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Author Questionnaire:
1. Microscopy: Does your protocol require you to film through a microscope? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2.-2.4., 4.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success
Most of the procedure uses solutions that contain LAP, which is light sensitive, so avoiding direct exposure to light for extended durations is very important. This is particularly important in step 4.1. because too much light will chemically crosslink the fluorophore to the entire hydrogel, making it difficult to identify areas where the fluorophore is meant to be patterned into the gel, effectively ruining the procedure.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

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

1.1. John Slater: Traction force microscopy is used to measure cell-generated forces. This protocol simplifies the collection and analysis of cellular traction data, making traction force microscopy more accessible to inexperienced users [1].

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

1.2. Omar Banda: The main advantage of this technique over existing reference-free traction force microscopy platforms is that multiphoton lithography allows a quick and easy patterning setting redesign according to individual experimental needs [1].

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. Omar Banda: There are many key steps in the fabrication and implementation of this new reference-free traction platform that are easier to understand through visual representation rather than text alone [1].

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


Section - Protocol
2. Base Hydrogel Photopolymerization
2.1. [bookmark: _Hlk14858180]For photopolymerization of the base hydrogel, first add 3 microliters of the pre-polymer solution onto a thin, flat sheet of perfluoroalkoxy alkanes [1] and place flat, 150-micrometer-thick PDMS (P-D-M-S) strips surrounding, but not in contact with, the drop of pre-polymer solution [2-TXT].
2.1.1. WIDE: Talent adding solution onto sheet
2.1.2. Strips being placed around PFA TEXT: PDMS: polydimethylsiloxane
2.2. Place an acrylate-silanized coverslip on the PDMS with the pre-polymer droplet centered under the coverslip to flatten the pre-polymer droplet to the thickness of the PDMS spacers [1] and expose the sandwiched pre-polymer solution to UV light for about one minute [2-TXT].
2.2.1. Coverslip being placed onto PDMS Videographer: Important step
2.2.2. Shot of PDMS set up, then UV light coming on Videographer: Important step TEXT: 14 mW/cm2 of 370-400 nm UV light 
2.3. When a hydrogel is fully formed, carefully separate the coverslip from the PDMS spacers [1] and use high-performance, double-sided acrylic adhesive to attach to an open-bottom Petri dish to the coverslip [2].
2.3.1. Shot of fully formed hydrogel Videographer: Important step
2.3.2. Petri dish could be attached to coverslip, with adhesive container visible in frame Videographer: Important step
2.4. Omar Banda: Take special care when adhering the hydrogel-laden coverslip to the Petri dish. A wet dish or too little pressure during the application will allow leaks to form, ruining the sample [1].

