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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_ only screen shots needed___ If yes, please list make and model of your microscope: Inverted microscope-Nikon, spinning disk confocal microscope-UltraViewVox__
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y. Some screen shots needed
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______4.2-4.7____________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The SLO pore-forming toxin must be active and previously titrated, and thermal drift during live cell imaging has to be managed.












1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

Video editor: graphics are in ‘JoVEgraphicSchematic_updated.ai’

The overall goal of this procedure is to utilize the lipophilic dye FM1-43 in live cell imaging to measure the precise kinetics of pore-forming toxin removal from the plasma membrane. (Intro)

This is accomplished by first pre-binding the toxin at 4°C. (P1)

The second step is to transfer the dish to the heated microscope stage (Video editor: please animate the dish from P1 being placed onto the microscope stage, and also highlight the ‘37°C’ in P2) and find a focal plane where cells can be visualized. (P2)

Next, add the appropriate pre-warmed media and immediately begin imaging. (Video editor: zoom in to the dish as shown in P3, then animate the pipette tip being placed above the dish and the pink liquid coming out of the pipette tip into the dish) (P3)

The final step is to analyze and quantify intracellular FM1-43 fluorescence. (Video editor: add the green light coming from underneath the microscope stage and the little circle in the dish becoming green) (P4)

Ultimately, this sensitive assay can be used to assess the requirements for Ca2+, sphingomyelinase and other factors for plasma membrane repair. (P5) (Video editor:  show graphs 1A and 1B from 50531fig1.jpg)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Christina Tam: The main advantage of this technique over existing methods, like laser wounding, is that this SLO permeabilization assay allows synchronized formation of plasma membrane lesions that are very uniform in size. After cell permeabilization is triggered, live time lapse imaging of lipophilic dye influx allows precise determination of the kinetics of plasma membrane resealing, in a sensitive and very reproducible manner.
1.2. Andrew Flannery: This assay is ideal for determining the effect of various agents such as calcium and recombinant sphingomyelinase on plasma membrane repair, without the variability associated with other methods of plasma membrane wounding. 


Protocol (read by voice talent at JoVE):

2. Transcriptional silencing of ASM

2.1. To begin the procedure for transcriptional silencing of acid sphingomyelinase or ASM, seed HeLa cells in DMEM growth media on 35-mm glass bottom dishes (TEXT: 1.5 x 105cells in 2 ml DMEM high glucose + 10% FBS + 2 mM L-glutamine + 1% Penn-Strep). Incubate overnight at 37°C in a 5% CO2 incubator.

Shots:
2.1.1. MED: General footage of talent seeding 2 dishes of cells.
2.1.2. MED: Multiple takes from different angles of talent putting the dishes into the incubator.  Shot will be repeated later.

2.2. On the following day, at least 1 hour before adding the siRNA transfection mixture, aspirate off the growth media and replace it with 2 ml DMEM reduced serum medium (TEXT: Replace with DMEM + 4% FBS). Return the cells to the incubator.  

Shots:
2.2.1. MED: Talent aspirating off media from a dish.
2.2.2. CU: 2 ml DMEM reduced serum medium being added to the dish.
2.2.3. Use shot from 2.1.2.

2.3. Prepare 4 tubes for the siRNA oligo transfection mixture.

Shots:
2.3.1. CU: 4 microcentrifuge tubes being set out for preparing the transfection mixtures.

2.4. (Video editor: use JoVE graphic of a microcentrifuge tube: show 4 tubes labeled A, B, C, D, and add text overlay of each reagent as it is being added to the appropriate tube). The indicated amount of each reagent is per 35-mm dish to be transfected.   In tubes A and C, add 250 l Optimem reduced serum and 4 l Lipofectamine RNAiMax (TEXT: 250 l Optimem reduced serum; 4 l Lipofectamine RNAiMax). In tube B, add 250 l Optimem reduced serum and 8 l or 160 pmoles of control siRNA. [TEXT: 250 l Optimem reduced serum; 8 l (160 pmoles) control medium GC content oligo]. In tube D, add 250 l of Optimem reduced serum and 8 l or 160 pmoles of ASM siRNA [TEXT: 250 l Optimem reduced serum; 8 l (160 pmoles) SMPD1 oligo (ASM siRNA)].

Shots:
2.4.1. JoVE MEDIA: JoVE stock image of microcentrifuge tubes and reagents being added.
 
2.5. Incubate the tubes at room temperature for 5 minutes.

Shots:
2.5.1. MED: Talent capping the 4 tubes and leaving them at room temperature.

