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Authors, please check the answers to the questionnaire below.   

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)__Yes ______ 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 using the step numbers listed in this document. 2.4, 2.5, 3.3., sections 4 & 5.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._4.10. Speed and accuracy to ensure the signal is captured. The success rate increases when everything is prepared in advance (i.e., compound in pipette tip, seating position of experimentator)
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):
Video editor: graphics are in ‘51857_schematic overview graphics.ppt’

Procedural Narrative:

The overall goal of this procedure is to detect changes in cytosolic calcium in renal epithelial cells. (Intro)

This is accomplished by first loading the cells with a fluorescent calcium responsive dye in the presence of an anion transporter inhibitor, probenecid. (Video editor: slide 1: show top-most plate, then animate the orange medium being replaced by the red medium) (P1)

The second step is to bring the cells into suspension by gentle trypsinization. (Video editor: slide 1: animate the cells being transferred from the dish to the tube) (P2)

Next, the cells are washed in probenecid-containing HBSS buffer. (Video editor: slide 1: animate the red medium in the tube being replaced with the blue medium) (P3)

The final step is to measure compound-induced changes using a flow cytometer. (Video editor: slide 2: show left-most cartoon of the tube with cells, the ‘stick’ appearing in the tube and then show the plot, then animate the orange liquid being added to the cells, three of the cells turning from yellow to green, the ‘stick’ being put into the tube and then show  bottom right plot) (P4)

Ultimately, flow cytometry is used to show the kinetics of changes in cytosolic calcium in renal epithelial cells. (Video editor: slide 2: show bottom left plot) (P5)


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

1.1. Thomas Dittmar: The main advantage of this technique over existing methods, like live cell imaging, is that it is easy to perform, quick and suitable for screening of compounds.   

1.2. Thomas Dittmar: This method can help answer key questions in the intracellular signaling field, by allowing individuals to investigate the role of calcium in the context of physiological and pathophysiological cellular signaling.  

1.3. Thomas Dittmar: Demonstrating the procedure will be Sylvia Keil, a technician 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 culture and calcium dye loading

2.1. This experiment utilizes an immortalized adherent epithelial cell line derived from the S1 segment of the rat kidney proximal tubule. (TEXT: WKPT-0293 Cl.2) Two days prior to calcium dye loading, plate 2.5  105 cells per well of a 6-well plate in standard culture medium.

Shots:
2.1.1. MED: Talent pipetting standard culture medium into the wells of a 6-well plate.
2.1.2. CU: Cell suspension being added to each well.

2.2. Grow the cells for 2 days to a confluency of approximately 70%. (TEXT: 2 days; 37°C; 5% CO2) 

Shots:
2.2.1. MED: Multiple takes from different angles of talent putting the 6-well plate into the incubator.  Shot will be repeated later.

2.3. On the day of the experiment, prepare the calcium loading dye mixture: for each well, mix 1 ml of culture medium containing 5% fetal bovine serum, 4 µM of the membrane permeable calcium binding dye Fluo-3-AM, and 2 mM of probenecid. (TEXT: Calcium loading dye = culture medium + 5% FBS + Fluo-3-AM + probenecid) Probenecid is an inhibitor of organic anion transporters, and is used to prevent the efflux of calcium indicators.

Shots:
2.3.1. MED: Talent preparing the calcium loading dye mixture – enough for 3 wells.

2.4. Replace the standard culture medium in each well with 1 ml of the loading dye mixture.

Shots: Shots 2.4.1 and 2.4.2 were combined to new shot 2.4.1
2.4.1. CU: Culture medium being aspirated from each well.
CU: 1 ml of the loading dye mixture being added to each well.

2.5. Cover the plate with aluminum foil to prevent bleaching of the fluorescent indicator and incubate for 30 minutes at 37°C in a humidified incubator with 5% CO2. (TEXT: 30 min; 37°C; 5% CO2) 

Shots:
2.5.1. CU: Plate being covered with aluminum foil.
2.5.2. MED: Talent putting 6-well plate into the incubator.

