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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  
Can you record movies/images using your own microscope camera? (Y/N)___Y______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: __Zeiss Cell Observer Spinning Disk Confocal System for Live-Cell
Imaging___________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y but minimal_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ____3.2-3.6_______________________________________
 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___4.5 – making sure that the cells maintain focus. To combat this we ensure the temperature of the environmental chamber is steady over the course of the time-lapse and use focus correction modules if available (note: the use of a focus correction module is not included in the protocol here)________________________

E.  Location: Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? _____The microscope and tissue culture hood are in the two adjacent rooms in the same lab approx_50 ft between the two._____________________________________________ 
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. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this methodology is to visualize one of the first steps in the activation of initiator caspases.  This step is called “induced proximity” and occurs when caspase molecules come together to form active dimers during apoptotic cell death. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Lisa: This method can help answer key questions in the caspase field, such as when, where and how efficiently specific initiator caspases are activated [1-MED]. 
1.1.1. Lisa speaks toward the camera, interview style.
1.2. Lisa: The main advantage of this technique is that one can visualize the assembly of caspase activation complexes in living cells in real time [1-MED].   
1.2.1. Lisa speaks toward the camera, interview style.
Authors, the introduction is limited to 2 statements (of less than 30 words) per author and 150 words total.  Therefore, I had to remove your optional statements from the introduction, but I was able to work them into the protocol and the conclusion.

