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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  

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: _____________________________________________

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

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.) __2.5, 3.2, 3.5, 4.3, 4.4, 4.5, 4.10_________________________________________
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.) __
The single most difficult aspect of this procedure is determining the proper parameters to use during both FRET and FRAP imaging. We have described the process by which parameter selection is completed in the methods section; however, we are not including this in the video due to the system variability and iterative nature of this process. The most difficult aspect that we are filming involves the creation of the FRET-FRAP journal which involves setting up individual journals and recording the capture process in the imaging software (summarized in section 4). ___
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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. BRENT: This method can help answer key questions in the field of mechanobiology, such as how forces are transmitted and sensed within the cell and between the cell and its environment [1-MED].
1.1.1. Brent speaks towards the camera (looking just off-camera), interview style. 
1.2. BRENT: The main advantage of this technique is that it allows access to molecular-scale information about how proteins respond to applied forces within the native context of a living cell [1-MED].   
1.2.1. Brent speaks towards the camera (looking just off-camera), interview style. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. KATHERYN: Though this method has been applied specifically to studying the focal adhesion protein vinculin, it can also be applied to other mechanically-sensitive proteins, such as talin, cadherins, or nesprin [1-MED].
1.3.1. Katheryn speaks towards the camera (looking just off-camera), interview style. 
1.4. ISHAAN: Visual demonstration of this method is critical as proper imaging set-up is difficult and necessary for the success of the analysis [1-MED].   
1.4.1. Ishaan speaks towards the camera (looking just off-camera), interview style. 

Protocol: (read by voice talent at JoVE)
Video editors, please use a zoom bubble to highlight the action being performed in the SCREEN capture movies.
2. Generate Samples for Imaging

