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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? 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 from the protocol section below will viewers benefit most from having filmed? 
2.1., 2.2., 3.2., 3.5.-3.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? Preparation of plate 2 (3.5.-3.7.) is technically challenging as all reagents must be added at proper concentrations for their transfer to plate 1. This step is particularly susceptible to systematic errors such as calculation mistakes, failure to maintain LLO at or below 4 C, and failure to transfer quickly the reagents from plate 2 to plate 1, which would lead to inconsistent results. To ensure success, it is highly recommended to label tubes a day ahead of the experiment, and on the experimental day, to maintain plate 2 and its reagents on ice, and to prepare LLO shortly before the kinetic assay.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Jonathan Lam: This assay was developed to address key questions in the field of plasma membrane biology and to establish how efficiently damaged cells can reseal their plasma membranes.
1.2. Jonathan Lam: This technique can be used to measure the efficiency of plasma membrane resealing in a high-throughput capacity and to identify specific proteins and corresponding pathways that mediate plasma membrane resealing.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Cell Plating and Multi-Plate Reader Imaging Cytometer Setup
2.1. Begin by adding 20 mL of a 2.5 x 105 HeLa cells/mL of growth medium suspension into a sterile pipette basin [1-WIDE-TXT] and use a 10-mL serological pipette to thoroughly mix the cells [2-MED].

2.1.1. Talent adding cells to basin (TEXT: See text for HeLa cell/medium/reagent preparation details)

2.1.2. Talent mixing cells

2.2. Next, use a multichannel micropipette [1-CU] to seed 100 microliters of cells per well in triplicate in a 96-well flat, clear-bottom, black polystyrene tissue culture-treated plate [2-MED-over the shoulder].
2.2.1. Cells being aspirated into multichannel pipette

2.2.2. Talent adding cells to well(s) 
2.3. Jonathan Lam: “Remember that a homogeneous cell distribution is key to a successful experiment, as comparisons between all of the experimental conditions require equivalent cell counts.” [1-MED-interview style] 

2.3.1. Jonathan Lam, speaking the above interview style (looking just off-camera)

2.4. After 24 hours in a humidified cell culture incubator at 37 °C and 5% CO2, pre-warm the plate reader to 37 °C [1-MED-over the shoulder] and set the optical configuration to “Monochromator”, the read mode to “Fluorescence”, and the read type to “Kinetic” [2-SCREEN].
2.4.1. Talent setting reader to 37 °C, with monitor visible in frame

2.4.2. *To be provided by Authors: Monochromator, fluorescence, and kinetic being set

2.5. Under the “Wavelength” settings, select a 9-nm excitation and a 15-nm emission bandpass [1-SCREEN-TXT].
2.5.1. *To be provided by Authors: Excitation and emission being set (TEXT: PI excitation: 535 nm emission: 617 nm)

2.6. Under “Plate Type”, select “96 Wells” for the plate format and select a pre-set plate configuration corresponding to a black-wall clear bottom plate [1-SCREEN].
2.6.1. *To be provided by Authors: 96 wells being selected, then pre-set plate configuration being selected

2.7. Under “Read Area”, highlight the wells that will be analyzed throughout the kinetic assay. Under “PMT and Optics”, pre-set the “flashes per read to 6” and check the box for “Read from Bottom” [1-SCREEN].
2.7.1. *To be provided by Authors: Wells being highlighted, then flashes being pre-set, then box being checked

2.8. Under “Timing”, enter zero hours, 30 minutes, and 0 seconds into the “Total Run Time” box for a 30-minute kinetic assay and enter zero hours, 5 minutes, and 0 seconds for the “Interval” [1-SCREEN].
2.8.1. *To be provided by Authors:  Total run time and interval being entered 
2.9. Confirm the specified settings in the “Settings Information” and click “OK”. Then click “Read” to initiate the pre-kinetic run [1-SCREEN].
2.9.1. *To be provided by Authors: Settings being confirmed, then OK and Read being clicked

2.10. To set the imaging parameters, within the Settings mode [1-MED-over the shoulder], set “Minimax” for the optical configuration, “Imaging” for the read mode, and “Endpoint” for the read type [2-SCREEN].

2.10.1.  Talent opening Settings mode, with monitor visible in frame

2.10.2.  *To be provided by Authors: Minimax, imaging, and endpoint being selected

2.11. Under “Wavelengths”, select “Transmitted light” and the appropriate fluorescence boxes corresponding to the experimental excitation and emission wavelengths [1-SCREEN].
2.11.1.  *To be provided by Authors: Transmitted light being selected, then emission and excitation being set

2.12. Set the plate type and read area as just demonstrated [1-MED] and under the “Well Area Setting”, set the number of sites within a well to be imaged [2-SCREEN].
2.12.1.  Talent at computer setting plate type, with monitor visible in frame

