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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? (Y/N)____N_____  (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)____Y____ 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. 2.2.1, 2.2.2, 4.1.2., 4.1.3., 4.3., 5.1.2. 
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. 5.1.2. Obtaining images of consistent quality across multiple samples is crucial for success using this quantitative imaging protocol. Through an initial examination of the experimental slides, we determine the optimal exposure time for each fluorophore, which will then be used for all subsequent images. We also carefully determine top and bottom z-planes before acquiring each image, and use an identical step size for each image, so that the total number of Z-sections, and thus total imaging time, is the same for all images. 
E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations?  Three rooms on the same floor of our building [the cell culture room, the main lab and the microscope room], all within roughly 100 feet. 



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 quantify the relative changes in the level of a protein at centrosomes at a specific point in the cell cycle after inhibition of the proteasome. (Intro)

This is accomplished by first treating cells that are growing on coverslips with either the proteasome inhibitor MG115, or with the control solvent DMSO, then immediately adding BrdU to both cells and incubating them for 4 hours in a cell culture incubator. (P1: Without displaying the black text “Growing cells on coverslips” show the two dishes with red and black dots (cells) on the left. Then when “with either” is said, show the dish on the bottom, labeled MG115, and show the red text, then the dish labeled DMSO, and show red text, when “or with the control solvent” is said. When “then immediately” is said, reveal the pipette tip (small, light-green cone) with the text “BrdU” and add the digital clock with the time “4:00.” Shot 2.2.1) 

The second step is to transfer the coverslips to a 24-well plate to fix the cells. (P2: When the cover over begins, show the 24-well plate provided in P2, without the cells, then add the cells (black dots on gray). Do not show the text in black. Shot: 2.3.1)

Next, the cells are stained with antibodies against BrdU and the proteins of interest and then with corresponding secondary antibodies. (P3: Keep the image from the step above on screen. If possible, bring in the pipette tip, and place it at the top right corner of one of coverslips (well containing black dots). Shot: 3.1.1) 

The final step is to acquire images of BrdU-positive cells, using a fluorescence microscope and digital imaging software to apply identical exposure time and Z-axis length to cells from each sample, then analyzing the images to quantify the relative level of centrosomal VDAC3. (P4: Do not display the text in black. Show the slides (rectangles with two circles) with their red labels (DMSO and MG115) Add a small square to the slides as seen in P4. Instead of adding the black lines, zoom in on the area, then display the oyster shaped images on the right. Add the small black squares and reveal the colored text “VDAC…” Add an arrow to the right and display the equation provided in P4 “FVDAC/F-tubulin.” Shots 4.3.1 & 4.5.1) 

Ultimately, quantitative immunofluorescence microscopy is used to show that the centrosomal pool of VDAC3 is increased by two-fold when the proteasome is inhibited during S-phase. (P5: Figure 1E)
[bookmark: _GoBack]



Images of tweezers are probably redundant and I suggest to exclude them. Image of micropipette is not clear. Please make the last graph (P4) more prominent.