Protocol: (read by voice talent at JoVE)
Editors, please use a zoom bubble to highlight the action being performed in the SCREEN capture movies if it is helpful for viewer visualization.
2. Transfection of Cells to Introduce the Caspase Bimolecular Fluorescence Complementation (BiFC) Components
2.1. Lisa:  This Bimolecular-Fluorescence complementation method uses fragments of the fluorescent protein, Venus, that have been fused to a caspase.  The fragments are not fluorescent on their own but when the caspase undergoes induced proximity this brings the two Venus halves together and they light up [1-MED]/[2-LM].
2.1.1. Lisa speaks towards the camera, interview style.  Editors, please use 2.1.1 for the audio and 2.1.2 for the visual to cover 2.1.
2.1.2. 57316_Bouchier-Hayes_Figure 1B.tiff – Editors, please zoom into the left side of the figure for the first sentence.  Then, staying zoomed in, pan over to the right side of the figure as the second sentence is narrated, and highlight the green “Intact Venus” component to indicate it fluoresces. 
2.2. To transfect the cells, first add 12 microliters of the transfection reagent to 750 microliters of reduced serum media in a sterile tube [1-CU].  Incubate the mixture at room temperature for 5 minutes [2-MED-over the shoulder].
2.2.1. Sterile tube as talent adds 12 microliters of the transfection reagent to 750 microliters of reduced serum media.
2.2.2. Talent leaves the mixture at room temperature and starts a timer to count-down from 5 minutes.
2.3. Then, add 10 nanograms of a reporter plasmid to a sterile 1.5 milliliter tube for each well to be transfected [1-MED].  Add 20 nanograms of each caspase-BiFC (pronounced as “B-I-F-C”) plasmid to each tube [2-CU-TXT].
2.3.1. Talent adds 10 nanograms of a reporter plasmid to a sterile 1.5 milliliter tube for each well to be transfected.
2.3.2. Tube as talent adds 20 nanograms of each caspase BiFC plasmid.  Use labeled containers.  TEXT Overlay: caspase-2 prodomain-VC, caspase-2 prodomain-VN
2.4. Bring each tube up to a total volume of 100 microliters by adding reduced serum media [1-MED-over the shoulder].  Using a p200 pipette, add 100 microliters of transfection reagent solution to the plasmid mixture in a dropwise manner [2-CU].
2.4.1. Talent brings each tube up to a total volume of 100 microliters by adding reduced serum media.
2.4.2. p200 pipette as talent adds 100 microliters of transfection reagent solution to the plasmid mixture in a dropwise manner. 
2.5. After incubating the plasmid-transfection reagent mix for 20 minutes at room temperature, aspirate the media from the cells using a pipette or with suction [1-MED-TXT].  Then, using a p1000 pipette, pipette 800 microliters of serum free media gently down the side of the well [2-CU].
2.5.1. Talent picks up the plasmid-transfection reagent mix and aspirates the media from the cells using a pipette or with suction.  TEXT Overlay: See text for preparation of cells in a 6-well plate
2.5.2. Plate as talent uses a p1000 pipette to pipette 800 microliters of serum free media gently down the side of the well.
2.6. Using a p200 pipette, add 200 microliters of the DNA-lipid complex dropwise to each well [1-MED-over the shoulder].  Incubate the cells in a tissue culture incubator at 37 degrees Celsius for 3 hours [2-MED].
2.6.1. Talent adds 200 microliters of the DNA-lipid complex dropwise to each well.
2.6.2. Talent places the cells into the tissue culture incubator.
2.7. Following incubation, remove the serum free media containing the DNA-lipid complexes by aspiration using suction or with a pipette, taking care not to disrupt the monolayer [1-CU].  
2.7.1. Plate as talent removes the media by aspiration using suction or with a pipette, taking care not to disrupt the monolayer.
2.8. Pipette 2 milliliters of pre-warmed complete growth media gently down the side of each well before incubating the cells as described in the text protocol [1-MED-TXT].
2.8.1. Talent pipettes 2 mL of pre-warmed complete growth media gently down the side of each well.  Use labeled containers.  TEXT Overlay: Pre-warm to 37 °C
3. Three-Dimensional Imaging of Caspase BiFC 
3.1. Prior to data acquisition, perform induction of caspase activation as described in the text protocol [1-Title Card].	
3.1.1. Title Card
3.2. Turn on the microscope following the manufacturer’s instructions and launch the acquisition software [1-MED-over the shoulder].
3.2.1. Talent turns on the microscope and launches the acquisition software.  
3.3. Select the 60x or 63x oil objective and place a drop of oil onto the objective [1-CU].  Then, place the culture dish on the microscope stage using the correct plate holder [2-MED].  Turn on the heater and set the temperature to 37 degrees Celsius [3-MED-over the shoulder].  
3.3.1. 60x or 63x oil objective as talent moves it into place and then deposits a drop of oil on the objective.
3.3.2. Talent places the culture dish on the microscope stage using the correct plate holder. 
3.3.3. Talent turns on the heater and sets the temperature to 37 degrees Celsius.
3.4. Focus on the reporter fluorescence using the RFP laser or filter.  Input the percentage laser power at 50% and the exposure time at 100 milliseconds for both Venus and RFP as a starting point to determine the optimal settings to use for the experiment [1-SCREEN-TXT].
3.4.1. 57316_Bouchier-Hayes_SCREEN_3.4.1: Screen capture movie of the microscope software as talent focuses on the reporter fluorescence using the RFP laser or filter.  Then talent inputs the percentage laser power to 50% and the exposure time at 100 milliseconds for both Venus and RFP as a starting point to determine the optimal settings to use for the experiment.  TEXT Overlay (as first sentence is narrated): RFP = red fluorescent protein
3.5. Turn on the live capture and inspect the resulting image and the displayed histograms for both channels.  If the signal is low and the image is hard to make out, increase the percentage laser power and/or exposure time in increments until the signal in the image looks good [1-SCREEN].
3.5.1. 57316_Bouchier-Hayes_SCREEN_3.5.1: Screen capture movie of the microscope software and live capture view as talent turns on the live capture and inspects the resulting image and the displayed histograms for both channels.  Have the image appear with a low-signal image so talent can demonstrate increasing the percentage laser power and/or exposure time in increments until the signal in the image looks good.  
3.6. Next, select or open the Z stack module in the microscope software.  Adjust the focus in one direction until the cell is no longer visible.  Select this as the top position.  Adjust the focus in the opposite direction until the cell is again no longer visible and select this as the bottom position.  Choose the optimal step size and start the acquisition [1-SCREEN-TXT].  
3.6.1. 57316_Bouchier-Hayes_SCREEN_3.6.1: Screen capture movie of the microscope software and live capture view as talent selects the Z stack module in the microscope software.  Then talent adjusts the focus in one direction until the cell is no longer visible.  Talent selects this as the top position.  Talent adjusts the focus in the opposite direction until the cell is again no longer visible and selects this as the bottom position.  Then talent chooses the optimal step size and starts the acquisition.  TEXT Overlay (as last sentence is narrated): Optimal step size ~ 20 μm
3.7. Finally, use 3-dimensional rendering software to reconstruct the 3D image [1-MED-over the shoulder] [3.7.1].
3.7.1. Talent works on the 3D rendering software to reconstruct the 3D image. (Videographer Comment: Screen cap)
4. Time-Lapse Imaging of Caspase BiFC
4.1. If a CO2 source is available, place the CO2 delivery device on top of the plate holder [1-CU].  Set the CO2 level to 5% and turn on the CO2 controller from within the software [2-MED-over the shoulder].
4.1.1. CO2 delivery device as talent places it on top of the plate holder. Placing 4 chamber dish on heated stage [optional footage to show a different plate holder and plate type] CO2 delivery device as talent places it on top of the plate holder.
4.1.1. Talent works on the software to set the CO2 level to 5% and turn on the CO2 controller.
4.2. Navigate to a field of transfected cells.  Visualize the live image of the cells as acquired by the camera and displayed by the acquisition software on the computer screen, using the RFP laser [1-SCREEN].
4.2.1. 57316_Bouchier-Hayes_SCREEN_4.2.1: Screen capture movie of the microscope software and live capture view as talent navigates to a field of transfected cells and visualizes the live image of the cells as acquired by the camera and displayed by the acquisition software on the computer screen using the RFP laser.
4.3. Next, input the settings for percentage laser power and exposure time for the RFP laser.  Then, input the settings for percentage laser power and exposure time for the YFP laser light [1-SCREEN-TXT].
4.3.1. 57316_Bouchier-Hayes_SCREEN_4.3.1: Screen capture movie of the microscope software and live capture view as talent inputs the settings for percentage laser power and exposure time for the RFP laser.  Then, talent inputs the settings for percentage laser power and exposure time for the YFP laser light.  TEXT Overlay (as last sentence is narrated): YFP = yellow fluorescent protein
4.4. For each well of the plate, choose a number of different positions that contain one or more cells expressing the reporter.  Input the time interval between each frame of the time-lapse and total number of frames to be taken.  Re-visit each position and correct and update the focus as needed.  Begin the time-lapse and save the data [1-SCREEN].  
4.4.1. 57316_Bouchier-Hayes_SCREEN_4.4.1: Screen capture movie of the microscope software and live capture view as talent chooses a number of different positions that contain one or more cells expressing the reporter.  Talent inputs the time interval between each frame of the time-lapse and total number of frames to be taken.  Talent re-visits each position and corrects and updates the focus as needed.  Then talent begins the time-lapse and saves the data.
4.5. Finally, analyze the data using available imaging software as described in the text protocol [1-MED-over the shoulder].
4.5.1. Talent works at the computer to analyze the data with imaging software.
5. Results: Visualization of Caspase Activation Pathways using Caspase Bimolecular Fluorescence Complementation
5.1. Shown here is an example of caspase-2 BiFC following DNA damage.  Cells were treated with the topoisomerase-one inhibitor, Camptothecin [1-LM].
5.1.1. 57316_Bouchier-Hayes_Figure 3_no_label.tif – Authors, please remove the “A” and “B” labels from this figure for the video.  Editors, please highlight the word “Camptothecin” as narrated.
5.2. The red fluorescent protein mCherry was used as a reporter to show that the cells express the BiFC probe and to help visualize the total number of cells [1-LM].  
5.2.1. 57316_Bouchier-Hayes_Figure 3_no_label.tif – Editors, please zoom into the left panel as this point is narrated.
5.3. Venus fluorescence is shown in green and the large puncta represent caspase-2 induced proximity [1-LM].
5.3.1. 57316_Bouchier-Hayes_Figure 3_no_label.tif – Editors, staying zoomed in, please slide over to the right panel and highlight the green spots as this point is narrated.
5.4. To provide high resolution visualization of the subcellular localization of the caspase activation complex, single cells can be imaged in three dimensions.  Caspase-2 activation is shown here in green and the nucleus is shown in red [1-LM].  
5.4.1. 57316_Bouchier-Hayes_Figure 4.tif
5.5. The orthogonal slices view of the cell is shown where the xy plane… [1-LM], the yz plane… [2-LM], and the xz plane can be visualized side by side [3-LM]. 
5.5.1. 57316_Bouchier-Hayes_Figure 4.tif – Editors, please highlight the thicker blue line in a square in the center-to-bottom-left of the figure to show the xy plane.
5.5.2. 57316_Bouchier-Hayes_Figure 4.tif – Editors, please highlight the thicker yellow lines in a rectangle at the right of the figure to show the yz plane.
5.5.3. 57316_Bouchier-Hayes_Figure 4.tif – Editors, please highlight the thicker white lines in a rectangle at the top of the figure to show the xz plane.
5.6. The three dimensional image can also be displayed in a movie where the cell is rotated around the y-axis [1-LM].
5.6.1. 57316_Bouchier-Hayes_Movie 1
5.7. To provide kinetic data of caspase BiFC, time lapse imaging can be used.  This movie shows caspase-2 activation in green following treatment with the proteasome inhibitor bortezomib.  The mitochondria are shown in red [1-LM].
5.7.1. 57316_Bouchier-Hayes_Movie 2


