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Author Questionnaire 

1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Protocol Length
Number of Shots: 22


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Giulia Bertolin: This method can be used to detect the activation of Aurora kinase A in a fast and robust manner using fluorescent biosensors relying on the principles of FRET [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Gilles Le Marchand: By measuring FRET efficiency in a rapid and online manner, we can instantaneously determine whether or not Aurora kinase A is activated [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.3. Marc Tramier: The FRET/FLIM device is relatively easy to mount and can be used on any wide field microscope that has a free side port [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera





Protocol
2. Donor/Acceptor Förster Resonance Energy Transfer (FRET) Pair Selection
2.1. After selecting a donor-acceptor FRET (fret) pair in the fluorescent protein database [1-TXT], in the Tools menu, select Spectra viewer [2].
2.1.1. WIDE: Talent opening FP page TEXT: https://www.fpbase.org/
2.1.2. SCREEN: To be provided by Authors: Tools and Spectra viewer being selected
2.2. Click Close to bypass the Welcome window and enter the name of the fluorophore pair to be visualized into the search box [1].
2.2.1. SCREEN: To be provided by Authors: Window being closed, then name being entered
2.3. To simulate the properties of the donor-acceptor pair with a specific light source, select a given laser and click Normalize emission to this to adjust the fluorophore spectra to the desired wavelength [1-TXT].
2.3.1. SCREEN: To be provided by Authors: Laser being selected TEXT: Alternative, select “Add laser” and enter specific laser wavelength, then Normalize emission to this being selected/spectra being adjusted
3. Cell Synchronization
3.1. The day after synchronization, replace the nocodazole-supplemented supernatant with sterile, pre-warmed PBS [1-TXT] and wash the cells with gentle rocking two times at room temperature [2].
3.1.1. WIDE: Talent adding PBS to culture TEXT: See text for cell preparation and synchronization details
3.1.2. Culture on rocker
3.2. After the second wash, feed the culture with sterile, pre-warmed imaging medium [1-TXT] and quickly place the cells in the thermostatic chamber of the microscope [2-TXT].
3.2.1. Talent adding medium to cells, with medium container visible in frame TEXT: See text for all medium preparation details
3.2.2. Talent carrying plate to microscope TEXT: Pre-warm chamber to 37 °C 30-60 min before imaging
4. FRET/Fluorescence Lifetime Imaging Microscopy (FLIM) Acquisitions
4.1. For FRET-FLIM (flim) acquisition, turn on the laser, camera, microscope setup, and imaging software [1] and select the appropriate excitation and emission wavelengths for the donor fluorophore and set the exposure time in the imaging software [2].
4.1.1. WIDE: Talent turning on laser and/or camera, etc
4.1.2. SCREEN: To be provided by Authors: Wavelength(s) and exposure time being set TEXT: Caution: Excessive laser power may results in inducted phototoxic effects
4.2. Before launching FRET-FLIM acquisitions, check for the formation of the bipolar spindle in the cells under the microscope using an external light source [1]. 
4.2.1. LAB MEDIA: To be provided by Authors: Shot of spindle in cell(s) OR Talent at microscope, checking cells
4.3. When the spindle has appeared, select an at least a 63x objective [1] and locate a cell in metaphase [2].
4.3.1. Talent selecting objective
4.3.2. SCREEN: To be provided by Authors: Cell being located 
4.4. Adjust the xyz coordinates to place the cell at the center of the field of view and select a single z plane in which the mitotic spindle is more visible or intense [1]. 
4.4.1. SCREEN: To be provided by Authors: Cell being placed at center of field of view, then plane being selected
4.5. Then start the recording. The majority of available commercial setups will generate both a fluorescence micrograph and a pixel-by-pixel lifetime map. Save both images [1-TXT].
4.5.1. SCREEN: To be provided by Authors: Recording being started, shot of generated micrograph and map, then image(s) being saved TEXT: Monitor and fluorescence intensity during time-lapse as necessary
5. Donor/Acceptor Pair Delta Lifetime Calculation and FLIM Value Comparison
5.1. To calculate the delta lifetime values for the donor-acceptor pair [1], select the region of interest corresponding to specific subregions [2] before extracting the lifetime values from the whole pixel-by-pixel lifetime map [3].
5.1.1. WIDE: Talent at computer, opening image(s), with monitor visible in frame
5.1.2. SCREEN: To be provided by Authors: Lifetime value(s) being selected/extracted
5.1.3. SCREEN: To be provided by Authors: ROI being selected
5.2. Then calculate the mean lifetime of the cells expressing the “donor-only” vector to obtain the mean donor lifetime [1].
5.2.1. SCREEN: To be provided by Authors: Mean lifetime being calculated 
5.3. For FLIM value comparison, subtract each calculated independent lifetime value from the mean donor lifetime for each cell in each of the experimental conditions analyzed to obtain the deltaLifetime value for each condition [1].
5.3.1. SCREEN: To be provided by Authors: Delta lifetime value(s) being entered into spreadsheet as separated by condition
5.4. The delta lifetime values for the donor-only, biosensor, kinase-dead, and pharmacological inhibitor-treated constructs, for example, can then be compared [1].
5.4.1. SCREEN: To be provided by Authors: Graph being created with different values OR LAB MEDIA: Figure 4A, 4B, and 4C graphs

Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
n/a

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.4.