2.12.2.  *To be provided by Authors:  Number of sites being set 
2.13. Under the “Image Acquisition Settings”, for GFP, set the device to image the entire well with an exposure time of 20 milliseconds/image. For transmitted light, acquire a single image of the center of each well with an 8-millisecond exposure time. For propidium iodide, acquire a single image of the center of each well with a 20-millisecond exposure time [1-SCREEN].
2.13.1.  *To be provided by Authors: GFP, TL, and PI exposure times being set

2.14. Then confirm the settings in the “Settings Information” and click “OK” and “Read” to initiate the imaging [1-SCREEN-TXT].
2.14.1.  *To be provided by Authors:  Settings being confirmed, then OK and Read being clicked (TEXT: 12 images/well/96 well plate/wavelength/15 min)

3. High-Throughput Fluorescence-Based Assay and Cell Enumeration
3.1. To set up a high-throughput fluorescence-based assay, for the repair-permissive conditions, wash the cells two times with 200 microliters of 37 °C-M1 medium per well [1-WIDE] and add 100 microliters of fresh, 37 °C-M1 medium supplemented with 30 micromolar propidium iodide after discarding the second wash [2-MED-over the shoulder].
3.1.1. Talent washing cells, with medium container visible in frame
3.1.2. Talent adding PI to cells, with medium and PI containers visible in frame
3.2. For repair restrictive-conditions, wash the cells one time with 200 microliters of 37 °C-M2 medium supplemented with 5 millimolar EGTA per well [1-CU] followed by one wash with 200 microliters of M2 medium alone [2-CU].
3.2.1. EGTA being added to cells, with medium and EDTA containers visible in frame
3.2.2. Cells being washed with M2, with medium container visible in frame
3.3. After discarding second wash, add 100 microliters of fresh 37 °C-M2 medium supplemented with 30 micromolar propidium iodide per well [1-MED].
3.3.1. Talent adding PI to cells, with medium and PI containers visible in frame
3.4. Then image the plate under transmitted light, GFP, and PI as just demonstrated [1-MED].
3.4.1. Talent adding plate to reader
3.5. While the plate is being imaged, place a 96-well, round-bottom polypropylene microplate on ice [1-CU] and configure the plate as just demonstrated for the previous plate [2-LM].
3.5.1. Plate being placed onto ice
3.5.2. Slide1.TIF: no animation
3.6. For repair-permissive conditions, add 100 microliters of ice-cold M1 medium supplemented with 60 micromolar propidium iodide per well [1-MED] followed by the addition of 100 microliters of ice-cold M1 with or without 4x listeriolysin O per well [2-CU]. 
3.6.1. Talent adding medium to well(s), with medium and PI containers visible in frame [Shots 3.6.1 and 3.6.2 combined]
3.6.2. LLO being added to well(s), with LLO container label visible in frame

3.7. For repair-restrictive conditions, add 100 microliters of ice-cold M2 medium supplemented with 60 micromolar propidium iodide per well [1-MED-over the shoulder] followed by the addition of 100 microliters of ice-cold M2 with or without 4x listeriolysin O per well [2-CU].
3.7.1. Talent adding medium to well(s), with medium and PI containers visible in frame [Shots 3.7.1 and 3.7.2 combined]
3.7.2. LLO being added to well(s), with LLO container label visible in frame
3.8. Jonathan Lam: “It is imperative to prepare listeriolysin O at the appropriate experimental concentration on ice approximately 5 minutes prior to the start of the kinetic assay when plate 1 is on ice and plate 2 is being prepared.” 

3.8.1. Jonathan Lam, speaking the above interview style (looking just off-camera)
3.9. When the first plate is finished imaging, immediately transfer the plate onto a sheet of aluminum foil on ice [1-MED].

3.9.1.  Talent placing plate onto foil on ice

3.10. After 5 minutes, transfer 100 microliters from each well of the second plate to the appropriate corresponding well in the first cooled plate [1-MED-over the shoulder], inserting the pipette tips below the meniscus of solution in each well before ejecting the volume without mixing for proper distribution of the toxin [2-CU-TXT].

3.10.1.  Talent aspirating contents from second plate

3.10.2.  Tips entering well(s), then contents being ejected (TEXT: Caution: Avoid bubbles)

3.11. Allow the toxin to bind to the host cells for 1 minute [1-MED] and immediately transfer the first plate to the plate reader for the post-kinetic assay using the spectrofluorometer mode [2-CU].
3.11.1.  Talent looking at watch/clock/setting timer
3.11.2.  Plate being loaded onto reader
3.12. At the end of the kinetic assay, immediately acquire a post-kinetic imaging of the plate image as demonstrated for the pre-kinetic imaging [1-MED-over the shoulder].
3.12.1.  Talent at computer, setting up post-kinetic imaging parameters, with monitor visible in frame
3.13. To determine the cell count based on the nuclear fluorescence, in the microplate cell enumeration software [1-MED], under “Settings”, select “Re-analysis”, and, in the “Image Analysis Settings”, select “Discreet Object Analysis”, using “541” as the wavelength for finding objects [2-SCREEN].
3.13.1.  Talent at computer, opening enumeration software, with monitor visible in frame