6. Conclusion (said by authors on camera)
6.1. Lisa: After watching this video, you should have a good understanding of how to use caspase BiFC to track the assembly of the caspase activation complexes in real time and to distinctly determine the size, shape and localization of the complexes produced [1-MED].
6.1.1. Lisa speaks toward the camera, interview style.
6.2. [1-MED]. 
6.2.1. Lisa speaks toward the camera, interview style.
6.3. Lisa: This protocol outlines a few microscope-based approaches to collecting the results of a caspase BiFC experiment. However, it should be noted that a number of variations and combinations of these approaches can be used to creatively interrogate caspase activation pathways [1-MED].
6.3.1. Lisa speaks toward the camera, interview style.
6.4. Lisa: Deciding which acquisition and analysis method to use will be determined by the parameters to be explored and the availability of instrumentation and imaging software [1-MED].
6.4.1. Lisa speaks toward the camera, interview style. (Videographer Comment: Slated as 6.4a)
6.5. Lisa: While attempting this procedure, it’s important to remember to include controls for microscopy-induced artefacts such as phototoxicity and photobleaching.  The accompanying text protocol includes tips to accomplish this [1-MED].
6.5.1. Lisa speaks toward the camera, interview style. (Videographer Comment: Slated as 6.4.1)
6.6. Lisa: Following this procedure, imaging analysis approaches can be used to interpret the data.  You can measure changes in fluorescence intensity over time or the percentage of fluorescent cells.  Numbers of foci or object size can also be calculated [1-MED]. 
6.6.1. [bookmark: _GoBack]Lisa speaks toward the camera, interview style. (Videographer Comment: Slated as 6.5.1)

