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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N___ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies. 
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ___Y___ 
B.   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 steps  Step #3: HCV RNA transfection and sample collection
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?   Most of the experimental steps are straightforward.  Major concern is biosafety, and we will make sure NOT to have live infectious virus used during filming. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to investigate various stages of the hepatitis C virus replication cycle. (Intro)

This is accomplished by first generating HCV genomic RNA transcripts from linearized HCV plasmid constructs. (P1, show left image of tube with “HCV genomic RNA generation” box and if possible make the initial solution clear.  Then make a “linearized HCV plasmid label” and black arrow appear pointing into tube followed by the solution color changing to blue.)

The second step is to transfect the cells with HCV RNA. (P2, show P1 tube and second cuvette image with “Delivering HCV RNA into cells by electroporation” box.  If possible, show a pipette and lower it into the tube as if to remove the blue liquid.  Then move it away from the tube and toward the cuvette as if to add the blue liquid to the cuvette.) 

Next, the cells are plated for various time points and assays. (P3, show P2 cuvette and third image plate and bottle with “Plating cells for various time points” box.  If possible, show a pipette and move it toward the cuvette as if to remove liquid from it. Then lower the pipette onto the plate as if to add the liquid to it.  If possible, repeat the animation for the bottle. Actually the cells were first transferred to a conical tube from cuvette. Subsequently, from the conical tube, the cells were distributed to plate and flask. Please see video clips 3.4.1 and 3.5.1.)

[bookmark: _GoBack]The final step is to collect the cell culture supernatant for measuring viral titer and harvest transfected cells for protein and RNA. (P4, show P3 plate and bottle, a pipette, and an empty tube similar to the one in P1.  If possible, lower the pipette onto the plate as if to remove the cell culture supernatant from it.  Then move the pipette toward the tube as if to add liquid to it and make a blue (or other color) solution appear in the tube.  If possible, repeat the animation for the bottle.)

Ultimately, Reverse-transcription PCR, Western blotting, Immunofluorescence assay, and HCV titer are performed and demonstrate a robust HCV infectious cell culture system. (P5, show Figure 4A.  If possible, make right bullet points and “Virological assays on collected samples” box in image below appear under this figure.)

Video Editor: Use 51362_Procedural Narrative.pptx
[image: ]



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Vaithi Arumugaswami: The main advantage of this infectious Hepatitis C Virus cell culture system over the HCV replicon system, is that viral entry, virion assembly and egress steps can be investigated.   
1.2. Vaithi Arumugaswami: This protocol can help answer key questions in the hepatitis C virology field, such as virion morphogenesis and host-pathogen interaction.  RE: OPTIONAL
1.3. Vaithi Arumugaswami: The implications of this technique extend toward vaccine development as it allows characterization of attenuated viral strains that can be evaluated as potential vaccine candidates.   RE: OPTIONAL
1.4. Deisy Contreras: Though this method can provide insight into hepatitis C virus, it can also be applied to other RNA viruses in the family of Flaviviridae. RE: OPTIONAL
1.5. Deisy Contreras: Generally, individuals new to this method will be faced with challenge of generating high quality HCV genomic RNA. RE: OPTIONAL
1.6. Deisy Contreras: Studying the complete replication cycle of HCV became feasible in cell culture following the discovery of a genotype 2a HCV Japanese Fulminant hepatitis-1 isolate.
1.7. Songyang Ren: Visual demonstration of virological assays is critical, because assays require expertise in both molecular and cellular techniques.  