2.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
2.5. Apply pressure to the adhesive contact surface to create a complete seal between the coverslip, adhesive, and Petri dish, taking care not to crack the glass [1], and use sterile, filtered PBS to rinse the hydrogel [2].
2.5.1. Dish being pressed Videographer: Important step
2.5.2. Hydrogel being rinsed Videographer: Important step
2.6. Then add 8 microliters of NVP (N-V-P) to 800 microliters of the LAP (lap) solution prepared for the hydrogel synthesis [1-TXT].
2.6.1. [bookmark: _Hlk14858200]NVP being added to LAP, with NVP and LAP containers visible in frame TEXT: NVP: n-vinyl pyrrolidone; LAP: lithium phenyl-2,4,6-trimethylbenzoylphosphinate
3. Binary Image to Digital Mask Conversion
3.1. [bookmark: _Hlk14858217]To convert a binary image to a digital mask, open Matlab [1-TXT] and open and run the run_script.m Matlab script [2].
3.1.1. WIDE: Talent opening Matlab, with monitor visible in frame TEXT: See text for binary image generation details
3.1.2. SCREEN: screenshot_1: 00:19-00:36
3.2. Select the binary *.tif file for conversion and select a folder to save the regions files [1].
3.2.1. SCREEN: screenshot_1: 00:37-00:54 
3.3. Input the desired final size, in microns, of the selected image. The input image will be scaled and dimensioned to match these parameters [1-TXT].
3.3.1. SCREEN: screenshot_1: 00:58-01:05 TEXT: Total image size ≤ microscope viewfield size
3.4. [bookmark: _Hlk14858229]To create a single pixel array, in the Region of Interest-Generator Options, uncheck the Remove tickbox under Small Regions-Single Pixels, check the Squares tickbox, and uncheck Use under Horizontal Break Lines. Then, click OK [1].
3.4.1. SCREEN: screenshot_1: 01:06-01:13
3.5. The *.ovl file will be found in the previously specified folder. Open the file in the microscope software and load the desired regions that control the laser shutter during two-photon laser scanning lithography [1].
3.5.1. SCREEN: screenshot_1: 01:34-01:53 Video Editor: can speed up
4. Base Hydrogel Soak
4.0 The following steps should be performed in conditions with minimal light.
4.0.1 TEXT: The following steps should be performed in conditions with minimal light. Video editor, the authors added this after the shoot, they would like a disclaimer since the filming is done in normal light but should be with minimal light. If it works with text on screen with VO saying the same, great, or however works best. 
4.1. For fabrication of fiducial marker arrays, under low light conditions, thoroughly mix 200 microliters of the previously-prepared NVP-LAP solution with 20 milligrams of AlexaFluor-633 (six-thirty-three) [1-TXT] and remove all of the PBS from the dish containing the hydrogel [2].
4.1.1. WIDE: Talent mixing NVP-LAP  with AF633, with NVP-LAP and AF633 containers visible in frame TEXT: See text for all solution preparation details
4.1.2. PBS being removed
4.2. [bookmark: _Hlk14858236]Add the PEG (peg)-633 mixture to the hydrogel as a droplet that completely encompasses the base hydrogel [1] and load the Petri dish onto the sample holder of the microscope stage [2].
4.2.1. PEG-633 being added to hydrogel Videographer: Important step
4.2.2. Talent placing dish onto microscope stage Videographer: Important step
4.3. Then cover the dish [1] … and allow the patterning solution to soak into the hydrogel for at least 30 minutes protected from light [2].
4.3.1. Dish being covered
4.3.2. Talent setting timer, with covered dish and microscope visible in frame as possible
5. Microscope Configuration
5.1. [bookmark: _Hlk14858247]To configure the microscope for imaging, select the appropriate lasers and filters for visualizing AlexaFluor 488 [1]. 
5.1.1. WIDE: Talent selecting lasers and/or filters
5.2. Locate the hydrogel using the PEG-488 signal and block the collection of longer emission wavelengths from the detector [1]. 
5.2.1. SCREEN: screenshot_2: 00:00-00:18 Video Editor: can speed up
5.3. Use vertical and horizontal tile scans to locate the center of the hydrogel in the XY plane [1] and zero the stage in this position [2].
5.3.1. SCREEN: screenshot_2: 00:23-00:42 Video Editor: can speed up
5.3.2. SCREEN: screenshot_2: 01:19-01:38
5.4. Use line scans and the z-stack function to locate the surface of the hydrogel and zero the focus in this position [1].
5.4.1. SCREEN: screenshot_3: 00:09-00:19 
5.5. Level the hydrogel by repeating the line scans away from the XY center to identify the surface position [1], adjusting the set screws for the microscope stage as necessary [2].
5.5.1. SCREEN: screenshot_3: 00:29-00:43
5.5.2. Screws being adjusted
5.6. Within the microscope software workspace, create a separate experiment file for photopatterning and set the multiphoton power to 1.8% and the scanning speed to 6 [1].
5.6.1. SCREEN: screenshot_4: 00:08-00:28 Video Editor: can speed up
5.7. Adjust the size of the image frame in pixels to achieve a pixel size of 0.1 micrometer per pixel and an aspect ratio of 100:1 [1] and load the regions file into the regions tab [2].
5.7.1. SCREEN: screenshot_4: 00:29-00:36
5.7.2. SCREEN: screenshot_4: 00:52-01:02
5.8. Use a macro to set all of the regions to acquire and turn on the z-stack function [1].
5.8.1. SCREEN: screenshot_4: 01:05-01:12
5.9. Set the spacing to 3.5 micrometers for a total depth of 28 micrometers and total number of z-slices of 9 [1].
5.9.1. SCREEN: screenshot_4: 01:15-01:20
5.10. [bookmark: _Hlk14858255]Then use the positions function to set specific locations on the hydrogel where the fiducial marker arrays will be photopatterned [1].
5.10.1. SCREEN: screenshot_4: 01:21-01:42
6. Fiducial Marker Array Photopatterning
6.1. As the soak time approaches the 30-minute mark, acquire successive z-stack line scans [1] of the surface of the hydrogel every 5 minutes to check for swelling based on changes in the location of the surface relative to the zeroed focus position [2].
6.1.1. WIDE: Talent initiating scan, with monitor visible in frame
6.1.2. SCREEN: screenshot_5: 00:00-00:24 Video Editor: can speed up
6.2. If no change in the surface position has occurred over the 5-minute interval, run the patterning settings [1] and use the 488-nanometer laser to verify that the surface of the hydrogel did not move during the patterning [2].
6.2.1. SCREEN: screenshot_6: 00:17-00:30
6.2.2. SCREEN: screenshot_7: 00:08-00:28 Video Editor: can speed up
6.3. [bookmark: _Hlk14858262][bookmark: _GoBack]Then remove the hydrogel from the microscope [1] and aspirate the PEG-633 solution from the Petri dish [2] and rinse the dish with sterile-filtered PBS. [3]
6.3.1. Talent removing dish
6.3.2. PEG-633 being aspirated
6.3.3. Added shot: Hydrogel being rinsed with sterile-filtered PBS
7. Fiducial Marker and Cell Imaging
7.1. To acquire cell and fiducial marker images, return the Petri dish to the sample holder to locate the patterned areas [1-TXT].
7.1.1. WIDE: Talent placing dish onto sample holder TEXT: Continue with normal light conditions from this step.
7.2. [bookmark: _Hlk14858309]Locate a cell of interest and acquire a transmitted or fluorescent image of the cell [1].
7.2.1. SCREEN: screenshot_8: 00:00-00:07
7.3. Then acquire a z-stack of the patterned array beneath the cell as demonstrated [1] and acquire a second set of transmitted or fluorescent images of the cell [2].
7.3.1. SCREEN: screenshot_8: 00:14-00:32 Video Editor: can speed up
7.3.2. SCREEN: screenshot_8: 00:42-00:53


