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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? YES  
Can you record movies/images using your own microscope camera? YES
2. Does your protocol include software usage? YES, all SC uploaded
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
The following steps are the most important: 2.3., 3.1., 3.2., 3.3., 3.4., 4.1
4. 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.)
The steps 2.2. and 2.3.
5. Will the filming need to take place in multiple locations? NO
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Luis Pardo:  Here we present a robust and detailed method of microtubule dynamics analysis in cells synchronized in prometaphase using live-cell spinning disk confocal microscopy and MATLAB-based image processing. 

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

1.2. Naira Movsisyan: The use of a red-shifted fluorescent protein, in combination with the spinning disk microscopy reduces phototoxicity and the probability of light-induced artifacts. Therefore, larger number of cells can be imaged in the same preparation. 

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

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Luis Pardo: MT dynamicity is altered in many pathological conditions, and determining the nature of this property can help to understand disease mechanisms and subsequently their treatment. The protocol of MT dynamics detection can also be a method of choice for drug screening. 

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

1.4. Naira Movsisyan: The method can be modified by changing, for instance, the synchronization protocol and obtaining cells from different phases of the cell cycle. It can be a useful tool for screening MT targeting chemotherapeutic drugs when the effect on interphase and dividing cells should be distinguished. 

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

1.5. Naira Movsisyan: It is necessary to optimize the seeding density and transfection conditions for each cell type. The expression levels need to be low enough to allow the identification of single MT growing ends. 

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







Section - Protocol
2. Cell Seeding and pEB3-tdTomato Expression 
2.1. Start by rinsing asynchronously growing HeLa cells in DPBS [1], then incubate them with trypsin-EDTA for 5 minutes at 37 °C [2]. Stop the trypsinization by adding RPMI 1640 medium supplemented with 10% heat inactivated FCS at a 3 to 1 ratio of the added trypsin-EDTA [3]. 
2.1.1. WIDE: Establishing shot of talent at the culture hood rinsing the cells. 
2.1.2. Talent putting the cell flask in the incubator and closing the door. 
2.1.3. Talent adding the supplemented medium to the cells. 
2.2. Calculate the concentration of the cells according to manuscript directions and seed 50,000 cells into each well of a pre-prepared chambered coverslip [1]. Return the coverslip to the incubator and grow cells for 24 hours at 37 °C and 5% carbon dioxide [2]. Videographer: This step is difficult!
2.2.1. Talent seeding cells into the coverslip wells. 
2.2.2. Talent putting the coverslip in the incubator. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
2.3. On the next day, remove the cells from the incubator [1] and dropwise add 100 microliters of transfection mixture to each well [2]. Return the cells to the incubator and incubate them for another 24 hours [3], supplementing the cells with fresh medium after 4 hours of incubation [4]. Videographer: This step is difficult and important!
2.3.1. Talent taking coverslip out of the incubator. 
2.3.2. Talent adding transfection reagent to the cells, dropwise. 
2.3.3. Use 2.2.2. 
2.3.4. Talent adding fresh medium to the wells. 

3. Synchronization and Live-cell Imaging
3.1. Prepare a 2.5 micromolar solution of dimethylenastron, or DME, in phenol-red free DMEM supplemented with 10% FCS and 2 millimolar L-glutamine [1]. Replace the growth medium in the chambered coverslip with the DME growth medium [2] and return the cells to the incubator [3]. Videographer: This step is important!
3.1.1. Talent preparing the medium. 
3.1.2. Talent replacing medium in the coverslip. 
3.1.3. Use 2.2.2.
3.2. After 3.5 hours of incubation, transfer the cells to the microscope by mounting the chambered coverslip into an environmental chamber set to 37 °C and 5% carbon dioxide with dark panels for imaging [1], then continue the incubation for a total of 4 hours [2]. Videographer: This step is important!
3.2.1. Talent transferring the cells to the microscope. 
3.2.2. Cells incubating in the chamber, or just a shot of the chamber and microscope.
3.3. Perform time-lapse imaging on an inverted microscope with a 100 X 1.49 N.A. oil immersion objective, a dual disk confocal system, and a reliable autofocus system [1]. Define the imaging parameters as described in the text manuscript [2]. Videographer: This step is important!
3.3.1. Microscope setup. 
3.3.2. Talent at the computer defining parameters. 

3.4. Find a cell in prophase and focus in the Z-plane corresponding to the center of the monopolar mitotic spindle [1], then acquire images every 0.5 seconds over a total of 1 minute with no binning and no illumination between exposures [2]. Videographer: Film the screen for these two shots. This step is important!