Protocol (read by voice talent at JoVE):
2. In Vitro HCV RNA Transcription
2.1. Using an intragenotype 2a chimeric virus FNX-HCV and FNX-HCV Pol null HCV for evaluation of viral replication, linearize previously generated viral plasmids by digestion with XbaI restriction enzyme in a 0.2 ml tube. Then, treat the plasmids with mung bean nuclease to generate blunt ends. 
2.1.1. MED: Talent adds Xbal restriction enzyme to tube containing appropriate components.
2.1.2. MED-over the shoulder: Talent adds mung bean nuclease to tube.
2.2. Purify the digested plasmids by anion-exchange chromatography. Verify the integrity of the linearized plasmid by subjecting DNA to agarose gel electrophoresis. 
2.2.1. MED: Talent places sample in HPLC instrument column for anion-exchange purification.
2.2.2. CU: Agarose gel as talent loads adds sample to it. [Take 2]
2.3. Next, add the linearized plasmid DNA template into a 0.2 ml tube containing T7-RNA polymerase reaction components to synthesize HCV genomic RNA transcripts. 
2.3.1. MED-over the shoulder: Talent adds DNA template into tube containing polymerase reaction components.
2.4. Purify the newly synthesized DNase-treated RNA using an RNA purification kit. Then, verify the RNA production by agarose gel electrophoresis. 
2.4.1. CU: Tube containing purified RNA as talent removes column from it.
2.4.2. MED-over the shoulder: Talent loads sample onto the agarose gel. [Take 1]
2.5. Following this, quantify the RNA by spectrophotometry. 
2.5.1. MED: Talent places RNA sample in spectrophotometer.
3. HCV RNA Transfection and Sample Collection
3.1. Detach Huh-7 based adherent cells using trypsin enzyme treatment and collect the cells into a 50 ml conical tube. Following centrifugation, resuspend the cell pellet with cold low serum media.  
3.1.1. CU: Huh-7 based adherent cells as talent adds trypsin enzyme treatment to them. [Take 2]
3.1.2. MED-over the shoulder: Talent adds cells to conical tube. [Take 2]
3.1.3. MED: Talent adds cold low serum media to tube containing cell pellet. [Take 1]
3.2. After repeating the centrifugation, resuspend the cells in low serum media at 1x107 cells per ml. 
3.2.1. CU: Tube containing cells as talent adds low serum media to it. [Take 2]
3.3. Next, mix a total of 10 μg of transcribed viral RNA with 400 μL of resuspended cells into a pre-chilled 0.4-cm electroporation cuvette. Deliver the viral RNA into the cells using an electroporator at 270 V, 100 ohms, and 950 μF (pronounced microfarads).
3.3.1. MED-over the shoulder: Talent adds transcribed viral RNA and resuspended cells to pre-chilled electroporation cuvette. [Take 2]
3.3.2. MED: Talent places cuvette in electroporator, programs the appropriate settings, and turns it on. [Take 4]
3.4. When finished, resuspend the electroporated cells in 10 mL of complete growth media with 15% FBS (TEXT: Increased survivability of electroporated cells is seen when Huh-7.5.1 cells were cultured in 15% FBS).
3.4.1. CU: Electroplated cells as talent adds completed growth media to them. [Take 3]
3.5. At this point, plate the cells in both T-25 flasks at ~1.2 X 106 cells per flask and 48-well plates at 1 X 104 cells (TEXT: T-25 flasks at ~1.2 X 106 cells per flask; 48-well plates at 1 X 104 cells) per well for 4, 48, and 96 hour time points. Replace the media at 4-8 hours post-transfection with fresh supplemented growth media with 10% FBS to remove dead cell debris from the cultured flasks and plates.
3.5.1. MED: Talent plates cells in T-25 flasks and 48-well plate.
3.5.2. MED-over the shoulder: Talent replaces the media in the T-25 flasks and 48-well plates.
3.6. Using a serological pipette, harvest the cell culture supernatants at the 48 and 96 hour time points into a 50 ml conical tube. Then, remove cellular debris from the collected samples by centrifugation at 1,500 RPM for 10 minutes at 4°C. 
3.6.1. CU: Conical tubes as talent adds cell culture supernatants to them.
3.6.2. MED: Talent places tubes in centrifuge, programs the appropriate settings, and turns it on.
3.7. Following centrifugation, store the cell-free supernatants at -80°C. Lyse the cells for protein and RNA analysis by Western blot and reverse transcription-quantitative PCR, or RT-qPCR, at the indicated time points.  
3.7.1. MED-over the shoulder: Talent places tubes in -80°C freezer.
3.7.2. MED: Talent lyses the cells for protein and RNA analysis.
4. RT-qPCR for Assessing HCV Genome Copies and Western Blot Analysis for Detecting HCV Protein Expression 
4.1. Reverse transcribe 1 μg of total cellular RNA using reverse transcriptase enzyme and a primer specific for the HCV sense strand that binds to the 5’ untranslated region in a 0.2 ml tube. Also reverse transcribe FNX-HCV RNA of known genome copies using an HCV sense strand primer. 