2.6. Next combine tubes A and B to form the transfection complex for Control siRNA, and tubes C and D for the ASM siRNA.  Incubate the reactions at room temperature for 20 minutes.

Shots:
2.6.1. CU: tubes A and B being combined.
2.6.2. CU: tubes C and D being combined.
2.6.3. MED: Talent putting the two tubes at room temperature.

2.7. After 20 minutes, add each transfection reaction mixture slowly, dropwise, into the respective 35-mm glass bottom dishes. Incubate at 37°C and 5% CO2.

Shots:
2.7.1. MED: Talent starting to add a transfection reaction mixture into a dish.
2.7.2. CU: Match action above: transfection reaction mixture being added slowly and dropwise into dish.
2.7.3. Use shot from 2.1.2.

2.8. At 24 hours post-transfection, gently aspirate off media and replace with fresh DMEM growth media.  For efficient ASM knockdown, the dishes should be further incubated at 37°C and 5% CO2 for about 31 hours for a total of 55 hours before live imaging (TEXT: 37°C; 5% CO2; 31 h).

Shots:
2.8.1. MED: Talent aspirating off media from a dish.
2.8.2. CU: Fresh DMEM growth media being added to the dish.
2.8.3. Use shot from 2.1.2.


3. Preparation of reagents for live microscopy

3.1. The following reagents are required for live cell microscopy: recombinant pore-forming toxin Streptolysin O or SLO solution at a concentration of 100 ng/l in cold PBS without Ca2+ and Mg2+; a 25 mM stock solution of FM1-43 in DMSO; Solution A, which is FM1-43 diluted in cold DMEM with Ca2+ to a final concentration of 4 M; and Solution B, which is FM1-43 diluted in cold DMEM without Ca2+ and 10 mM EGTA to a final concentration of 4 M.

Shots:
3.1.1. MED: General shot of talent setting out the reagents (previously prepared and clearly labeled) for live cell microscopy.
3.1.2. CU: Shot of the reagents in this order: SLO solution, FM1-43 stock solution, Solution A and Solution B.

3.2. Prior to live cell imaging, pre-warm 1 ml aliquots of Solution A and Solution B in microcentrifuge tubes to 37°C.

Shots:
3.2.1. MED: Talent preparing 1 ml aliquots of Solutions A and B.
3.2.2. MED: Talent putting Eppendorf tubes into 37°C water bath/incubator.

3.3. Keep DMEM with Ca2+, and Ca2+-free DMEM on ice.

Shots:
3.3.1. MED: Talent putting the DMEM with Ca2+ and Ca2+-free DMEM on ice.



4. Live cell imaging of FM1-43 influx into SLO treated and untreated cells

4.1. Begin preparations for live cell imaging by filling a medium size shallow metal container with crushed ice. Invert it into a large glass container with ice and add additional ice, leaving only the bottom surface of the metal container exposed.  Place a wet paper towel on the exposed metal bottom to allow for even thermal transfer.

Shots:
4.1.1. MED: Talent filling a medium size shallow metal container with crushed ice.
4.1.2. CU: Metal container being inverted into a large glass container with ice, and additional ice added.
4.1.3. CU: Wet paper towel being placed on the exposed metal bottom.

4.2. Place one Control siRNA-treated 35-mm glass bottom dish on the cold wet paper towel.  Gently aspirate off all media and wash 3 times with cold Ca2+-free DMEM (TEXT: Wash 3X with cold Ca2+-free DMEM).  After the last wash, aspirate off all media in the dish.

Shots:
4.2.1. MED: Talent placing a control siRNA-treated 35-mm glass bottom dish on the wet paper towel.
4.2.2. CU: All media being aspirated and then cold Ca2+-free DMEM added.
4.2.3. CU: cold Ca2+-free DMEM being aspirated and fresh cold Ca2+-free DMEM added.
4.2.4. CU: cold Ca2+-free DMEM being aspirated (after 3rd wash).

4.3. To image cell-associated FM1-43 in cells with no SLO wounding in the presence of Ca2+, add 180 l of cold Solution B to the center glass coverslip of the 35-mm glass bottom dish and incubate for 5 minutes on ice.

Shots:
4.3.1. CU: 180 l of cold Solution B being added to the center glass coverslip of the 35-mm glass bottom dish.

4.4. Live cell imaging is accomplished with a spinning disk confocal microscopy system and the appropriate imaging software.  The microscope is equipped with an environmental chamber to maintain temperature, humidity, and CO2 levels. 

