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TITLE: Vaccinia reporter viruses for quantifying viral function at all stages of gene expression

Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  no
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? The steps involving data normalization (step 5) include displaying the analysis using several pieces of software (Tecan i-control data acquisition, MS Excel and Graphpad PRISM).
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 

3.6, 3.9, 4.1, 5.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

Ensuring that your plate reader settings are appropriate and provide adequate signal to noise values. These settings need to be optimized depending on the plate reader.  

1. Introduction (Schematic Overview and Interview)

· Schematic Overview (read by voice talent at JoVE): 
· (intro) The overall goal of this procedure is to identify the stages where viral gene expression is affected by chemical treatment.
· Intro
· (P1) To do this, tissue culture cells are plated and incubated until confluent. 

· LAB MEDIA: 5122_Rozelle_Schematic_P1 (ANIMATION: JoVE provided pipette adding “cells” to the plate)
· (P2) The cells are then infected with either a *triple reporter vaccinia virus or a control, **promoterless virus.
· LAB MEDIA: 5122_Rozelle_Schematic_P2 (ANIMATION:  P2: *Instead of purple- use a different shade of gray, this should appear when indicated, then **grey appears)
· (P3) Next, treatment compounds are applied…
· 5122_Rozelle_Schematic_P3 (ANIMATION: P3: Letters indicating treatment appear- do not use color, as this is confusing)
· (P4)…and the cells are incubated for 18 hours to allow the completion of all stages of viral gene expression.
· 5122_Rozelle_Schematic_P4 (ANIMATION:  (P4) Show the colors fade in and the letters fade out (simultaneously))
· (P5) The resulting fluorescence is then determined using a plate reader.
· JOVE MEDIA:  Plate reader (ANIMATION: Editors, if we have an illustration of a plate reader, please use it here to show plate insertion into plate reader)
· (P6) Ultimately results can be obtained that show the relative changes in expression caused by the experimental compounds.
· LAB MEDIA: 51522_Rozelle_Figure 2A
[image: image1.png]Plate cells and
incubate until confluent

Infect in triplicate with
@ Triple Virus and ) Promoterless Virus

Add treatment compounds

Incubate 16 hpi and
read fluorescence on plate reader





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

1.1. [Dan Rozelle] The main advantage of this technique over infection with a virus that expresses a single fluorescent fusion-protein is that this set of viruses provides more information about where in the viral life-cycle a specific therapeutic drug is acting, providing insight into it’s mechanism of action.   

1.1.1. Interview style

1.2. [Claire Marie Filone] Though this method can be used to identify inhibitors of viral infection, it can also be used to detect the stage of viral replication completed in non-permissive cell lines or in RNAi screens identifying cellular factors necessary for infection.
1.2.1. Interview style

Protocol (read by voice talent at JoVE)
2. Multi-Stage Reporter Viruses  
2.1. This protocol utilizes the triple virus, or “TrpV” multi-stage reporter virus in which three spectrally-distinct fluorophores are incorporated into the double stranded genome of a single vaccinia virus. 

2.1.1. 51522_Rozelle_SchematicB1-TrpV
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2.2. Each of these fluorophores is controlled by a well-defined, stage specific promoter: the C11R promoter for early expression of VENUS, the G8R intermediate promoter for expression of mCherry, and the F17R promoter for late-stage expression of TagBFP.
2.2.1. 51522_Rozelle_SchematicB1 (Highlight each piece as it is mentioned)
2.3. Thus, Venus, mCherry and TagBFP are sequentially expressed during infection. 
2.3.1. 51522_Rozelle_SchematicB1 (Highlight or emphasize Venus, mCherry, and TagBFP as they are mentioned above)
2.4. As a control, a promoter-less virus (PLV) is used.  PLV contains a similar VENUS construct to that in the TrpV, however, it does not have a functional transcription promoter. 
2.4.1. 51522_Rozelle_SchematicB2-PLV  (Highlight VENUS)
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3. Plating and Infecting Cells

3.1. (Text overlay: DMEM, 2 mM L-glut, 10% FBS) Begin this protocol by dissociating HeLa cells grown on a 10 cm dish.  Dilute the cells in growth medium to approximately 2.0 x 10^5 cells/mL.   Then, dispense 100 μL in each well of a black-walled clear flat-bottom 96-well plate. (Text overlay: 20,000 cells/well). 
3.1.1. MED:  Talent pipettes trypsin onto cell dishes
3.1.2. CU:  Talent adds medium to cells in a tube
3.1.3. CU:  Talent place cells onto black 96 well plate
3.2. Incubate the cells for 24 hours in a 37˚C incubator with 5% CO2 until they are confluent.
3.2.1. MED:  Talent places the plate in the incubator