4.1.1. CU: Tube as talent adds total cellular RNA, reverse transcription enzyme, and appropriate primer to it.
4.1.2. MED: Talent adds appropriate reagents including reverse transcription enzyme HCV sense strand primer to another tube.
4.2. Using a real-time PCR system, carry out qPCR by using 50 ng of the resulting transcribed cDNA using specific HCV primers and DNA binding green dye containing qPCR super mix (TEXT: Perform qPCR for housekeeping gene PPIG as well). Use the following conditions when running qPCR to determine the HCV RNA copy number (TEXT: 95 °C for 15 s and 60 °C for 30 s (40 cycles)).
4.2.1. MED-over the shoulder: Talent adds appropriate reagents to each PCR tube.
4.2.2. MED: Talent places samples in PCR instrument and sets the appropriate settings to start the run.
4.3. Following qPCR, resolve the cell lysate from the viral RNA transfected at 96 hours post-transfection using SDS-PAGE. Then, transfer the resolved proteins in the gel to a polyvinylidene difluoride membrane by trans-blot turbo method. 
4.3.1. MED-over the shoulder: Talent loads sample onto SDS-PAGE gel.
4.3.2.  CU: Polyvinylidene difluoride membrane as talent removes gel from it to show the transferred proteins.
4.4. Block the membrane using a blocking solution containing 5% skim milk and 0.2% Tween 20 in PBS and placed in a container. Incubate the membrane with primary mouse monoclonal antibody NS3 at a 1 in 1,000 dilution and beta-actin at a 1 in 5,000 dilution in a 4°C cold-room. 
4.4.1. MED-over the shoulder: Talent adds blocking solution to container with membrane.
4.4.2. MED: Talent adds appropriate components to membrane and places the container in the cold room for incubation.
4.5. After incubation, add goat anti-mouse immunoglobulin G conjugated to horseradish peroxidase at a 1 in 5,000 dilution and detect by chemiluminescence.  
4.5.1. CU: Container with sample as talent adds appropriate components to it.
4.5.2. MED-over the shoulder: Talent places membrane sample in chemiluminscence instrument x-ray film cassette for image development.
5. Immunofluorescence Assay
5.1. At this point, fix the HCV-RNA transfected cells using methanol for 30 min at -20°C for the immunofluorescence assay. When finished, wash the cells with PBS three times.  
5.1.1. MED: Talent adds methanol to the transfected cells and places them in -20°C freezer.
5.1.2. MED-over the shoulder: Talent adds PBS to cells.
5.2. After blocking with immunofluorescence assay blocking buffer, use rabbit polyclonal anti-NS5A primary antibody and mouse monoclonal anti-dsRNA antibody J2 at a dilution of 1:200 and incubate for 5h to overnight in a 4°C cold room. 
5.2.1. CU: Cells as talent adds appropriate components to them.
5.2.2. MED: Talent places cells in the cold room for incubation.   
5.3. Following incubation, wash the cells with PBS three times after the primary antibody. Then, add goat anti-rabbit immunoglobulin G 488 polyclonal secondary antibody and goat anti-mouse immunoglobulin 594 polyclonal secondary antibody at a 1 in 1,000 dilution and incubate for 1 hour at room temperature on a tabletop rocker.    
5.3.1. CU: Cells as talent adds PBS to them.
5.3.2. MED: Talent adds appropriate components to cells, places them on tabletop rocker, and turns it on.
5.4. After washing the cells with PBS three times, stain the nuclei using Hoechst dye and view using a fluorescent microscope.
5.4.1. MED-over the shoulder: Talent adds dye to cells for staining.
5.4.2. SCREEN: Computer screen as talent views cellular image.
6. Measuring Virus Titer
6.1. Next, plate naïve Huh-7.5.1 cells at approximately 3 x 103 cells per well using a 96-well plate. The next day, perform 10-fold serial dilutions of cell-free culture supernatant harvested from HCV RNA transfected cells using growth media and inoculate in triplicate onto Huh-7.5.1 cells. 
6.1.1. CU: 96-well plate as talent plates Huh-7.5.1 cells.
6.1.2. MED-over the shoulder: Talent adds growth media to the cell-free culture supernatant and prepares serial dilutions. cell-free viral culture supernatant to the growth media and prepares serial dilutions.
6.1.3. MED: Talent inoculates onto Huh-7.5.1 cells.
6.2. Fix the cells at 72-hours post-infection using methanol for 30 min at -20°C. After removing the cells from the freezer, immunostain for HCV NS5A protein using the previously described conditions.
6.2.1. MED-over the shoulder: Talent adds methanol to the transfected cells and places them in -20°C freezer.
6.2.2. CU: Cells as talent adds appropriate stain to them.