3.13.2.  *To be provided by Authors: Re-analysis being selected, then Discreet Object Analysis being selected, then 541 being set

3.14. Within the “Find Objects option”, use the “Draw on Images” finding method, select “Nuclei” and click “Apply” [1-SCREEN].
3.14.1.  *To be provided by Authors:  Draw on images being set, then Nuclei being selected and Apply being clicked 
3.15. Then click “OK” and “Read” to initiate the cell counting algorithm [1-SCREEN].
3.15.1.  *To be provided by Authors:  OK and Read being clicked/cell counting being initiated
4. Results: Representative Plasma Membrane Efficiency Resealing in Mammalian Cells
4.1. GFP expression does not interfere with propidium iodide intensity measurements [1-LM] in the presence or absence of [2-LM] listeriolysin O treatment [3-LM].
4.1.1. Slide3.TIF: Video Editor: please add/emphasize +PI bracket

4.1.2. Slide3.TIF: Video Editor: please emphasize circle +PI data lines

4.1.3. Slide3.TIF: Video Editor: please emphasize triangle + PI data lines

4.2. The expression of propidium iodide can bleed through GFP fluorescence, as evidenced by an increase in GFP fluorescence intensity in HeLa H2B-GFP cells in the post-kinetic imaging assay [2-LM] compared to the pre-kinetic analysis [3-LM].

4.2.1. Authors: please upload the images from Figure 4A through the submission link together in a new unflattened .ai or .psd file without the A label: no animation

4.2.2. Figure 4A: Video Editor: please emphasize green and red post-kinetic images in both sets of images

4.2.3. Figure 4A: Video Editor: please emphasize green and red pre-kinetic images in both sets of images
4.3. Importantly, however, this crossover does not affect cell counting, as the segmentation process involved in the enumeration of the nuclei is unaffected by an increase in GFP fluorescence [1-LM].
4.3.1. Authors: please upload the graph from Figure 4C through the submission link as its own .ai or .psd file without the C label: Video Editor: please add bracket and “n.s.” text over both pairs of data bars
4.4. In the absence of listeriolysin O, the plasma membrane integrity remains constant in the presence or absence of extracellular calcium [1-LM], while listeriolysin O treatment in the presence of calcium-supplemented medium results in a steady increase in propidium iodide fluorescence intensity [2-LM].
4.4.1. Slide5.TIF: Video Editor: please emphasize black data lines

4.4.2. Slide5.TIF: Video Editor: please emphasize solid red data line

4.5. In the absence of extracellular calcium, however, there is a significantly steeper increase in propidium iodide fluorescence, reflecting the absence of membrane resealing [1-LM].
4.5.1. Slide5.TIF: Video Editor: please emphasize dotted red data line

4.6. Alternatively, a carbocyanine nucleic acid binding dye with fluorescence in the far red can be substituted for propidium iodide to minimize the spectral overlap with GFP [1-LM]. 

4.6.1. Authors: please upload the images from Figure 6A through the submission link together in a new unflattened .ai or .psd file without the A label: Video Editor: please emphasize red images/red signal in bottom images

4.7. In addition, the larger extinction coefficient of the far red dye exhibits a higher signal-to-noise ratio [1-LM] and a better resolution between the repair-permissive [2-LM] and repair-restrictive conditions [3-LM]. 
4.7.1. Authors: please upload the graph from Figure 6B through the submission link as its own .ai or .psd file without the B label or the brackets and asterisks: Video Editor: please add brackets and asterisks as in original Figure 6B
4.7.2. Authors: please upload the graphs from Figure 7A through the submission link together in a new unflattened .ai or .psd file without the A label: Video Editor: please emphasize black and grey data lines in both graphs
4.7.3. Figure 7A: Video Editor: please emphasize blue, green, yellow, and red data lines in both graphs
5. Conclusion (said by authors on camera):
5.1. Jonathan Lam: While attempting this procedure, it is recommended to label all of the tubes a day ahead of the experiment, as this will prepare you for all of the reagent preparation on the day of the experiment. 
5.2. Jonathan Lam: Following this procedure, other methods, like image cytometry, can be performed to answer additional questions, such as, does a pore-forming toxin damage all cells uniformly or are some cells more susceptible than others? 
5.3. Jonathan Lam: After its development, this technique has paved the way for researchers in the fields of infectious disease and plasma membrane repair to explore the effects of pore size on the repair efficiency of different cell types.
5.4. Jonathan Lam: Don't forget that working with recombinant listeriolysin O and human cell lines can be hazardous and that precautions, such as wearing personal protective equipment and avoiding direct contact with these materials, should always be taken while performing this procedure.   

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Insert the filenames of all the media to be included into the video here.
Slide1.TIF

Slide3.TIF

Slide5.TIF
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 in the email accompanying the finalized script.
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