3.3. To dilute the viruses, thaw TrpV and PLV in a 37˚C water bath.  Then, sonicate for 5 minutes to disaggregate.  (Text overlay:  Alternatively, crude virus stocks can be mixed 1:1 with 0.25 mg/mL trypsin in infection medium and incubated at 37˚C for 30 minutes)
3.3.1. MED:  Talent places the TrpV and PLV in a water bath

3.3.2. CU:  Talent sonicates viral stocks

3.4. Next, dilute the virus stock to 1.0x10^7 PFU/mL in infection medium that has been pre-warmed to 37˚C.  (Text overlay: DMEM, 2 mM L-glut, 2% FBS). 
3.4.1. CU:  Talent dilutes virus stock in infection medium to dilute the virus stock 

3.5. To infect the cells, replace growth media with 50 μL of the diluted virus to each well. For each treatment, infect 3 replicate wells with TrpV and another 3 with PLV to account for background fluorescence specific to each treatment.  This is defined as time = 0 hours post infection (0 hpi). 

3.5.1. CU:  Talent adds virus to the plate
3.5.2. LAB MEDIA: 51522_Rozelle_Figure 1 (do not show text on right side of plate, highlight TrpV wells, then highlight PLV wells)
[switch order of 3.6 and 3.7]
3.6. Next, for each treatment condition, make a 2x master mix by diluting the experimental compounds or vehicle control solvents, such as PBS or DMSO, into enough of the infection medium for all replicates plus one. 
3.6.1. MED:  Talent begins making master mix 
3.7. For example, make 350 μL for six 96-wells with 50 μL each. Each compound should be diluted to twice the final concentration since it will be added to the inoculum volume already in the well.
3.7.1. CU:  Talent pipettes into microcentrifuge tube to bring volume up to 350 µL

3.8. [Dan Rozelle] “Note that the final concentration of solvent should be the same for experimental compounds and vehicle-controls. For example, if your IBT stock is made with DMSO and used at a final concentrations of 1 µl/ml, then use DMSO alone at 1ul/ml as the vehicle control.”
3.8.1. MED:  Talent looks up from pipetting and says the above line

3.8.2. Immediately after adding the virus, add 50 μL of infection medium containing the desired treatment and control compounds to each well as shown in this illustration.  Note that each compound is tested with TrpV and PLV in triplicate, and a vehicle control is run in triplicate for each virus.     
3.8.3. CU:  Talent adds infection medium with control compounds to each well (do 2 takes)
3.8.4. LAB MEDIA:  51522_Rozelle_Figure 1(Highlight the compounds on the right side of the image, then highlight TrpV and PLV wells, then highlight vehicle control row)
3.9. Incubate for 18 hours in a 37˚C incubator + 5% CO2. 

3.9.1. MED:  Talent places plate in incubator

4. Fixing cells

4.1. The next day, fix the cells by adding 100 μL of 8% paraformaldehyde to the infection medium already in each well. Incubate the plate at room temperature for 15 minutes protected from light.

4.1.1. CU:  Talent adds PFA to each well and puts on lid or places in box to protect from light
4.2. [Dan Rozelle] “Adding 2x  --or 8%-- paraformaldehyde directly to the infection medium will prevent aerosolization of the virus, which can occur if high-titer medium is inverted directly into waste dish prior to fixation.
4.2.1. MED:  Talent looks up from placing lid and says the above line
4.3. After 15 minutes have passed, remove the fixative by inverting the plate into the waste dish.   Then, add 100 μL of room temperature PBS and seal the plate with optically clear adhesive film. 
4.3.1. CU:  Talent inverts plate into waste dish

4.3.2. CU:  Talent adds PBS and seals plate

4.4. If the plate will not be read immediately, store it at 4˚C. Be sure to return the sealed plates to room temperature before reading them to prevent condensation from distorting spectrophotometer measurements.

4.4.1. MED:  Talent places plates in fridge

5. Quantify Virus Growth

5.1. To quantify virus growth, use a spectrophotometer to measure endpoint fluorescence. Take four measurements per well using optimized gain settings for each channel. 
5.1.1. MED:  Talent inserts plate in spectrophotometer, inserts plate, and begins taking readings (30 seconds of video needed)

5.2. The Tecan Infinite M1000 PRO plate reader used in this video exports raw fluorescence measurements to a Microsoft Excel file.   After the readings have been obtained, open the raw data in Microsoft excel, then copy and paste it into a GraphPad® PRISM results sheet.