2.1. Begin this procedure with stable expression of the tension sensor construct in the desired cell type as detailed in the text protocol [1-MED].  To prepare substrates for cell seeding, acquire 4, 35 millimeter glass-bottomed dishes [2-MED-over the shoulder].
2.1.1. Talent places the cells into the incubator.
2.1.2. Talent removes 4, 35 mm glass-bottomed dishes from the packaging or from storage.
2.2. Working in a cell culture hood, in a 15 milliliter conical tube, make 4 milliliters of 10 micrograms per milliliter fibronectin in phosphate-buffered saline solution using sterile PBS in the cell culture hood [1-CU]. [Note from VO: this sentence had redundancies, so rephrased a bit]
2.2.1. 15 mL conical tube as talent prepares 4 mL of 10 micrograms per mL fibronectin in PBS.
2.3. Gently invert the tube once to mix and let the solution sit for 5 minutes in the cell culture hood [1-MED].  Then, pipette 1 milliliter of fibronectin solution onto each glass-bottomed dish [2-CU].
2.3.1. Talent gently inverts the tube once to mix and then leaves the solution to sit in the culture hood.
2.3.2. Glass-bottomed dishes as talent pipettes 1 mL of fibronectin solution there.
2.4. Leave the fibronectin solution on the dishes for 1 hour at room temperature or overnight at 4 degrees Celsius [1-MED-over the shoulder].  Then, aspirate the fibronectin solution and rinse once with PBS [2-CU].  Leave 1 milliliter of PBS on the dishes until the cells are ready for seeding [3-MED].  
2.4.1. Talent starts an adjacent timer to count-down from 1 hour.
2.4.2. Plates as talent aspirates the fibronectin solution and rinses once with PBS.
2.4.3. Talent adds 1 mL of PBS to the dishes.  
2.5. After counting the cells, seed 30,000 cells onto each fibronectin-coated glass dish with the appropriate complete media for a final volume of 1.5 milliliters [1-CU-TXT].  
2.5.1. Plates as talent seeds the cells there in a final volume of 1.5 mL.  TEXT Overlay: See text for prepping cells
2.6. Allow the cells to spread for 4 hours following seeding [1-MED].
2.6.1. Talent places the cell dishes into the incubator.
2.7. At 2 hours of spreading, aspirate the growth media, and rinse once with imaging media.  Leave 1.5 milliliters of the imaging media [1-MED-over the shoulder]. 
2.7.1. Talent aspirates the growth media and rinses once with imaging media from a labeled container.  Then leaves 1.5 mL of imaging media.
3. Set up Microscope for Imaging
3.1. Warm up the microscope as described in the text protocol before beginning calibration [1-WIDE].
3.1.1. Talent turns on the microscope.
3.2. To calibrate the FRAP (Pronounce as one word, rhymes with “trap”) laser, first open the laser configuration window.  Set Illumination Setting-during pulse to the appropriate FRAP illumination settings for laser exposure to the sample.  Then, set Illumination Setting-during imaging to the illumination settings appropriate for imaging only the acceptor fluorophore [1-SCREEN]. 
3.2.1. 58610_Hoffman_SCREEN_3.2.1: Screen capture movie as talent opens the laser configuration window.  Talent sets Illumination Setting to the appropriate FRAP illumination settings for laser exposure to the sample.  Then talent sets Illumination Setting to the illumination settings appropriate for imaging only the acceptor fluorophore
3.3. Select the objective to calibrate under Coordinate System Setting.  Uncheck Manually Click Calibration Points and check Display images during calibration.  Set the Dwell time to 10000 microseconds and the number of pulses to 100 [1-SCREEN].
3.3.1. 58610_Hoffman_SCREEN_3.3.1: Screen capture movie as talent selects the objective to calibrate under Coordinate System Setting.  Talent unchecks Manually Click Calibration Points and checks Display images during calibration.  Talent sets the Dwell time to 10000 microseconds and the number of pulses to 100.
3.4. Now, place the calibration slide, made of ethidium bromide sealed between a glass slide and a coverslip, into the stage adaptor with the coverslip side down [1-CU].
3.4.1. Calibration slide as talent places it into the stage adaptor with coverslip side down. 
3.5. Use the acceptor illumination settings to focus on the surface of the slide, identifiable as the focal plane with the brightest signal.  Small defects in the coating will be visible to aid in focusing [1-MED-over the shoulder].
3.5.1. Talent uses the acceptor illumination settings to focus on the surface of the slide.
3.6. Move the slide to an area with uniform fluorescence across the imaging plane.  Click on Create Setting for the first calibration, or Update Setting for subsequent calibrations.  The software will initialize the calibration process, automatically bleaching and detecting the position of the bleached point [1-SCREEN].
3.6.1. 58619_Hoffman_SCREEN_3.6.1: Screen capture movie as talent moves the slide to an area with uniform fluorescence across the imaging plane.  Then talent clicks on Update Setting and the software initializes the calibration process.
3.7. Ensure successful calibration by assessing the final image, which will be a 3 by 3 grid of bleached points that should be evenly distributed and in focus.  Save the calibration image for future reference [1-SCREEN].
3.7.1. 58619_Hoffman_SCREEN_3.7.1: Screen capture movie as talent displays the final image as a 3 x 3 grid of bleached points that should be evenly distributed and in focus.  Talent saves the calibration.
3.8. Remove the calibration slide and safely store.  Calibration should be performed before beginning each experiment but does not need to be performed between samples [1-MED].
3.8.1. Talent removes the calibration slide and places it into a storage container.
4. Acquire FRET-FRAP Data
4.1. Prepare the microscopy set-up for live cell imaging, preferably with a heated stage and objective as well as CO2 control.  Allow to equilibrate for 20 minutes [1-MED-over the shoulder-TXT].  
4.1.1. Talent sets up the heated stage and CO2 control.  TEXT Overlay: See text for choosing parameters for FRET Imaging
4.2. Now, place one of the generated samples of cells expressing the tension sensor into the microscope holder for imaging [1-CU].  Allow the cells to equilibrate for 10 minutes [2-MED-over the shoulder]. 
4.2.1. Microscope holder as talent places one of the generated samples of cells expressing the tension sensor into the microscope holder. 
4.2.2. Talent starts a timer to count down from 10 minutes.