Shots:
4.4.1. MED: Talent approaching the microscopy system with the dish (but don’t place dish on microscope stage yet). Videographer: please capture the microscopy system in this shot.
4.4.2. CU: Lid of the environmental chamber being taken off.

4.5. Place the dish on the microscope stage heated to 37°C and replace the  lid of the environmental chamber.  Using a 40x NA 1.3 objective, find the field of cells that will be imaged. 

Shots:
4.5.1. CU: Dish being placed in the environmental chamber on the microscope stage and lid of environmental chamber is put back on.  
4.5.2. MED: Talent at the scope finding the field of cells for imaging.
4.5.3. Talent – interview style to camera: “For the success of the experiment, an automated focus module on the microscope for correcting thermal drift during imaging is essential.” 

4.6. If available, turn on PerfectFocus or a similar device to correct for thermal drift.

Shots:
4.6.1. MED/CU: PerfectFocus being turned on.

4.7. Now remove the cover of the environmental chamber and add 1 ml of prewarmed Solution A gently to the side of the 35-mm dish.   Replace the cover of the environmental chamber.

Shots:
4.7.1. CU: Lid of the environmental chamber being taken off and then 1 ml of prewarmed Solution A being gently added to the side of the 35-mm dish.
4.7.2. CU: Cover of environmental chamber being replaced.

4.8. Set the parameters for imaging. Excitation of FM1-43 is accomplished with a 488 nm laser line using a dichroic filter with a 488 nm band pass, and emission discrimination is achieved through use of a 527 emission filter [TEXT: 488 nm laser line; dichroic filter with 488 nm band pass; 527(W55) emission filter]. Set laser power levels and camera sensitivity to achieve image exposures of 100 ms. Acquire images for 4 minutes at 1 frame every 3 seconds (TEXT: Exposure time = 100 ms; Image acquisition = 4 min at 1 frame/3 s). 

Shots:
4.8.1. MED: Talent at the computer setting the imaging parameters.
4.8.2. MED/over the shoulder: talent starting image acquisition. 

4.9. The same general protocol is followed for live imaging of cells under different experimental conditions, with some modifications as noted in this table (show Table 1). To detect FM1-43 in control siRNA-treated cells with no SLO wounding in the absence of Ca2+ (Video editor: highlight Sample 2, the + in the siControl oligo column, and the + in the Ca2+-free condition column), pre-warmed Solution B should be added to the side of the 35-mm dish instead of Solution A prior to imaging (Video editor: highlight the + in the warm solution B column).

Shots:
4.9.1. LAB MEDIA: Tam et al Table1_for video only.xlsx

4.10. To measure FM1-43 influx into control siRNA-treated cells wounded with SLO in the presence of Ca2+ (Video editor: highlight Sample 3 and the + in the Ca2+ condition column in Table 1), add cold Solution B with SLO (Video editor: highlight the + in the SLO toxin column of Sample 3) to the center glass coverslip of the 35-mm dish and incubate for 5 minutes on ice. Then add warm Solution A (Video editor: highlight the + in the Warm Solution A column) to the dish.  Transferring the sample to the warm microscope stage will trigger transmembrane pore formation.

Shots:
4.10.1. LAB MEDIA: Tam et al Table1_for video only.xlsx

4.11. To measure FM1-43 influx into control siRNA-treated cells wounded with SLO in the absence of Ca2+ (Video editor: highlight Sample 4 and the + in the Ca2+-free condition column in Table 1), add cold Solution B with SLO (Video editor: highlight the + in the SLO toxin column for Sample 4) to the center glass coverslip of the 35-mm dish and incubate for 5 minutes on ice. Then add warm Solution B (Video editor: highlight the + in the Warm Solution B column) to the dish.

4.12. To determine the role of ASM in plasma membrane repair, use ASM siRNA-treated cells for all conditions (Video editor: highlight Samples 5-8 and the + for all four samples in the siASM oligo column).

Shots:
4.12.1. LAB MEDIA: Tam et al Table1_for video only.xlsx

4.13. Lastly, to determine the role of extracellular recombinant sphingomyelinase on the kinetics of plasma membrane repair (Video editor: highlight Sample 9 and Sample 10), sphingomyelinase is added to either warm Solution A or Solution B (Video editor: highlight the + in the sphingomyelinase column of Sample 9 and Sample 10) and then added to cells during live cell imaging in a total volume of 1 ml.