5.2.1. MED:  Talent opens file is MS excel

5.2.2. SCREEN:  Talent copies and pastes the info into PRISM (5-2-2_copy excel to prism.mov)
5.3. In PRISM, determine the mean of replicate TrpV and PLV wells, then subtract the mean PLV value from the mean TrpV value for each treatment. 
5.3.1. SCREEN:  Talent determines the mean of the replicate wells and subtracts the PLV value from the mean TrpV value (5-3-1_mean and subtraction in prism.mov)
5.4. To facilitate comparison with replicate experiments, normalize the data by dividing the background subtracted data by the vehicle-only TrpV wells.
5.4.1. SCREEN:  Talent normalizes data by dividing background subtracted data by vehicle-only TrpV wells (5-4-1_normalization in prism.mov)
5.5. Once an experiment has been repeated multiple times, perform a one-way analysis of variance or “one-way ANOVA” test and multiple comparison post-test to determine whether any of the treatments are significantly different from the DMSO treatment for each channel. 
5.5.1. MED:  Talent, seated at computer, plots results of 1 way ANOVA and multiple comparison post-test  (Do 2 takes) (SCREEN was also taken for this step if it looks better than a camera shot)
6. Alternative Protocol - Kinetic Plate Assays

6.1. To perform kinetic assays, infect the cells and apply test compounds as before.  It is particularly important to use a buffered medium to maintain proper pH without addition of 5% CO2. 

6.1.1. USE SHOT 3.9.1 unless this is visually different 

6.2. After sealing the plate with adhesive film, place it in the plate reader chamber equilibrated to 37˚C. Special care must be taken to keep plates consistently at 37˚C.  This will prevent undue cell stress and condensation. 
6.2.1. CU:  Talent seals plate with adhesive film

6.2.2. MED:  Talent places plate in the plate reader chamber

6.3. Manually set the plate reader gain to prevent saturation of later time points. (Text overlay: Accurate gain optimization can be obtained by performing an endpoint assays under similar conditions.)
6.3.1. CU:  Talent sets the plate reader gain 

6.4. Acquire hourly readings for 8-24 hours following infection and normalize as for the endpoint assay.

6.4.1. MED:  Talent closes plate reader chamber and begins taking readings

6.5. Individual time points can be analyzed for statistical significance using similar methods as the previously described endpoint assay.
6.5.1. Use 5.5.1 Talent, seated at computer, plots results of 1 way ANOVA and multiple comparison post-test

7. Effect of poxvirus inhibitors on TrpV expression (200 word limit)
7.1. To compare points of inhibition, HeLa cells infected with TrpV or PLV vaccinia, were grown in the presence of the poxvirus inhibitors AraC, IBT, Rifampicin, and ST-246. (Text overlay: AraC =1-β-D-Arabinofuranosylcytosine , IBT= isatin β –thiosemicarbazone)
7.1.1. 51522_Rozelle_Figure 2B (highlight each compound as it is mentioned)
7.2. This time-lapse movie shows the sequential expression of green, red and blue fluorophores during virus growth in control cells.
7.2.1. TrpV.avi movie
7.3. When infected in the presence of the DNA replication-blocking drug, AraC, the early green fluorophore is produced as before, but intermediate and late production of red and blue fluorescence does not occur.
7.3.1. TrpV+AraC.avi movie
7.4. Quantitative analysis by spectrophotometry showed a 210% increase in early gene expression, but a lack of intermediate and late expression in cells treated with AraC. 
7.4.1. 51522_Rozelle_Figure 2A (Highlight AraC bars)
7.5. Cells infected in the presence of IBT, which is thought to promote read-through transcription, had intermediate and late expression levels that were 24.7% and 2.9% of control levels.  
7.5.1. 51522_Rozelle_Figure 2A (Highlight IBT bars)
7.6. Cells infected in the presence of ST-246 and Rifampicin, which inhibit after late gene expression during virion assembly and maturation, were not significantly different from controls.   
7.6.1. 51522_Rozelle_Figure 2A (Highlight ST246 and then Rifampicin bars)
7.7. These results are consistent with the understood mechanism of action of these compounds and suggest that the TrpV reporter virus can be used to identify the specific stage of viral inhibition for unknown compounds.
7.7.1. 51522_Rozelle_Figure 2A
8. Conclusion (said by authors on camera)
8.1. [Dan Rozelle]: While attempting this procedure, it’s important to remember to include appropriate controls. Not only does this allow for the proper normalization of results, but also to help determine a potential mechanism for your experimental compound.
8.1.1. Interview style
8.2. [Claire Marie Filone]: Don't forget that working with vaccinia virus can be extremely hazardous.  Always wear proper personal protective equipment and follow recommended BSL2 containment techniques.  
8.2.1. Interview style
Provided Media

51522_Rozelle_SchematicOverview
51522_Rozelle_SchematicB1
51522_Rozelle_Schematic B2
51522_Rozelle_Figure 1

51522_Rozelle_Figure 2B  (Please provide as stand-alone figure)

51522_Rozelle_Figure 2A (Please provide as stand-alone figure)
51522_Rozelle_ TrpV.avi

51522_Rozelle_ TrpV+AraC.avi

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.

( 2010, Journal of Visualized Experiments


