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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? Yes  
If Yes, can you record movies/images using your own microscope camera?
Yes , Nikon Eclipse Ti2 inverted microscope

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? No

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? All rooms are located on the same floor (level), less than a minute apart.



Current Protocol Length

Number of Steps:  22
Number of Shots:  55 

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Alexa Mattheyses: This protocol is significant due to the simplicity of TGT sensor platform employed to study EGFR-integrin crosstalk in isolation from other membrane receptors and its influence on cell mechanical forces. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

1.2. Tejeshwar Rao: Though outlined to investigate EGF-dependent regulation of cell mechanics, the protocol is adaptable for different ligands, cell types, stimulation paradigms and can be coupled with TGTs of varying tension thresholds.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

OPTIONAL:  
1.3. Tejeshwar Rao: Surface synthesis may seem intimidating at first. The key is to be prepared and organized to precisely execute the intricate steps by employing a checklist for reagent preparation and calculations. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.11.3. or 2.11.4.


1.4. 

Protocol
2. Surface Preparation
2.1. On Day 1, place up to 8, 25-millimeter glass coverslips into a polytetrafluoroethylene rack [1]. Place the rack in a 50-milliliter borosilicate beaker containing 40 milliliters of 200 proof ethanol [2-TXT]. 
2.1.1. Talent placing glass coverslips on rack
2.1.2. Talent placing the rack in the beaker. TXT: Cover the beaker with paraffin film
2.2. Sonicate at an operating frequency of 35 kiloHertz for 10 to 15 minutes at room temperature [1]. Fill a 50-milliliter beaker with 40 milliliters of Piranha solution freshly prepared by mixing sulfuric acid and hydrogen peroxide in a 3 to 1 ratio in a pyrex beaker and stirring with a glass pipette [2]. 
2.2.1. Talent sonicating at RT
2.2.2. Talent filling a beaker with Piranha solution
2.3. Transfer the coverslip rack into the beaker [1] and incubate for 30 minutes at room temperature in the fume hood to etch the coverslip surface [2]. After etching, transfer the coverslip rack to a beaker with ultrapure water with tweezers [3-TXT]. 
2.3.1. Talent transferring the coverslip rack into the beaker
2.3.2. Talent placing the beaker in the fume hood
2.3.3. Talent transferring the coverslip rack to a beaker with water with tweezers. TXT: Repeat this step 6 X at 15 s intervals
2.4. Visually inspect the coverslips to ensure the surfaces look clean with no patterns or dust particles on the glass surface [1-TXT]. Transfer the coverslip rack to a beaker with 200 proof ethanol and wash twice for 15 seconds to equilibrate surfaces to organic solvent [2]. 
2.4.1. Talent inspecting the coverslips. TXT: Repeat cleaning if patterns or dust are detected
2.4.2. Talent washing the coverslip rack in a beaker with 200 proof ethanol
2.5. Transfer the coverslip rack into 200 proof ethanol solution with 3 percent APTES for 1 hour at room temperature to silanize the coverslips [1-TXT]. Immerse the rack in a clean beaker with 200 proof ethanol solution [2-TXT]. 
2.5.1. Talent transferring the coverslip rack into 200 proof ethanol with 3 percent APTES. TXT: Cover the beaker with paraffin film
2.5.2. Talent immersing the rack in a clean beaker with 200 proof ethanol solution. TXT: Repeat this wash 3X for 15 s each
2.6. Dry the coverslips using nitrogen gas with low exit pressure [1]. Place the coverslips into a 10-centimeter polystyrene dish with a piece of paraffin film laid flat inside it [2-TXT]. 
2.6.1. Talent drying the coverslips using nitrogen gas
2.6.2. Talent placing the coverslips into a 10 cm dish with parafilm laid flat inside it. TXT: Ensure the coverslips are dry and separated
2.7. Add 100 microliters of 2 milligrams per milliliter NHS-biotin solution in DMSO to four coverslips placed on paraffin film [1]. Set a “sandwich” with the other four coverslips on top with two coverslips facing toward each other with the functionalization solution in between [2-TXT]. 
2.7.1. Talent adding NHS-biotin solution to coverslips
2.7.2. Talent setting a sandwich with coverslips. TXT: Incubate the dish overnight at 4 °C
2.8. On Day 2, remove the dish from 4 degrees Celsius and separate the sandwiched coverslips. Avoid scratching or damaging the functionalized surface while separating the sandwich. [1]. Then, orient the slips in the rack with the coated surface facing each other [2-TXT]. Dry with nitrogen gas [3]. 
2.8.1. Talent separating the sandwiched coverslips.
2.8.2. Talent orienting the slips in the rack with the coated surface facing each other. TXT: Wash with 200 proof ethanol solution 3X for 15 s each
2.8.3. Talent drying the coverslips with nitrogen gas
2.9. Place the coverslips in a new dish with a paraffin film inside it [1-TXT]. Add 800 microliters of 0.1 percent bovine serum albumin in 1x PBS to each coverslip [2].
2.9.1. Talent placing the coverslips in a new dish. TXT: Wash the coverslips 3X with 1 mL, 1x PBS 
2.9.2. Talent adding BSA to coverslips
2.10. Incubate the coverslips at room temperature for 30 minutes to passivate the surface and block non-specific binding of subsequent functionalization reagents [1-TXT]. To functionalize the coverslips, add 800 microliters of 1 microgram per milliliter of streptavidin in 1x PBS at room temperature for 45 to 60 minutes [2]. 
2.10.1. Shot of the coverslips at room temperature. TXT: Wash the coverslips 3 X with 1 mL of 1x PBS
2.10.2. Talent adding streptavidin at room temperature
2.11. Assemble the TGT probes in a PCR tube using a thermocycler [1-TXT]. After incubation, wash the coverslips three times with 1x PBS [2]. Add 100 microliters of the pre-assembled TGT probes to four coverslips [3] and make sandwiches using the remaining 4 coverslips with the functionalized side facing the probes [4-TXT]. Videographer: This step is important!
2.11.1. Talent assembling the TGT probes in a thermocycler TXT: Refer to the manuscript for program details.
2.11.2.  Talent washing the coverslips
2.11.3. Talent adding pre-assembled TGT probes to four of the coverslips
2.11.4. Talent making sandwiches with the remaining 4 coverslips. TXT: Eight surfaces require four tubes of hybridized TGT probes
2.12. Cover with aluminum foil [1-TXT]. After incubation, separate the sandwiches [2] and wash the coverslips with 1x PBS three times [3]. Carefully assemble the coverslips into precleaned imaging chambers [4-TXT]. Videographer: This step is important!
2.12.1. Talent covering the coverslips with aluminum foil. TXT: Incubate for 1 h at RT
2.12.2. Talent separating the sandwiches
2.12.3. Talent washing the coverslips
2.12.4. Talent assembling the coverslips into precleaned imaging chambers. TXT: Add 1x PBS to keep the surfaces hydrated