Shots:
4.13.1. LAB MEDIA: Tam et al Table1_for video only.xlsx


5. Quantification of FM1-43 influx into cells


[bookmark: _GoBack]Video Editor:  Note from author about the screenshots for this section: “I have edited the JoVe script and we have indcated for the two screenshots which parts of the movies should be used- we have highlighted the important parts for sections 5.2.1 and 5.2.2 with the relevant time that should correspond with the dialogue. You can delete the second half of the movies since it is redundant.   Also, I know the dialogue won't fit for some parts but you can just speed up or slow down the video (since you have all the cool programs).”

5.1. After movies have been acquired, the intracellular fluorescence intensity of FM1-43 is measured using image analysis software.

Shots:
5.1.1. MED/over the shoulder: talent at the computer using Volocity Suite.

5.2. Draw a region of interest in the cytosolic region of each cell in the field and apply the software tools to determine the mean FM1-43 fluorescence intensity throughout all frames of the video.

Shots:
5.2.1. SCREEN: A region of interest being drawn in the cytosolic region of each cell in the field.
USE 50531_Screenshot5-2-1_regionofinterest.mov: 00:00-02:00 

5.3. Select the sample acquisition to be quantified from the list of image sequences on right.  

5.3.1. 50531_Screenshot5-2-1_regionofinterest.mov: 00:00-00:07


5.4. Double click on the stamp tool to bring up the “Setup ROI Stamp” dialogue box.  For intensity analysis it is best to select an ellipse stamp.  The size of the ellipse must be determined empirically depending upon size and shape of the cell.    However for most tissue culture cells, a 4x4 µm ellipse is appropriate.  It is important to use the same size ROI for each image sequence to be analyzed throughout the quantification. 

5.4.1. 50531_Screenshot5-2-1_regionofinterest.mov: 00:08-00:015

5.5. Next, move the time slider to the last time point in order to find the spot of maximal intensity inside the cell.  

5.5.1. 50531_Screenshot5-2-1_regionofinterest.mov: 00:16-00:29

5.6. With the stamp tool, highlight a ROI of each cell as pictured.  

5.6.1. 50531_Screenshot5-2-1_regionofinterest.mov: (00:30-00:55)

5.7. Now, move time slider back to the zero time point making sure that the ROI remains within the chosen cell for the duration of the acquisition.  

5.7.1. 50531_Screenshot5-2-1_regionofinterest.mov: 00:56-01:06

5.8. Select “Measurements” to begin the quantification.   A “Measurements” drop down menu is now available.   From this drop down menu, select “Measure all Timepoints”.   Again click on the “Measurements” drop down menu and select “Make Measurement Item”.  A dialogue box appears, which allows a name to be given to the data.  By selecting “OK”, a new item containing the data appears with the chosen name.  Repeat this sequence for all acquisitions.

5.8.1. 50531_Screenshot5-2-1_regionofinterest.mov: (01:07-02:00).

5.9. Repeat this sequence for all acquisitions.

5.9.1. SCREEN: Mean FM1-43 fluorescence intensity throughout all frames of the video being determined. USE 50531_Screenshot5-2-2_analysis.mov: 00:00-00:43 

5.10. For data analysis, highlight the select the desired data item from the list on the right.  

5.10.1. 50531_Screenshot5-2-2_analysis.mov: 00:00-00:05

5.11. Select the “Analysis” tab from in the data window to bring up the “Analysis” drop down menu item.  

5.11.1. 50531_Screenshot5-2-2_analysis.mov: 00:06-00:09

5.12. From the “Analysis” drop down menu, select the Analyze menu item and a dialogue box pops up.  

5.12.1. 50531_Screenshot5-2-2_analysis.mov: 00:10-00:15

5.13. There are six settings available in the “Edit Analysis” box.  First set “Restrict Analysis to:” to “ROIs”.  For the second box, “Analyze these data:”, “Mean” should be highlighted.  The “Summarized by:” box should have “Value” selected.  Finally, the choice of “Rel. Time (s)” should be selected for “ROW” and the choice of “Name” should be selected for “Column:”

5.14. After these values have been set, click “ok” to transform the data into a spreadsheet with intensity values per time for each ROI.  

5.14.1. 50531_Screenshot5-2-2_analysis.mov: (00:16 – 00:37)

5.15. The data may also be viewed as a chart by selecting the “Chart” tab in the data window.   The data can now be exported as a tab delimited file to be used in a graphical/statistical analysis program of the users choice. 