3. Preparation of cells for flow cytometry

3.1. To prepare the cells for flow cytometry, aspirate the calcium loading dye solution from each well and add 1 ml of trypsin along the wall of the well.

Shots:
3.1.1. MED: Talent aspirating calcium loading dye solution from each well.
3.1.2. CU: 1 ml of trypsin being added along the wall of the well.

3.2. Incubate at 37°C until all cells are detached. 

Shots:
3.2.1. Use shot from 2.2.1.

3.3. Transfer the cells to a 1.5-ml tube and pellet by centrifuging at 10,000  g for 1 minute. (TEXT: 10,000  g; 1 min) 

Shots:
3.3.1. MED: Talent transferring the cells to a 1.5-ml tube.
3.3.2. MED: Talent putting the 1.5-ml tube into the centrifuge and starting the spin.

3.4. Carefully aspirate the supernatant without disturbing the pellet.

Shots:
3.4.1. CU: Supernatant from tube being carefully aspirated.

3.5. After washing the cells with probenecid-containing HBSS flux, or PHF, buffer as detailed in the text protocol, resuspend the cells in a final volume of 500 µl of PHF buffer. The cells should be used for experimentation within 1 hour.

Shots:
3.5.1. MED: Talent adding 500 µl of PHF buffer to cells (after washes with PHF buffer) and resuspending the cells.
3.5.2. CU:  Talent setting down the cell suspension at room temperature.

4. Flow cytometer setup and flow cytometry measurements

4.1. Begin this procedure by starting the flow cytometer, opening the fluidics drawer, and flipping the vent valve toggle switch to increase the air pressure of the sheath fluid tank.

Shots:
4.1.1. WIDE/MED: Talent approaching the flow cytometer and starting it.
4.1.2. MED: Talent opening the fluidics drawer and flipping the vent valve toggle switch.

4.2. “Prime” the instrument to remove any potential residing air bubbles from within the inner tubes and the flow chamber.

Shots:
4.2.1. MED: Talent priming the flow cytometer.

4.3. In the flow cytometry software, open two dot plot windows. 

Shots:
4.3.1. MED: Talent by the computer, opening two dot plot windows.

4.4. Set the Flow cytometer to “RUN”, then set flow rate to ‘high’.

Shots:
4.4.1. MED/over the shoulder: talent setting Flow Cytometer to “Run”, then setting flow rate to ‘high’.

4.5. The flow cytometry measurements are performed at room temperature. First add 480 µl of PHF buffer to a flow cytometry sample tube. (TEXT: 11.5  75 mm) Then add 20 µl of cell suspension and vortex briefly to mix.

Shots:
4.5.1. MED: Talent adding 480 µl of PHF buffer to a flow cytometry sample tube.
4.5.2. CU: 20 µl of cell suspension being added to the tube that contains PHF buffer.
4.5.3. CU: Tube being vortexed briefly.

4.6. Move the tube support arm to the side and position the sample tube over the sample injection tube until a tight seal is formed. Return the tube support arm to its original centered position.

Shots:
4.6.1. MED: Multiple takes from different angles of talent moving the tube support arm to the side.  Shot will be repeated later.
4.6.2. CU: Multiple takes from different angles of sample tube being positioned over the sample injection tube until a tight seal is formed. Shot will be repeated later.
4.6.3. MED: Multiple takes from different angles of talent moving the support arm to its original centered position. Shot will be repeated later.

4.7. Optimize measurement by adjusting the fluorescence channel such that the mean fluorescence intensity of the sample is at approximately 102 on the y-axis. Save and use for subsequent experiments.

Shots:
4.7.1. MED/over the shoulder: talent adjusting the fluorescence channel.
4.7.2. CU of computer screen of fluorescence channel being adjusted. (Video editor:  shot 4.7.2. is a backup in case the print screen shot in 4.7.3. and 4.7.4. cannot be generated)
4.7.3. SCREEN: Fluorescence channel being adjusted so the mean fluorescence intensity of the sample is at approximately 102 on the y-axis.
4.7.4. SCREEN: Settings being saved. 

4.8. To start an experiment, prepare another sample and position the sample tube over the sample injection tube as before. Return the tube support arm to its original centered position.