3.4.1. SCREEN: Cell in prophase being focused. 
3.4.2. SCREEN: Time-lapse imaging being set and imaging started. 

4. Analysis of Microtubule Dynamics 
Video Editor: Authors have uploaded a screen capture movie along with the time stamps (60478_screenshot description.docx), as well as screenshots for all the steps. Please feel free to use the lab media that looks good to you.  
4.1. Start by loading the numerical-analysis software and adding the U-Track v2.2.0 folder into the software search path [1]. Call “movie Selector GUI” from the command window, then import the raw files generated by the image acquisition software [2]. Videographer: This step is important!
4.1.1. SCREEN: 60478_screenshot video.mp4. 0:00 – 0:11
4.1.2. SCREEN: 60478_screenshot video.mp4. 0:11 – 0:33 
4.2. Manually enter the numerical aperture of the objective and the time interval used for imaging [1]. Once all the images are loaded, save the entered time-lapse series as a movie by selecting “Save As Movie List” and the “U-track” option on the right side of the dialogue window [2].
4.2.1. SCREEN: 60478_screenshot video.mp4. 0:33 – 0:55 Video Editor: Emphasize the time interval and NA entries. 
4.2.2. SCREEN: 60478_screenshot video.mp4. 0:55 – 1:04 
4.3. Select “Microtubule Plus-Ends” from the pop-up menu and click “Ok” [1], which opens a new dialogue window to determine the parameters for the three steps of the analysis [2]. 
4.3.1. SCREEN: 60478_screenshot video.mp4. 1:04 – 1:07
4.3.2. SCREEN: 60478_screenshot video.mp4. 1:07 – 1:10 Video Editor: Emphasize the detection, tracking, and track analysis settings (step 1 – step 3). 

4.4. For step 1, click “Settings” and select “Comet Detection” from the drop-down menu [1]. Define the parameters for the difference of Gaussian filter and the watershed segmentation as described in the manuscript, then select “Apply Settings to All Movies” and click “Apply” [2]. 

4.4.1. SCREEN: 60478_screenshot video.mp4. 1:10 – 1:11
4.4.2. SCREEN: 60478_screenshot video.mp4. 1:11 – 1:19 

4.5. For step 2, select the "Microtubule Plus-end Dynamics" and use the Setting options to define the values for linking, gap closing, merging and splitting, and Kalman filter functions according to the text manuscript [1]. 

4.5.1. SCREEN: 60478_screenshot video.mp4. 1:19 – 1:46 

4.6. For problems with dimensionality, choose "2" from the drop-down menu and use 5 frames for “Maximum Gap to Close” and 3 frames for “Minimum Length of Track Segments from First Step” [1]. As before, select “Apply Settings to All Movies” and click “Apply” [2].

4.6.1. LAB MEDIA: 60478_screenshot_19.png. Video Editor: Emphasize the ‘problem dimensionality’, ‘maximum gap to close’, and ‘minimum length of track segments’ selections.
4.6.2. SCREEN: 60478_screenshot video.mp4. 1:46 – 1:49

4.7. For step 3, choose “Microtubule Dynamics Classification” as a track analysis method and define the parameters through the “Setting” button [1]. 

4.7.1. SCREEN: 60478_screenshot video.mp4. 1:49 – 1:51

4.8. Select the boxes for “Remove tracks at the beginning and end of the movie” and “Make statistics histograms”. From the drop-down lists select “Using 2-3 frames before forward gap” and “95th percentile of forward gap speed distribution” for “Forward” and “Backward” reclassification, respectively [1]. 

4.8.1. SCREEN: 60478_screenshot video.mp4. 1:51 – 1:57

4.9. Once all parameters are defined, select “Apply Check-Uncheck to All Movies” and "Run All Movies" boxes from the “Control Panel-U-Track” window, then press “Run” [1]. A message is displayed once the movie processing is complete [2].

4.9.1. SCREEN: 60478_screenshot video.mp4. 1:57 – 2:05
4.9.2. SCREEN: 60478_screenshot video.mp4. 2:05 – 2:06

Section – Results
5. Results: Analysis of Microtubule Dynamics in HeLa Cells Synchronized in Prometaphase 
5.1. The pEB3-tdTomato plasmid was transiently expressed in HeLa cells and the cells were synchronized with DME treatment. Time-lapse movies of microtubule growth were analyzed [1] and the resulting growth speed and dynamicity were plotted [2]. 
5.1.1. LAB MEDIA: Figure 1 C. 
5.1.2. LAB MEDIA: Figure 1 E and F. Video Editor: Emphasize the black circles in both plots.
5.2. The parameters described to affect the analysis, such as "Maximum Gap Length" [1] and "Maximum Shrinkage Factor", were modified for the same set of time-lapse movies [2]. The corresponding values of growth speed and dynamicity were calculated [3]. 
5.2.1. LAB MEDIA: Movie_01_MaxGap.mov 
5.2.2. LAB MEDIA: Movie_01_Shrinkage.mov
5.2.3. LAB MEDIA: Figure 1 E and F. Video Editor: Emphasize the red squares and blue triangles in both plots. 
5.3. While the resulting growth speed was not significantly affected, the dynamicity was different when “Maximum Gap Length” was modified [1]. In all three cases, the detection of microtubule subtracks was similar [2]. 
5.3.1. LAB MEDIA: Figure 1 E and F. Video Editor: Emphasize the red squares in the dynamicity plot.
5.3.2. LAB MEDIA: Figure 1 D. 

5.4. In order to assess whether imaging conditions interfered with microtubule behavior, the first and second halves of the time-lapse series were analyzed separately and the corresponding growth speed and dynamicity were compared [1]. As expected, no significant differences were detected [2]. 

5.4.1. LAB MEDIA: Figure 1 G and H. 
5.4.2. [bookmark: _GoBack]LAB MEDIA: Figure 1 G and H. Video Editor: emphasize the numbers below the black circles and red squares on both plots (16.37 and 16.3 on Growth Speed and 14.28 and 13.78 on Dynamicity).




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Luis Pardo: It is important to note that the synchronization protocol used here induces a high density of MTs, which can lead to false results if the tracking parameters are not optimized. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.5.1. 
6.2. Naira Movsisyan: The measurement of MT dynamics can be combined with studies of other biological targets, directly or indirectly targeting the MTs. 

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