5.15.1. 50531_Screenshot5-2-2_analysis.mov: (00:38-00:43)



6. Results: Ca2+ and sphingomyelinase are involved in plasma membrane repair

6.1. Representative results from the experiments demonstrated are shown here (Video editor: show 1A and 1B together).  Influx of the lipophilic dye FM1-43 was imaged at 1 frame/3 s for 4 minutes and FM1-43 intracellular fluorescence was quantified and expressed as fold increase in fluorescence intensity over time. 

Shots:
6.1.1. LAB MEDIA: 50531fig1.jpg

6.2. (Figure 1A) This first graph (Video editor: zoom in on 1A) shows that in the absence of Ca2+, both Control siRNA (Video editor: highlight the black line) and ASM siRNA-treated cells (Video editor: highlight the red line) were permeabilized by SLO, which indicates that ASM depletion does not interfere with sensitivity to the toxin. 18-27 cells were analyzed in each condition, and the error bars correspond to the mean +/- SEM.

Shots:
6.2.1. LAB MEDIA: 1A from 50531fig1.jpg

6.3. The results shown in this next graph (show Figure 1 B only) indicate that in the presence of Ca2+, cells treated with Control siRNA (Video editor: highlight the black line) were able to reseal their plasma membrane and stop dye influx, while cells treated with ASM siRNA (Video editor: highlight red line) failed to reseal. Additionally, exogenous addition of low doses of sphingomyelinase complements the plasma membrane defect of ASM siRNA-treated cells (Video editor: highlight the light blue line, the orange line, the green line and the dark blue line).  18-62 cells were analyzed in each condition and the error bars correspond to the mean +/- SEM. Selected time frames of the movies analyzed are shown in these images (Video editor: add Figure 1C).

Shots:
6.3.1. LAB MEDIA: 1B and 1C from 50531fig1.jpg

6.4. (show Figure 1B and 1C) Interestingly, a full rescue of the ability of ASM-deficient cells to reseal after exposure to SLO was observed with low concentrations of sphingomyelinase, 5 and 7.5 µU/ml (Video editor: highlight light blue and orange lines in Figure 1B and the images in rows 5 and 6 from Figure 1C).

Shots:
6.4.1. LAB MEDIA: 1B and 1C from 50531fig1.jpg

6.5. (show Figure 1B and 1C) As the enzyme concentration added to the medium increased, there was a gradual loss in the rescue phenotype; cells exposed to 10 µU/ml only partially blocked the influx of FM1-43 after exposure to SLO (Video editor: highlight green line in Figure 1B and images in row 7 in Figure 1C), and cells exposed to 50 µU/ml showed a strong dye influx pattern (Video editor: highlight dark blue line in Figure 1B and images in row 8 in Figure 1C), reflecting a full resealing defect similar to that observed in ASM-depleted cells (Video editor: highlight the red line in Figure 1B and the images in row 4 in Figure 1C). These results suggest that endocytic removal of SLO pores is tightly regulated by the ceramide levels generated at the plasma membrane by sphingomyelinase; above a certain level the process does not occur normally, and cells cannot remove the lesions.

Shots:
6.5.1. LAB MEDIA: 1B and 1C from 50531fig1.jpg

6.6. (Figure 2: show A and B) Remarkably, addition of bacterial sphingomyelinase to cells permeabilized by SLO in the absence of Ca2+ also rescued plasma membrane repair.  18-31 cells were analyzed in each condition and the error bars correspond to the mean +/- SEM.  As seen in cells exposed to the pore-forming toxin in the presence of Ca2+, only low concentrations of sphingomyelinase were effective in blocking influx of FM1-43 (Video editor: highlight green and gray lines in Figure 2A and the images in rows 2 and 3 in Figure 2B). These results indicate that sphingomyelinase functions downstream of the Ca2+-dependent step of plasma membrane repair. 

Shots:
6.6.1. LAB MEDIA: 50531fig2.jpg

7. Conclusion (said by authors on camera)
7.1. Christina Tam: While attempting this procedure, it’s important to remember to have active toxin that was previously tested and titrated to determine the correct working concentration. This is important because repeated cycles of freezing and thawing can inactivate the SLO toxin.
7.2. Andrew Flannery: After watching this video, you should have a good understanding of how to test the plasma membrane repair ability of cells in culture using a live, sensitive imaging based assay that allows precise quantification of the kinetics of resealing, in a very reproducible manner. You will also learn how to add specific soluble agents to cells during the imaging procedure, and assess their effect on plasma membrane repair. 

       

Provided Media

1A. JoVEgraphicSchematic_updated.ai
4.9 – 4.13. Tam et al Table1_for video only.xlsx
6.1. – 6.4. 50531fig1.jpg
6.6. 50531fig2.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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