Shots:
4.8.1. MED: Talent adding cell suspension to a sample tube that contains PHF buffer and then vortexes the tube briefly.
4.8.2. Use shot from 4.6.1.
4.8.3. Use shot from 4.6.2.
4.8.4. Use shot from 4.6.3.

4.9. Record baseline fluorescence for 50 seconds.

Shots:
4.9.1. SCREEN: Baseline fluorescence being recorded.
4.9.2. [bookmark: _GoBack]CU of computer screen while baseline fluorescence is being recorded.  (Video editor:  this shot is a backup in case the print screen shot in 4.9.1. cannot be generated)
4.9.3. Talent – interview style to camera: “The next step must be performed quickly and accurately to ensure the signal is captured. The success rate increases when everything is prepared in advance.”

4.10. Perform the following steps quickly, in less than 15 seconds: pause the measurement, remove the sample tube, add the compound of interest, vortex briefly, and return the sample tube to the sample injection tube.

Shots:
4.10.1. MED: Talent pausing the measurement, removing the sample tube, adding compound of interest, vortexing briefly, and returning the sample to the sample injection tube.

4.11. Resume the measurement and continue for a total of 204.8 seconds.

Shots:
4.11.1. MED/over the shoulder: talent resuming the measurement.

5. Data analysis

5.1. The data is analyzed offline using dedicated flow cytometry software. Open a dot plot with SSC and FSC parameters.

Shots:
5.1.1. MED: Talent at the flow cytometer computer, opening a dot plot with SSC and FSC parameters.

5.2. Using the “Regions” tool, select the region of cells for analysis to exclude dead cells or cell debris found in the bottom left corner from the data analysis. 

Shots:
5.2.1. SCREEN: Image being right-clicked and region of cells for analysis being selected.

5.3. For a quadrant analysis, open a density plot with time on the x-axis and fluorescence intensity on the y-axis and use the same gating region as before.

Shots:
5.3.1. SCREEN: A density plot being opened with time on the x-axis and fluorescence intensity on the y-axis.
5.3.2. SCREEN: Previous gating region (from 5.2.) being applied.

5.4. Quantify the data by using the “Quadrant” tool.

Shots:
5.4.1. SCREEN: “Quadrant” tool being used to quantify the data.

5.5. Adjust the quadrant separators so that the vertical line is placed at the time of compound addition and the horizontal line is placed at the center of the baseline fluorescence in the controls. Ensure that the positioning of the quadrant separators is equal in all samples.

Shots:
5.5.1. SCREEN:  Quadrant separators being adjusted correctly.

5.6. For a histogram analysis, open the control data in a histogram window with fluorescence intensity on the x-axis and events on the y-axis.

Shots:
5.6.1. MED/over the shoulder: talent opening the control data in a histogram window with fluorescence intensity on the x-axis and events on the y-axis.

5.7. In the non-treated control, use the marker function to mark the area for analysis starting from the midpoint between the minimum and maximum fluorescence of the control peak and ending at the maximum fluorescence intensity. The percentage of cells in this area is then calculated. 

Shots:
5.7.1. SCREEN: Marker function being used to mark the area for analysis in the untreated control.
5.7.2. SCREEN: Percentage of cells in the marked area being calculated.

5.8. For fluorescence intensity analysis, open a dot plot with time on the x-axis and fluorescence intensity on the y-axis.

Shots:
5.8.1. MED/over the shoulder/Screen: talent opening a dot plot with time on the x-axis and fluorescence intensity on the y-axis. Multiple rectangular regions being created to quantify the relative calcium influx.

5.9. Quantify the relative calcium influx by creating multiple rectangular regions. Each region should have a width of about “50”, which is equivalent to “10 seconds”. Define up to 15 rectangular regions.

Shots:
5.9.1. [moved to 5.8.1] SCREEN: multiple rectangular regions being created to quantify the relative calcium influx.

5.10. Use the y-mean data for analysis. Copy data into a spreadsheet table application. Calculate the mean of R2 to R5, which is equivalent to 20 to 50 seconds. This is the baseline value.