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.  

Insert your media filenames here.

LAB MEDIA (LM):

57316_Bouchier-Hayes_Figure 1B.tiff
57316_Bouchier-Hayes_Figure 3_no_label.tif – Authors, please remove the “A” and “B” labels from this figure for the video.   
57316_Bouchier-Hayes_Figure 4.tif
57316_Bouchier-Hayes_Movie 1
57316_Bouchier-Hayes_Movie 2

SCREEN Capture Movies:
57316_Bouchier-Hayes_SCREEN_3.4.1: Screen capture movie of the microscope software as talent focuses on the reporter fluorescence using the RFP laser or filter.  Then talent inputs the percentage laser power to 50% and the exposure time at 100 milliseconds for both Venus and RFP as a starting point to determine the optimal settings to use for the experiment.  
57316_Bouchier-Hayes_SCREEN_3.5.1: Screen capture movie of the microscope software and live capture view as talent turns on the live capture and inspects the resulting image and the displayed histograms for both channels.  Have the image appear with a low-signal image so talent can demonstrate increasing the percentage laser power and/or exposure time in increments until the signal in the image looks good.  
57316_Bouchier-Hayes_SCREEN_3.6.1: Screen capture movie of the microscope software and live capture view as talent selects the Z stack module in the microscope software.  Then talent adjusts the focus in one direction until the cell is no longer visible.  Talent selects this as the top position.  Talent adjusts the focus in the opposite direction until the cell is again no longer visible and selects this as the bottom position.  Then talent chooses the optimal step size and starts the acquisition.  
57316_Bouchier-Hayes_SCREEN_4.2.1: Screen capture movie of the microscope software and live capture view as talent navigates to a field of transfected cells and visualizes the live image of the cells as acquired by the camera and displayed by the acquisition software on the computer screen using the RFP laser.
57316_Bouchier-Hayes_SCREEN_4.3.1: Screen capture movie of the microscope software and live capture view as talent inputs the settings for percentage laser power and exposure time for the RFP laser.  Then, talent inputs the settings for percentage laser power and exposure time for the YFP laser light.  
57316_Bouchier-Hayes_SCREEN_4.4.1: Screen capture movie of the microscope software and live capture view as talent chooses a number of different positions that contain one or more cells expressing the reporter.  Talent inputs the time interval between each frame of the time-lapse and total number of frames to be taken.  Talent re-visits each position and corrects and updates the focus as needed.  Then talent begins the time-lapse and saves the data.


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 are included in the email accompanying the finalized script.
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