6.3. Using a fluorescent microscope, count the NS5A positive cell foci in the well with the highest viral dilution and calculate the average number of focus forming units per milliliter. 
6.3.1. SCREEN: Computer screen of cellular image as talent counts NS5A cell foci.
6.3.2. SCREEN: Computer screen as talent calculates average number of focus forming unit per milliliter using an excel spreadsheet.
7. Results: Analysis of Hepatitis C Virus Replication
7.1. The linearized HCV plasmid quality was assessed by gel electrophoresis. The HCV DNA was subjected to T7 RNA polymerase-mediated in vitro transcription, which yielded a single RNA product at 9.6 kilobases. 
7.1.1. LAB MEDIA: Figure 2B (Fig 2.eps) (Video Editor: Show this figure for first sentence).
7.1.2. LAB MEDIA: Figure 2C (Fig 2.eps) (Video Editor: Show this figure for second sentence. Show gel first and then make “9.6 kb” with corresponding black arrow appear).
7.2. RT-qPCR results indicated that the wild-type virus replicated the genome efficiently. The wild-type exhibited a 1-3 log higher level of genome replication compared to Pol-virus.
7.2.1. LAB MEDIA: Figure 3A and 3B (Fig 3.eps) (Video Editor: Show both figures for both sentences but  highlight 3B for second sentence). 
7.3. The wild-type virus produced the NS3 protein involved in viral protein cleavage and genome replication. The wild-type virus also expressed NS5A protein, and the NS5A protein and double-stranded RNA co-localized in the cellular cytoplasm of wild-type transfected cells, suggesting active viral replication. 
7.3.1. LAB MEDIA: Figure 3C (Fig 3.eps) (Video Editor: Show this figure for first sentence. Show Western blot first and then make “NS3”, “70”, “actin”, “42” and corresponding black arrows appear).
7.3.2. LAB MEDIA: Figure 3D (Figure 3.eps) (Video Editor: Show this figure for second sentence. Point to “NS5A” column for first part of sentence and draw a square around the “WT” row for second part of sentence. Alternatively, point to “WT” row for second part of sentence). 
7.4. Virus titer measurements indicated that the WT virus is infectious and produces over ten thousand foci forming units/ml of infectious particle.
7.4.1. LAB MEDIA: Figure 4 (Fig 4.eps) (Video Editor: If only Figure 4A or Figure 4B can be shown, show the former).
7.5. At 6 hours post-transfection, both wild-type and Pol-viruses had similar luciferase activities, indicating a similar input level of transfected RNA had been translated. However, at 48 hours and 96 hours post-transfection, the wild-type virus exhibited increased genome replication levels compared to Pol-virus. 
7.5.1. LAB MEDIA: Figure 5B (Fig 5.eps) (Video Editor: Highlight 6 hour time point on graph for first sentence. Highlight 48 and 96 hour time points for second sentence).
7.6. The wild-type virus also produced viral NS3 protein. The Pol- virus had base-level luciferase activity, whereas the wild-type virus had a 2-3 log higher level of replication compared to Pol-reporter virus. 
7.6.1. LAB MEDIA: Figure 5C (Fig 5.eps) (Video Editor: Show this figure for first sentence).
7.6.2. LAB MEDIA: Figure 5D (Fig 5.eps) (Video Editor: Show this figure for second sentence. Point to the top of the “Pol-” bars for first part of sentence and the top of the “WT” bars for the second part of the sentence).

8. Conclusion (said by authors on camera)
8.1. Songyang Ren: Once mastered, hepatitis C virological assays can be done in two weeks if they are performed properly.
8.2. Deisy Contreras: While attempting this procedure, it’s important to have robust cells and high quality HCV genomic RNA transcripts. RE: OPTIONAL
8.3. Deisy Contreras: Following this procedure, characterized HCV strains can be tested in animal model systems to investigate in vivo fitness and host-pathogen interactions. RE: OPTIONAL
8.4. Deisy Contreras: The development of an infectious HCV cell culture system paved the way for researchers to explore the virion morphogenesis and viral egress steps of the HCV replication cycle. RE: OPTIONAL
8.5. Vaithi Arumugaswami: After watching this video, you should have a good understanding of how to perform various virological assays for characterizing different stages of the hepatitis C virus replication cycle.
8.6. Deisy Contreras: Don't forget that working with hepatitis C virus can be extremely hazardous and biosafety precautions such as wearing appropriate personal protective equipment should always be taken while performing this procedure.   


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.

SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions. 


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.
 2012, Journal of Visualized Experiments
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