³ per well
6.3. Add previously isolated immunomodulators at desired concentrations to the respective samples. [1-CU] Add immune effector cells at desired ratios and add medium to a total volume of 100 microliters per well. [2-CU] Incubate for the desired, previously determined time frames, at 37 °C and 5% CO2. [3-MED-TXT] 
6.3.1. Talent starts adding immunomodulators.
6.3.2. Talent finishes adding the cells and then starts adding the medium
6.3.3. Talent placing the plate in the incubator. TEXT: Between 4 and 48 h
6.4. Forty-five minutes before sample collection, add 10 microliters of 10x lysis solution to wells containing Tmax (pronounce T max) samples and the corresponding medium controls and continue incubation. [1-CU]
6.4.1. Talent adding lysis solution to desired wells. Editor: Show this text when the VO says Tmax  TEXT: target cell maximum lysis control
6.5. Centrifuge the cells at 250 x g for 4 min. [1-MED] Transfer 50 microliters of supernatant from each well to wells of a flat-bottom 96-well plate, making sure not to transfer the cells. [2-ECU] 
6.5.1. Talent placing the plate in the centrifuge and starts the run.
6.5.2. Talent transferring the supernatant to a new plate.
6.6. After preparing substrate solution according to the manufacturer, add 50 microliters to each well. [1-CU] Incubate at room temperature in the dark for 30 min or until Tmax samples turn deep red. [2-MED]
6.6.1. Talent starts adding substrate to the plate.
6.6.2. Talent covering the plate for incubation.
6.7. After incubation, add 50 microliters of stop solution to each well. [1-CU] Centrifuge for 1 min at 4,000 x g [2-MED] and then use a hollow needle to remove air bubbles. [3-ECU] Measure optical absorbance at 490 nanometers and calculate as described in the manuscript. [4-MED]
6.7.1. Talent starts adding stop solution.
6.7.2. Talent placing the plate in the centrifuge and starts the run
6.7.3. Talent poking the bubbles with a needle.
6.7.4. Talent starts measuring the absorbance


7. Results: Evaluation of Tumor-Targeted Immunomodulation by Paramyxoviruses
7.1. After inoculation with unmodified and BTE-encoding oncolytic measles viruses growth curves of the compared vectors on Vero cells appear similar. [1-LM]
7.1.1. Figure 6A Video editor: When the VO says “After inoculation with unmodified” highlight the black curve and the word MV, when they say “BTE-encoding oncolytic measles viruses” highlight the red curve and the word MV-H-mCD3xhCD20.
7.2. Cell viability curves on MC38 (M-C-38) murine colorectal carcinoma cells stably expressing human carcinoembryonic antigen and the MV receptor CD46 after inoculation show that lytic activity of the transgene-encoding virus lags behind in the murine tumor cell line. [1-LM]
7.2.1. Figure 6B Video editor: When the VO says “cells stably expressing human carcinoembryonic antigen and the MV receptor CD46“ highlight the black curve and word MV, when they say  “lytic activity of the transgene-encoding virus” highlight red curve and word MV-H-mCD3xhCD20.
7.3. Flow cytometry of target antigen-expressing cells incubated with BTEs at five different dilutions showed BTE binding by cells in a concentration-dependent manner. [1-LM]
7.3.1. Figure 7A Video editor: When the VO says “incubated with BTEs at five different dilutions showed BTE binding by cells in a concentration-dependent manner” highlight the plots one by one.
7.4. An immunoblot after magnetic pulldown of BTE-associated cells showed that when non-targeting BTEs were used there were no detectable amounts of cells, whereas when targeting BTE samples were used bound cells were present in the elution fraction. [1-LM]
7.4.1. Figure 8 Video editor: When the VO says “when non-targeting BTEs were used there were no detectable amounts of cells” highlight the empty space above n1 and n2, when they say “whereas when targeting BTE samples were used bound cells were present in the elution fraction” highlight two bands above t1 and t2 that are all the way to the left.
7.5. BTE-mediated, target antigen-specific and concentration-dependent cytotoxicity of murine T cells is indicated by a representative LDH release assay, and shows that, in the present example, 15% specific cell killing was achieved at a relatively high BTE concentration of 1 micrograms/milliliters, compared to reference cells. [1-LM]
7.5.1. Figure 9 Video editor: When the VO says “15% specific cell killing was achieved at a relatively high BTE concentration of 1 micrograms/milliliters” highlight the first red dot on the left side of the red curve, and when they say “compared to reference cells” highlight the corresponding dot on the black curve.

8. Conclusion (said by authors on camera)
8.1. JPWH: While attempting this procedure [1-MED], it’s important to remember to regularly monitor cells [2-LM] to check progression of infection [3-LM].
8.1.1. JPWH speaking interview style
8.1.2. Figure from step 3.1.3. Figure of large syncytia, consisting of 20 or more cells- to be provided by the authors	Comment by heidbuec: Please use figures 3-1-3-a_ and 3-1-3-b_
8.1.3. [bookmark: _GoBack]Figure 4 C, D 	Comment by heidbuec: Please use figures 3-6-2-a_ and 3-6-2-b_ instead, as in step 3.6.2.
8.2. JPWH: Don't forget that recombinant measles vaccine strains, though attenuated, may be hazardous, especially to immunosuppressed individuals. Avoid exposure by following the appropriate biosafety procedures. Individuals handling viruses should be vaccinated before performing these methods.   [1-MED]
8.2.1.1. JPWH speaking interview style
8.3. CEE: Following this procedure, viral expression of further transgenes can be achieved in order to analyze virus-host interactions and therapeutic effects. [1-MED]
8.3.1. CEE speaking interview style
8.4. CEE: The development of these techniques has paved the way for researchers in the field of virotherapy to explore the effects of locally expressed immunomodulators in numerous tumor entities in vitro, in vivo, and also in clinical trials. [1-MED]
8.4.1. CEE speaking interview style

   

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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