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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  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No. If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number.   Steps: 1.5, 2.2, 2.4, 3.2, 4.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number: 2.3, 2.4.2 and 2.4.4. Check temperature by hand and visually inspect Avicel mixture to ensure homogenization.
E.  Will the filming need to take place in multiple locations? (Y/N)  No.  If yes, how far apart are the locations? ___________________________________________________

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 determine viral concentration through the quantification of infectious virions by counting discrete plaques in cell culture. (Intro – title card)
This is accomplished by first plating cells to form a confluent monolayer for infection. (P1 – if possible please fill the ‘dish’ with small spots of the same color gray in P3. The spots should fill about 70% of the inner circle. These will represent the cells being plated). 
The second step is to perform serial dilutions of the unknown viral sample to be quantified. (P2. Show the 5 test tubes with arrows and dilutions then appearing from left to right). 
Next, the confluent monolayers are infected using the serial dilutions of the viral stock (P3 Show the circular dish followed by the test tube and then the arrow and text), followed by application of an immobilizing overlay (P4 Light grey container of media appears first with text followed by the circular dish filled with the grey from P3 and then the arrow. The grey then becomes changes to the lighter shade shown in P4). 
The final step is to fix and stain the plaques after the appropriate incubation time for the virus in question in order to count the discrete plaques. (P5 – show dishes and text). 
Ultimately, plaque assays can be used and modified in a number of different ways in order to determine the viral titers of an unknown viral sample. (P6 – add P6 dish to the P5 image). 
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Alan Baer: The main advantage of this technique over existing methods, like semi-solid overlays, is that application and removal are simpler for both traditional and high throughput usage and no heating is required.   

1.2. Kylene Kehn-Hall: The implications of this technique extend toward the research of many different lytic viruses, as the use of liquid overlay in a 96-well format allow for the rapid screening of novel therapeutic compounds which can greatly decrease the long hours spent in laboratories performing traditional plaque assays.

1.3. Kylene Kehn-Hall: Alan Baer a PhD student from my laboratory will be demonstrating the procedure.  

1.3.1. Interview style: Author saying the above 

1.3.2. 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. Preparation of Cells and Reagents. 
2.1. On the day prior to the assay, plate the appropriate cells for the virus in question in order to achieve 90-100% confluency the day of infection [2.1.1-MED-TXT]. 

2.1.1. TEXT: See Table 1 for suitable cell lines.   

2.2. The stock solutions can also be prepared the day before the assay [2.2.1 - MED – over the shoulder]. First prepare a fixing solution of 10% formaldehyde in distilled water by mixing 5.56 ml of 36% stock formaldehyde with 14.44 ml of distilled water [2.2.2-MED]
2.2.1. Talent places bottles of formaldehyde and water into fume hood.
2.2.2. Show PFA label if possible. 
2.3. Then prepare the crystal violet stain consisting of 1% crystal violet in 20% ethanol diluted with distilled water [2.3.1-MED- over the shoulder]. 
2.3.1. Show crystal violet label if possible. 
2.4. Next, while working under sterile conditions, prepare the appropriate 2X plaque media for the type of cells being used [2.4.1-MED-TXT]. Filter the solution through a 0.2 micron filter if any of the reagents are not sterile [2.4.2-CU]. 
2.4.1. TEXT: See table 2 of the written protocol

2.4.2. *no comment. 

2.5. To prepare a liquid overlay for use in the plaque assay, add 2.4g of Avicel to a flask containing 97.6 milliliters of distilled water that is rapidly mixing with a stir bar [2.5.1-MED]. 
2.5.1. Show Avicel label if possible. 

2.6. Mix the solution at room temperature until it becomes too viscous for the stir bar [2.6.1-CU]. At this point transfer the flask to a flask shaker [2.6.2-WIDE] and heavily agitate it for 30 min to ensure even homogenization [2.6.3-MED]. 
2.7. Finally, autoclave the solution at 121 degrees Celsius at 14psi for 30min, [2.7.1-MED – over the shoulder] and when the program has finished, store sealed at room temperature [2.7.2-MED].  
2.7.1. *no comment. 
2.7.2. Shot will be reused once. 
2.8. For an agarose overlay, prepare a 0.6% agarose stock solution in distilled water, mix with a stir bar, and autoclave to bring into solution [2.8.1-CU]. 