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Shubhra Majumder: The main advantage of this technique over existing methods, like immunoblotting, flow cytometry, or quantitative microscopy, is that this technique analyzes the relative centrosomal level of the protein in two differently treated samples that are processed on separate coverslips. This method uses normalization to an internal standard to control for the need to process the two experimental cell populations separately.
1.2. Harold Fisk: Though this method can provide insight into the regulation of specific proteins at centrosomes, it can also be applied to other situations, such as other subcellular structures, or examining specific pools of proteins that are found at multiple sites within the cell.
1.3. **Harold Fisk: Demonstrating the procedure will be Shubhra Majumder a post-doc from my laboratory. 
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. Cell Growth and Treatment
2.1. To begin the experiment, passage 2 x 105 asynchronously growing RPE1 cells in two previously prepared 35 mm dishes with coverslips and grow the cells in 2 mL of complete medium. Replace the culture medium every 24 hours with fresh pre-warmed medium.
2.1.1. MED/WIDE: Talent sitting in cell culture hood. 
2.1.2. MED – Over the Shoulder: Talent passes cells into two 35 mm dishes with coverslips, then gently adds complete medium. 
2.1.3. MED – Side View: Talent replaces the medium of two 35 mm dishes by removing the liquid and gently adding new medium. 
2.2. After 44 hours, replace the culture medium with complete medium containing MG115 or DMSO at a final concentration of 5 µM and simultaneously add BrdU to the cells at a final concentration of 40 µM. Incubate the cells for 4 hours. 
2.2.1. MED: Talent notes that 44 hours has passed by checking his/her watch or looking at a clock, then in the cell culture hood or at a bench, labeled medium bottles, one containing, MG115, and one containing DMSO are on the bench. Talent replaces the medium of one dish with medium treated with MG115 and the other with medium with DMSO, then adds BrdU to the cells. 
2.2.2. MED: Talent places dishes in incubator and sets a timer for 4 hours. 
2.3. Next, transfer each coverslip to a 24-well plate. Add 500 µL of pre-chilled methanol to each well and incubate the plate at -20 ˚C to fix the cells. After 10 minutes, immediately wash the coverslips three times with 500 µL of wash buffer. 
2.3.1. MED – Over the Shoulder/CU: Talent moves the coverslip over to a 24 well-plate. 
2.3.2. MED/CU: With the cold methanol bottle in frame, talent adds a small volume the last couple wells, then stores the plate in a freezer. 
2.3.3. MED: A timer goes off for 10 minutes, the talent quickly removes the plate and washes the coverslips. (TEXT: Wash Buffer: 1 X Phosphate Buffer Saline (PBS), 0.5 mM MgCl2 and 0.05% Triton-X100) 
3. Immunostaining 
3.1. Incubate the fixed cells on coverslips in 200 µL of blocking buffer for 30 minutes. 
3.1.1. MED: Talent adds blocking buffer to each well, then sets a timer for 30 minutes. (TEXT: Blocking Buffer: 2% BSA and 0.1% TritonX-100 in 1X PBS) 
3.2. While the cells are incubating, prepare a humidified chamber by placing a wet paper towel in the bottom half of an empty 1000 µL pipette tip box. Lay a strip of parafilm on the rack surface and add a 20 µL droplet of the rabbit anti-VDAC3 and mouse anti--tubulin antibody diluted in blocking buffer onto the parafilm. 
3.2.1. MED: Talent moistens a paper towel, then places it in the pipette box. 
3.2.2. MED – Over the Shoulder: Talent places a strip of parafilm on the surface and adds droplets of antibody on the parafilm. 
3.3. After blocking, invert a coverslip onto each droplet of antibody solution. Ensure the cells are immersed and close the lid of the tip box. Incubate the cells with primary antibodies overnight at 4 ˚C in the humidified chamber.
3.3.1. MED – Over the Shoulder: Timer goes off, talent turns off timer, then inverts the coverslip and places a cover slip onto one of the droplets. 
3.3.2. CU: Talent adjusts slip so the cells are immersed and closes the lid of the tip box. 
3.3.3. MED – Over the Shoulder: Talent places the humidified chamber (tip box) into the refrigerator, or refrigerated room. 
3.4. Invert the coverslips again and return them to the 24-well dish. Wash the coverslips then incubate them in a 150 µL solution of secondary antibodies diluted in blocking buffer for one hour at room temperature. 
3.4.1. MED – Over the Shoulder: Talent inverts a coverslip, then places it into the 24-well dish. 
3.4.2. MED – Over the Shoulder: Talent washes the 24 well-dish, then adds secondary antibody solution and places them in a secure area and sets a timer for one hour. (TEXT: Secondary antibody: green-fluorescent dye conjugated anti-mouse rabbit and red-fluorescent dye conjugated anti-rabbit mouse) 
3.5. After incubation, wash the coverslips three times with wash buffer. Fix the stained RPE1 cells with 500 µL of methanol chilled at -20˚ C. After the cells have fixed for 10 minutes, wash them three times in wash buffer. 
3.5.1. MED – Side View: Talent turns off timer, then washes the coverslips with wash buffer (if the bottle is labeled, capture the label in the shot). 
3.5.2. MED – Side View: With the chilled methanol in the shot, talent adds a small amount to each well.
3.5.3. MED: Talent washes the coverslips. 
3.6. Next, incubate the cells in 200 µL of 2 N HCl for 30 minutes at room temperature. Neutralize the cells with 300 µL of 1 M Tris-Cl, pH 8 and wash the cells three times with wash buffer. Block the cells with 200 µL of blocking buffer for 30 minutes at room temperature.
3.6.1. MED: Talent removes the wash buffer and adds HCl to each coverslip, then sets a timer for 30 minutes. 
3.6.2. MED: Talent turns off timer, then adds Tris-Cl and ensures it has been covered in solution, then washes the cells with wash buffer. 