Results

6. Results: Representative Aurora Kinase A (AURKA) FRET Biosensor and Negative Control Images

6.1. After synchronizing cells in G2-M and releasing them into mitosis, the lifetime of all the transfected constructs at the mitotic spindle can be measured [1].

6.1.1. LAB MEDIA: Figure 4

6.2. As expected, in this analysis [1], the lifetime values of GFP (G-F-P)-Aurora A [2-TXT] and Aurora A-mTurquoise2 were close to 0 [3], indicating that the values measured for these constructs fluctuated around the mean value [4].

6.2.1. LAB MEDIA: Figures 4A top image row, 4C top image row, 4A graph, and 4B graph 
6.2.2. LAB MEDIA: Figures 4A top image row, 4C top image row, 4A graph, and 4B graph TEXT: GFP: green fluorescent protein Video Editor: please emphasize Figure 4A images
6.2.3. LAB MEDIA: Figures 4A top image row, 4C top image row, 4A graph, and 4B graph Video Editor: please emphasize Figure 4C images
6.2.4. LAB MEDIA: Figures 4A top image row, 4C top image row, 4A graph, and 4B graph Video Editor: please emphasize solid black DMSO data box in Figure 4A and solid black AURKA-mTurquoise2 data box in Figure 4B

6.3. Conversely, the delta lifetime values for GFP-Aurora A-mCherry [1] were statistically different from the donor-only condition [2], with the delta lifetime value increasing approximately 130 picoseconds [3].

6.3.1. LAB MEDIA: Figure 4A top and middle images and graph 
6.3.2. LAB MEDIA: Figure 4A top and middle images and graph Video Editor: please emphasize middle images
6.3.3. LAB MEDIA: Figure 4A Video Editor: please emphasize grey DMSO data box

6.4. Similar observations [1] were made for shadowG-Aurora A-mTurquoise2 [2] and for superYFP (Y-F-P)-Aurora A-mTurquoise2 [3-TXT], with the delta lifetime values increasing approximately 150 and 220 picoseconds from the donor-only condition, respectively [4].

6.4.1. LAB MEDIA: Figure 4B
6.4.2. LAB MEDIA: Figure 4B Video Editor: please emphasize top row of images
6.4.3. LAB MEDIA: Figure 4B Video Editor: please emphasize bottom row of images TEXT: YFP: yellow fluorescent protein
6.4.4. LAB MEDIA: Figure 4B Video Editor: please emphasize second and third data boxes in graph

6.5. In this analysis, the values of delta lifetime in cells expressing the donor-only constructs around 0 appear to be pseudocolored yellow [1], while more significant differences are observed as a pseudocolored red-purple signal in cells expressing either biosensor [2].

6.5.1. LAB MEDIA: Figure 4A Video Editor: please emphasize yellow signal in top right image
6.5.2. LAB MEDIA: Figure 4A Video Editor: please emphasize middle right red signal

6.6. This effect was also observed when the GFP-Aurora A-mCherry biosensor was treated with a pharmacological inhibitor [1].

6.6.1. LAB MEDIA: Figure 4A Video Editor: please emphasize yellow signal in bottom right image and grey MLN8237 data box

6.7. In constructs with kinase-dead biosensors [1], delta lifetime values were significantly higher [2] compared to the donor-only condition [3] but are also significantly lower than their normal counterparts [4].

6.7.1. LAB MEDIA: Figures 4B and 4C graphs
6.7.2. LAB MEDIA: Figures 4B and 4C graphs Video Editor: please emphasize 3rd and 4th data boxes in Figure 4B graph
6.7.3. LAB MEDIA: Figures 4B and 4C graphs Video Editor: please emphasize 1st data box in Figure 4B
6.7.4. LAB MEDIA: Figures 4B and 4C graphs Video Editor: please emphasize top middle and right brackets in Figure 4C




Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Giulia Bertolin: Make sure that the variability of the donor-only condition fluctuates around its mean value and that it is significantly different from the lifetime of the biosensor constructs [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (6.2., 6.3.) 

7.2. Giulia Bertolin: Since the Aurora kinase A biosensor works well with dark acceptors, we can consider coupling it to a second biosensor to follow its enzymatic activity toward a substrate [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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