2.8.1. Show agarose label if possible. 

2.9. For a carboxymethylcellulose overlay, prepare a 2% carboxymethylcellulose solution in distilled water and mix, [2.9.1-CU] then autoclave as before [2.7.1-MED – over the shoulder]. 
2.9.1. Show CMC label if possible. 
2.9.2. *no comment. 

3. Dilution and Infection. 

3.1. The day after plating, use an inverted microscope to check the confluency and viability of the cells prior to starting the assay [3.1.1-MED]. Ensure that the cells exhibit standard cellular morphology and approximately 90% confluency [3.1.2-LM]. 
3.1.1. *no comment. 
3.1.2. LAB MEDIA: Figure 1.tif - image of confluent cellular monolayer at 10X. 
3.2. Perform a tenfold serial dilution of the infectious samples in cellular growth media, varying the number of dilutions required based on the expected titer of the virus in question [3.2.1-MED-TXT].  Also, prepare an uninfected control sample to independently ensure cellular viability, and aid in plaque identification [3.2.2-MED]. 
3.2.1. TEXT: See Table 2 for appropriate media
3.2.2. *no comment. 
3.3. Pipette the uninfected control [3.3.1-MED] and serial dilutions into the wells of the plate, being careful to avoid disrupting the monolayer [3.3.2-MED]. Use a sufficient volume of inoculum to cover the cells, while keeping the volume as low as possible to maximize viral contact with the monolayer [3.3.3-CU].  1 shot Audio slated
3.4. Put the plates into the tissue culture incubator and infect the cells for 45 min to 1 hr [3.4.1-WIDE-TXT]
3.4.1. TEXT: See Table 1. 
3.5. Every 20 minutes gently rock the plates to ensure even coverage and to prevent the cellular monolayer from drying [3.5.1-MED – over the shoulder]. 
3.6. During the infection, prepare the overlay working solution [3.6.1-WIDE]. For liquid overlays, mix warmed plaque media and 1.2 to 2.4% room temperature stock Avicel in a 1:1 ratio to obtain a working solution of 0.6 to 1.2% Avicel overlay medium [3.6.2-MED-TXT]. 
3.6.1. Transition shot. 
3.6.2. TEXT: Liquid overlay
3.7. For agarose or CMC overlays, mix warmed plaque media and a stock solution of either heated 0.6% agarose or 2% CMC in a 1:1 ratio [3.7.1-MED-TXT]. Then place in a 56 °C water bath 30 min for temperature equilibration [3.7.2-MED]. Mix the 56 °C agarose with warmed media to obtain an overlay solution with a final agarose concentration of 0.3% or 1% CMC [3.7.2-CU]. Use 3.7.1 CUs
3.7.1. TEXT: Agarose/CMC overlays. 
3.7.2. *no comment. 
3.7.3. *no comment. 
3.8. Ensure the solution is warm, but not hot to the touch to prevent cell death and reduced viral titers, [3.8.1-MED] and apply the appropriate volume of overlay to the monolayer [3.8.2-CU]. Work quickly to avoid solidification of the solution [3.8.3-MED]. 
3.9. After addition of the overlay, incubate plates at 37(C and 5% carbon dioxide for 2–14 days depending on the virus being analyzed [3.9.1-WIDE-TXT]. 
3.9.1. TEXT: See table 1. 
4. Fixing and Staining Cells.
4.1. To fix cells with a liquid overlay, pour off or aspirate the Avicel overlay [4.1.1-MED]. Then pipette 10% formaldehyde solution into the wells [4.1.2-CU] and fix at room temp for 30 min to overnight [4.1.3-MED]. 
4.2. For agarose or CMC, directly add the formaldehyde solution to the overlay for 1 hr to overnight at room temperature [4.2.1-MED]. Use 4.1.2 (upper cells)
4.3. After fixation, discard the formaldehyde [4.3.1-MED] and then manually remove the semisolid plugs for the agarose with a spatula [4.3.2-CU]. Rinse the Avicel plaques with water to remove residual overlay/fixative prior to staining [4.3.2-MED - over the shoulder]. 
4.4. To stain, cover the cells with a minimal amount of crystal violet solution for approximately 15 min [4.4.1-CU]. Rock the plates if necessary to ensure even coverage [4.4.2-MED]. 1 shot
4.5. Gently wash off the crystal violet stain with water [4.5.1-MED].  Once fixed, stained, and dried, store plaques indefinitely for future analysis [4.5.2-WIDE]. 
5. Determining Viral Titers. 
5.1. Count the plaques in each well, discounting wells with fewer than 5 or greater than 100 plaques [5.1.1-MED]. Take the average for any technical replicates of the same dilution [5.1.2-CU]. Take note of plaque size and morphology [5.1.3-MED – over the shoulder]. 
5.1.1. *no comment