3.6.3. MED: Talent finishes last wash, then reaches for blocking buffer (if labeled, capture the label in the shot), adjusts the micropipettor, then adds blocking buffer to each coverslip. 
3.7. After blocking, incubate the cells with rat anti-BrdU antibody in blocking buffer for 45 minutes at 37 ˚C in the humidified chamber. 
3.7.1. MED: Side view, talent returns to the coverslips, then removes blocking buffer, and adds the antibody, and places the coverslips in the pipette box, then places the box in an incubator. 
3.8. Return the coverslips back to the 24-well dish and wash the cells. Next, incubate them with secondary antibody diluted in 150 µL of blocking buffer in a 24-well dish for one hour at room temperature. 
3.8.1. MED – Over the Shoulder: Talent returns the coverslips to the 24-well dish, and washes each well. 
3.8.2. MED – Over the Shoulder: Talent adds secondary antibody to the dish then leaves it on the bench. 
3.9. Then, wash the coverslips three times with 1X PBS. Spot a 6-µL droplet of a mounting solution containing antifade reagent on a glass microscope slide. Invert a coverslip with the cell-side facing down onto the mounting solution. 
3.9.1. MED: Talent washes the dish. 
3.9.2. CU/ECU: Talent places a droplet of mounting solution on a microscope slide. 
3.9.3. CU/ECU: Talent removes a coverslip from the 24-well dish, then flips it over and places it carefully onto the droplet. 
3.10. With a soft cleaning tissue, gently press the coverslip against the slide to remove excess liquid. Seal the coverslip onto the microscope slide by applying nail polish along the edge of the coverslip. 
3.10.1. CU/ECU: Talent obtains a cleaning tissue, then gently presses it against the cover slip (if possible, capture the excess liquid being picked up by the tissue). 
3.10.2. CU/ECU: Talent applies nail polish along the edge of the coverslip. 
4. Immunofluorescence Imaging and Analysis: Centrosome Distance < 2µm
4.1. Use a 100X Plan Apo oil immersion objective with a 1.4 numerical aperture to acquire the images of BrdU-positive RPE1 cells at room temperature. Determine the appropriate top and bottom focal plane along the Z-axis with 0.2  step size and acquire images along the Z-axis.
4.1.1. MED – Over the Shoulder: Talent places slide on microscope stage, then changes the objective. 
4.2. Next, perform deconvolution of all image stacks acquired along the Z-axis. Obtain the total intensity projection of each image stack along the Z-axis.  
4.2.1. SCREEN: Talent follows menus to perform deconvolution of images along the Z-axis then talent follows menus to obtain the intensity of each total projection and points out the value with the cursor image. 
4.3. For cells whose centrosomes contain a distance less than 2 µm, draw a small square of 20 to 30 pixels per side around both centrosomes and mark the selected area. Draw a larger square of 24 to 35 pixels per side around the first square and mark the selected area of the large square.
4.3.1. SCREEN: Talent points out the distance between the centrosomes with cursor or points to legend, if possible. Then draws a small square around both centrosomes, then marks the area and draws another square around that square then marks the larger square. 
4.4. Then, obtain the area and the total fluorescence intensity of each fluorophore in each box. 
4.4.1. SCREEN: Talent navigates through software to obtain the area and the total fluorescence intensity of each fluorophore in each box. 
4.5. Calculate the background corrected fluorescence intensity of each fluorophore. 
4.5.1. SCREEN or Over the Shoulder: Talent imports data into Microsoft Excel, then manipulates data in Microsoft Excel, using the calculation provided in the text. (TEXT: Howell et al.: (F=Fs-[(FL-FS)xAS/(AL-AS)])
4.6. Finally, obtain the normalized fluorescence intensity of VDAC3 by calculating the ratio of the background corrected fluorescence intensity of its fluorophore to that of the fluorophore used for the chosen internal standard (gamma-tubulin). 
4.6.1. SCREEN or Over the Shoulder: Talent continues to make calculations in Microsoft Excel and manipulate to graphically represent the data.  
5. Results: Centrosomal VDAC3 Regulated by Proteasome Mediated Degradation
5.1. Images were captured of random fields of asynchronously growing RPE1 cells incubated with BrdU and either the proteasome inhibitor MG115 or the control solvent DMSO and display DNA and BrdU. 
5.1.1. LAB MEDIA: Figure 1A (Video Editor: Display Figure 1A. If possible add the text “BrdU” in red when said, and When DNA is said add the text “Hoechst” in blue when said. )
5.2. The background-corrected fluorescence intensity corresponding to centrosomal VDAC3 was roughly 2.5-fold higher in MG115-treated cells than in control cells as demonstrated by this box and whisker diagram. When the data was normalized for total VDAC3 fluorescence against that of gamma-tubulin, the fold increase dropped slightly to roughly two-fold. 
5.2.1. Figure 1C, 1D, 1E (Video Editor: Show figures 1C and 1D with C on top of D so the x-axis displays the information for both. Remove 1C and 1D and display Figure 1E when the second sentence begins.)
5.3. VDAC3 staining at non-centrosomal sites or the total cellular level of VDAC3 was not affected by proteasome inhibition. Thus, the centrosomal pool of VDAC3 is regulated by proteasome-mediated degradation.
5.3.1. LAB MEDIA: Figure 1B & 1F (Video Editor: Display the figures side by side. When “total cellular level” is said, highlight the text in both figures “VDAC3.”)

6. Conclusion (said by authors on camera)
6.1. Harold Fisk: While attempting this procedure, it’s important to remember that antibodies against the test protein and the internal standard must be raised in different host species and the images of both samples should be acquired using identical imaging parameters such as number of Z-sections and exposure times to minimize the effect of digital imaging.
 

Provided Media

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.
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