Section – Results
8. Results: Representative Reference-Free Traction Force Microscopy 

8.1. When collecting an image stack, the resulting images should display a regular array of patterned features [1] that oscillate in intensity as a function of the z-position within the image stack [2].

8.1.1. LAB MEDIA: Figure 1A
8.1.2. LAB MEDIA: Figure 1B and 1C

8.2. The tracking.m script provides several diagnostic images, including a z-projection of the fluorescent fiducial markers to assess the pre-processing quality [1], a plot of the detected centroids color-coded as a function of the z-position to assess the object detection quality [2], and a plot of the tracks representing the detected marker centroids that have been linked into columns in the z-direction to assess the object tracking quality [3].

8.2.1. LAB MEDIA: Figure 2A
8.2.2. LAB MEDIA: Figure 2B
8.2.3. LAB MEDIA: Figure 2C 

8.3. The disp3D.m script provides a plot of intensity as a function of the z-position for each column of detected features in a given image stack to assess the quality of the fiducial marker intensity profiles [1].

8.3.1. LAB MEDIA: Figure 3: JoVE Video Editor sequentially add “Good” Result and “Poor” Result texts above each graph

8.4. Both disp3D.m and dispShear.m together provide histograms of the measured displacement noise in each of the Cartesian coordinate dimensions [1] as well as interpolated heat maps of displacement [2].

8.4.1. LAB MEDIA: Figures 4A, 4B, and 4C: JoVE Video Editor please sequentially emphasize data bar curves in each graph
8.4.2. LAB MEDIA: Figures 4D, 4E, and 4F: JoVE Video Editor please sequentially emphasize images/maps

8.5. In addition, the interpFinal3D_2.m provides heat maps of the surface tractions calculated using the outsourced code [1].

8.5.1. LAB MEDIA: Figure 5






Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. Omar Banda: The most important thing to remember during this procedure is that solutions containing LAP are sensitive to light and should be protected as much as possible from ambient light sources [1].
9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
9.2. Omar Banda: Remember that NVP is a volatile organic compound and should always be handled in a chemical flow hood [1].
9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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