4.3. To ensure the health of the imaged cells, maintain the temperature at 37 degrees Celsius in the imaging chamber [1-CU].  Use a peristaltic pump to pass humidified 5% CO2 over the sample at 15 milliliters per minute to maintain the pH [2-MED-over the shoulder].  
4.3.1. Heater display/control showing the temperature maintained at 37 degrees Celsius.
4.3.2. Talent uses a peristaltic pump to pass humidified 5% CO2 over the sample at 15 milliliters per minute.
4.4. Open the Multi-Dimensional Acquisition, or MDA, tool and set it up with FRET (Pronounce as one word, rhymes with “met”) imaging parameters, including the different filter sets.  Save this MDA to the experimental folder with the name of MDA (Pronounce M-D-A)_FRET_Date [1-SCREEN].
4.4.1. 58619_Hoffman_SCREEN_4.4.1: Screen capture movie as talent opens the MDA tool and sets up with FRET imaging parameters, including the different filter sets.  Talent saves this MDA to the experimental folder with the name of MDA_FRET_Date.
4.5. Set up another MDA with the FRAP imaging parameters, including the different filter sets, the time-lapse settings, and the journal to pulse the laser after pre-bleach acquisition.  Save this MDA to the experimental folder with the name of MDA_FRAP_Date. [1-SCREEN].
4.5.1. 58619_Hoffman_SCREEN_4.5.1: Screen capture movie as talent sets up another MDA with FRAP imaging parameters, including the different filter sets, the time-lapse settings, and the journal to pulse the laser after pre-bleach acquisition.  Talent saves this MDA to the experimental folder with the name of MDA_FRAP_Date.  
4.6. In the toolbar at the top of the screen, select Journal, Start Recording.  Open the MDA window, load the MDA_FRET_Date state and press Acquire.  Then load the MDA_FRAP_Date state and press Acquire [1-SCREEN].
4.6.1. 58619_Hoffman_SCREEN_4.6.1: Screen capture movie as talent selects Journal | Start Recording.  Talent opens the MDA window, loads the MDA_FRET_Date state and presses Acquire.  Then talent loads the MDA_FRAP_Date state and presses Acquire.
4.7. At the end of the acquisition, in the toolbar at the top of the screen, select Journal, Stop Recording.  Save this journal to the experimental folder with the name of FRETFRAP_Date and add it to a toolbar for easy access.  Close the MDA window [1-SCREEN].
4.7.1. 58619_Hoffman_SCREEN_4.7.1: Screen capture movie as talent selects Journal | Start Recording.  Talent saves this journal to the experimental folder with the name of FRETFRAP_Date and adds it to a toolbar for easy access.  Talent closes the MDA window
4.8. Navigate the sample using the image acquisition under Acquire, Acquire with minimal exposure time and neutral density filter to identify the cells of interest [1-SCREEN].  
4.8.1. 58619_Hoffman_SCREEN_4.8.1: Screen capture movie as talent uses the image acquisition under Acquire | Acquire with minimal exposure time and neutral density filter to identify the cells of interest.
4.9. Set continuous autofocus by navigating to Devices | Focus.  Manually focus on the sample until reaching the correct imaging plane.  Click Set Continuous Focus and wait for the system to adjust [1-SCREEN].  
4.9.1.   58619_Hoffman_SCREEN_4.9.1: Screen capture movie as talent sets continuous autofocus by navigating to Devices | Focus.  Talent manually focuses on the sample until reaching the correct imaging plane.  Then talent clicks Set Continuous Focus and waits for the system to adjust. 
4.10. Once the system adjusts, click Start Continuous Focusing [1-SCREEN].  
4.10.1. 58619_Hoffman_SCREEN_4.10.1: Screen capture movie as talent clicks on Start Continuous Focusing.
4.11. Then, find a cell expressing the tension sensor with clear localization to a structure of interest and snap an image.  Draw a rectangular region of interest, or ROI, to highlight where to bleach.  Store this ROI location [1-SCREEN].
4.11.1. 58619_Hoffman_SCREEN_4.11.1: Screen capture movie as talent clicks Start Continuous Focusing.  Then talent finds a cell expressing the tension sensor with clear localization to a structure of interest and snap an image.  Then, talent draws a rectangular ROI to highlight where to bleach.  Talent stores the ROI location.
4.12. Now, initialize the FRETFRAP_Date journal, which will begin the acquisition of FRET images followed by the initialization of the FRAP time-lapse [1-SCREEN].  
4.12.1. 58619_Hoffman_SCREEN_4.12.1: Screen capture movie as talent initializes the FRETFRAP_Date journal.
4.13. Repeat these steps until 10 to 15 image sets are acquired.  Then analyze the FRET-FRAP data as detailed in the text protocol [1-MED].
4.13.1. Talent works at the microscope, appearing to repeat the image acquisition steps. 
5. Results: Vinculin Force-Sensitive Dynamics at the Focal Adhesion 
5.1. Shown here are representative results for FRET imaging of the vinculin tension sensor [1-LM] following segmentation… [2-LM] and masking to isolate focal adhesions [3-LM].  Spatial variation of vinculin load can be seen across the cell [4-LM].
5.1.1. 58619_Hoffman_Figure2.pdf – Video editors, please remove the A, B, C, and D labels if possible.
5.1.2. 58619_Hoffman_Figure2.pdf – Video editors, please zoom into the top right panel.
5.1.3. 58619_Hoffman_Figure2.pdf – Video editors, staying zoomed in, please pan down diagonally to the bottom, left panel.
5.1.4. 58619_Hoffman_Figure2.pdf – Video editors, staying zoomed in, please pan over to the bottom, right panel.
5.2. FRAP imaging and analysis can be affected by focal adhesion stability [1-LM].  A focal adhesion that is translocating rapidly during the imaging period can be difficult to accurately track [2-LM].  Often this is indicated by a FRAP curve that contains discontinuities and is uninterpretable [3-LM]. 
5.2.1. 58619_Hoffman_Figure3.pdf – Video editors, please remove the A and B labels if possible.
5.2.2. 58619_Hoffman_Figure3.pdf – Video editors, please zoom into the left panel.
5.2.3. 58619_Hoffman_Figure3.pdf – Video editors, staying zoomed in, please slide over to the right panel.
5.3. For wild-type vinculin, there is an inverse correlation between protein load and turnover rate, indicating that vinculin is stabilized by force [1-LM]. 
5.3.1. 58619_Hoffman_Figure4B.pdf – Video editors, if possible please remove the “B” label.
5.4. Introducing a mutation in vinculin to affect its binding to talin results in a reversal of the correlation, indicating that vinculin that is unable to bind talin is destabilized by force [1-LM]. 
5.4.1. 58619_Hoffman_Figure4E.pdf – Video editors, if possible please remove the “E” label.
6. Conclusion (said by authors on camera)