Shots:
5.10.1. SCREEN: Mean of R2 to R5 being calculated.

5.11. After choosing an appropriate time interval for calcium influx analysis, e.g. R7 to R11, calculate the calcium signals from each region within this time interval relative to the mean baseline value, that is, the fluorescence signal before compound addition, which is set to 100%.

Shots:
5.11.1. SCREEN: A time interval being chosen for analysis (R7 to R11).
5.11.2. SCREEN: Calcium signals from a region within this time interval being calculated relative to the mean baseline value.

5.12. Determine the mean and standard deviation of the regions post-compound addition; this is the mean calcium signal evoked by the compound.

Shots:
5.12.1. SCREEN: mean and standard deviation of the region post-compound addition being calculated.

6. Results: changes in cytosolic calcium concentration is measured by flow cytometry

6.1. (Figure 1) In this protocol, the integrity of the cell population is assessed using side scatter and forward scatter. After excluding dead cells and cell debris that have reduced light scattering, a region is selected (Video editor: highlight R1) for further analysis. 

Shots:
6.1.1. LAB MEDIA: 51857fig1highres.jpg

6.2. (Figure 2) A density plot for fluorescence intensity vs. time was created for each data file. The cells were treated with Thapsigargin (Video editor: highlight TG plot) and Tunicamycin (Video editor: highlight TUN plot).  Ionomycin (Video editor: highlight IONO plot) was used as a positive control.

Shots:
6.2.1. LAB MEDIA: 51857fig2highres.jpg

6.3. (Figure 2) Each dot plot was separated into four areas representing fluorescence intensity before and after compound addition and above and below the baseline fluorescence. As an example (Video editor: zoom in to top two plots), the percentage of cells in the upper right quadrant increased from 42.8% in the untreated control (Video editor: highlight the upper right quadrant in Control) to 51.3% in Thapsigargin-treated cells, (Video editor: highlight the upper right quadrant in TG) indicating that a calcium signal was induced. 

Shots:
6.3.1. LAB MEDIA: 51857fig2highres.jpg

6.4. (Figure 3) A histogram analysis showed fluorescence intensity increases of 1.41-fold, (Video editor: highlight TG bar) 1.36-fold (Video editor: highlight TUN bar) and 2.11-fold (Video editor: highlight IONO bar) by Thapsigargin, Tunicamycin and Ionomycin, respectively.

Shots:
6.4.1. LAB MEDIA: 51857fig3highres.jpg

6.5. (Figure 4) The multiple region analysis mode revealed that Thapsigargin, (Video editor: highlight TG bar) Tunicamycin (Video editor: highlight TUN bar) and Ionomycin (Video editor: highlight IONO bar) increases the calcium signal by 1.55-fold, 1.29-fold and 4.54-fold, respectively.

Shots:
6.5.1. LAB MEDIA: 51857fig4highres.jpg

6.6. (Figure 5) To determine whether transient physiological calcium signals can be measured, ATP was applied to the cells. Data was quantified using multiple rectangular region analysis (Video editor: zoom to panel A), quadrant analysis (Video editor: zoom to panel B), or histogram analysis (Video editor: zoom to panel C). ATP evoked a rapid and transient calcium signal, which was only detected by the multiple rectangular region analysis mode with selected parts of the trace (Video editor: show only panel A). 

Shots:
6.6.1. LAB MEDIA: 51857fig5highres.jpg


7. Conclusion (said by authors on camera)
7.1. Thomas Dittmar: Following this procedure, other methods like live cell imaging can be performed in order to gain further information about the calcium signals, such as spatial changes in calcium and the immediate kinetics of the calcium signal.
7.2. Thomas Dittmar: After watching this video, you should have a good understanding of how to detect relative changes in cytosolic calcium in epithelial cells using a flow cytometer.



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.  

1A. 51857_schematic overview graphics.ppt
6.1. 51857fig1highres.jpg
6.2.- 6.3. 51857fig2highres.jpg
6.4. 51857fig3highres.jpg
6.5. 51857fig4highres.jpg
6.6. 51857fig5highres.jpg

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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