5.1.2. Get a top-down view of the plate showing replicates (Have the talent label the plate or a piece of paper under the plate to describe which are the replicates that should be counted.) 5.1.1 and 5.1.2 1 shot
5.1.3. Talent writes notes into lab notebook.
5.2. Determine the viral titer of the stock sample by taking the average number of plaques for a dilution and the inverse of the total dilution factor [5.2.1-MED-TXT]. 
5.2.1. Talent calculates titer in their lab notebook using a calculator. 
TEXT: Pfu/ml= Avg. # of plaques
                      D x V

D=dilution V=volume of diluted virus added to the plate

6. Results: Determination of Viral Titer Via Plaque Assay. 
6.1. This image shows Rift Valley fever virus plaque overlay comparisons utilizing 12-well plates. Veros were plated at 2.5x105 cells in 12-well plates and infected with 200 µl using the same serially diluted starting sample of MP12 [6.1.1-LM]. After infection, 1.5 ml overlays of 0.3% agarose, 0.6% Avicel, or 1% CMC, were applied to directly compare the overlays [6.1.2-LM]. This histogram shows the results of plaque counts and titering for all three overlays [6.1.3-LM]. 
6.1.1. LAB MEDIA: Figure 1.pdf show panel A.  
6.1.2. LAB MEDIA: Figure 1.pdf show panel A.  Highlight text to the left of the wells. 
6.1.3. LAB MEDIA: Figure1.pdf show panel B. 
6.2. Here Venezuelan Equine Encephalitis plaque overlay comparisons utilizing 12-well plates are shown. Veros were plated as before and infected with a volume of 200 µl, using the same serially diluted starting sample of the VEEV TC-83 vaccine strain [6.2.1-LM]. After infection, 1.5 ml overlays of 0.3% agarose, 0.6% Avicel, or 1% CMC, were applied as before [6.2.2-LM]. Again, the histogram shows the results of plaque counts and titering for all three overlays [6.2.3-LM]. 
6.2.1. LAB MEDIA: Figure 3.pdf show panel A.  
6.2.2. LAB MEDIA: Figure 3.pdf show panel A.  Highlight the text to the left of the wells.  
6.2.3. LAB MEDIA: Figure3.pdf show panel B. 
6.3. This image shows an example of high-throughput plaque overlays. A 96-well plate of Veros plated at 3x104 cells per well was infected with 50 µl of inoculum using the same serially diluted starting sample of RVFV MP12 for 1 hr, in quadruplicate [6.3.1-LM]. For the overlays, 0.6 and 1.2% final concentrations of Avicel were trialed in order to determine the feasibility and reproducibility of utilizing liquid overlays in a high-throughput manner [6.3.2-LM].  This histogram shows the titers determined from each overlay [6.3.3-LM]. 
6.3.1. LAB MEDIA: Figure 3.pdf show panel A.  
6.3.2. LAB MEDIA: Figure3.pdf highlight the text on the left side of the plates. 
6.3.3. LAB MEDIA: Figure3.pdf show panel B. 
7. Conclusion (said by authors on camera)
7.1. Kylene Kehn-Hall: While attempting this procedure, it’s important to remember that every virus is different and optimizations including utilizing different cell types, incubation times, and/or growth medium may be necessary. 

7.2. Alan Baer: After watching this video, you should have a good understanding of how to perform a basic plaque assay utilizing liquid and semisolid overlays. 
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.  

3.1–  Figure 1.tif -  image of confluent cellular monolayer at 10X
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.
( 2013, Journal of Visualized Experiments