6.1. ISHAAN: While attempting this procedure, it’s important to remember to prepare samples properly, ensure that cells are expressing the sensor at endogenous levels, and choose imaging parameters carefully [1-MED].
6.1.1. Ishaan speaks towards the camera (looking just off-camera), interview style. 
6.2. KATHERYN: Following this procedure, other methods like immunofluorescence, measuring cellular-scale dynamics, or challenging cells with various inhibitors can be performed in order to answer additional questions like how the protein of interest interacts with other sub-cellular components to coordinate response to force [1-MED].
6.2.1. Katheryn speaks towards the camera (looking just off-camera), interview style.
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.  

LAB MEDIA (LM):
5.1 – 58619_Hoffman_Figure2.pdf – figure of FRET segmentation, masking, and averaging
5.2 – 58619_Hoffman_Figure3.pdf – figure of FRAP focal adhesion stability

5.3 – 58619_Hoffman_Figure4B.pdf – figure of FRET-FRAP curve for VinTS

5.4 – 58619_Hoffman_Figure4E.pdf – figure of FRET-FRAP curve for VinTS A50I
SCREEN Capture Movies:
58610_Hoffman_SCREEN_3.2.1: Screen capture movie as talent opens the laser configuration window.  Talent sets Illumination Setting to the appropriate FRAP illumination settings for laser exposure to the sample.  Then talent sets Illumination Setting to the illumination settings appropriate for imaging only the acceptor fluorophore
58610_Hoffman_SCREEN_3.3.1: Screen capture movie as talent selects the objective to calibrate under Coordinate System Setting.  Talent unchecks Manually Click Calibration Points and checks Display images during calibration.  Talent sets the Dwell time to 10000 microseconds and the number of pulses to 100.
58619_Hoffman_SCREEN_3.6.1: Screen capture movie as talent moves the slide to an area with uniform fluorescence across the imaging plane.  Then talent clicks on Create Setting and the software initializes the calibration process.
58619_Hoffman_SCREEN_3.7.1: Screen capture movie as talent displays the final image as a 3 x 3 grid of bleached points that should be evenly distributed and in focus.  Talent saves the calibration.
58619_Hoffman_SCREEN_4.4.1: Screen capture movie as talent opens the MDA tool and sets up with FRET imaging parameters, including the different filter sets.  Talent saves this MDA to the experimental folder with the name of MDA_FRET_Date.
58619_Hoffman_SCREEN_4.5.1: Screen capture movie as talent sets up another MDA with FRAP imaging parameters, including the different filter sets, the time-lapse settings, and the journal to pulse the laser after pre-bleach acquisition.  Talent saves this MDA to the experimental folder with the name of MDA_FRAP_Date.  Talent closes the MDA window.
58619_Hoffman_SCREEN_4.6.1: Screen capture movie as talent selects Journal | Start Recording.  Talent opens the MDA window, loads the MDA_FRET_Date state and presses Acquire.  Then talent loads the MDA_FRAP_Date state and presses Acquire.
58619_Hoffman_SCREEN_4.7.1: Screen capture movie as talent selects Journal | Start Recording.  Talent saves this journal to the experimental folder with the name of FRETFRAP_Date and adds it to a toolbar for easy access.  Talent closes the MDA window
58619_Hoffman_SCREEN_4.8.1: Screen capture movie as talent uses the image acquisition under Acquire | Acquire with minimal exposure time and neutral density filter to identify the cells of interest.
58619_Hoffman_SCREEN_4.9.1: Screen capture movie as talent sets continuous autofocus by navigating to Devices | Focus.  Talent manually focuses on the sample until reaching the correct imaging plane.  Then talent clicks Set Continuous Focus and waits for the system to adjust. 
58619_Hoffman_SCREEN_4.10.1: Screen capture movie as talent clicks on Start Continuous Focusing.
58619_Hoffman_SCREEN_4.11.1: Screen capture movie as talent clicks Start Continuous Focusing.  Then talent finds a cell expressing the tension sensor with clear localization to a structure of interest and snap an image.  Then, talent draws a rectangular ROI to highlight where to bleach.  Talent stores the ROI location.
58619_Hoffman_SCREEN_4.12.1: Screen capture movie as talent initializes the FRETFRAP_Date journal.
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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