3. Cell Preparation and Staining
3.1. [bookmark: _Hlk92637492]To investigate the effect of the epidermal growth factor stimulation on Cos-7 mechanics, adhesion, and cell spreading, trypsinize Cos-7 cells with 0.05 percent Trypsin-EDTA for 2 minutes [1]. Neutralize the trypsin by washing with HBSS [2] and centrifuging at 800 x g for 5 minutes [3-TXT]. 
3.1.1. Talent trypsinizing Cos-7 cells with 0.05% Trypsin EDTA
3.1.2. Talent washing the cells with HBSS
3.1.3. Talent centrifuging the cells. TXT: Repeat the neutralization step once more
3.2. Plate cells at a density of forty thousand cells on the assembled TGT surfaces in DMEM supplemented with 50 nanograms per milliliter EGF or DMEM without EGF [1-TXT]. Following incubation, wash the cells three times with 1x PBS [2]. Videographer: This step is important!
3.2.1. Talent plating the cells. TXT: Incubate for 60 min at 37◦C with 5 % CO2   
3.2.2. Talent washing the cells with PBS
3.3. Fix with 2 milliliters of 4 percent paraformaldehyde for 12 minutes at room temperature [1-TXT]. Wash the coverslips five times with 1x PBS at 5-minute intervals at room temperature. [2]. Optionally, incubate the coverslips with 50 millimolar ammonium chloride in 1x PBS for 30 minutes at 37 degrees Celsius [3-TXT]
3.3.1. Talent fixing the cells with PFA TXT: Aspirate the fixative
3.3.2. Talent washing the coverslips
3.3.3. Talent incubating the coverslips in ammonium chloride. TXT: wash 3X with 1X PBS, 5 min interval 
3.4. Add Buffer A [1-TXT] and incubate for 30 minutes at 37 degrees Celsius to block and permeabilize the cells [2-TXT]. Place the imaging chambers with coverslips in a humidity container [3]. 
3.4.1. Talent adding Buffer A. TXT: Refer to the manuscript for buffer recipe
3.4.2. Talent placing the coverslips in the incubator. TXT: Wash 3X with 1x PBS at 5-min intervals
3.4.3. Talent placing the imaging chambers in the humidity container	Comment by Rao, Tejeshwar C: This step should precede the previous step
3.5. Dilute the primary anti-paxillin antibody at 1 to 250 dilutions in blocking buffer [1]. Incubate with 200 microliters of primary antibody solution per coverslip for 2 hours at 37 degrees Celsius [2-TXT]. Videographer: This step is important!
3.5.1. Talent diluting the primary antibody
3.5.2. Talent incubating the coverslips in primary antibody TXT: Wash the coverslips 5X with 1x PBS at 5-min intervals, return them to the humidity container 
3.6. Label cells simultaneously with a mixture of dye conjugated goat anti-rabbit secondary antibody at 1 to 800 dilution and dye conjugated phalloidin at 1 to 400 dilutions in 200 of blocking buffer per coverslip [1-TXT]. Wash the surfaces five times with 1x PBS at 5-minute intervals [2-TXT]. 
3.6.1. Talent labeling the coverslips TXT: Incubate at 37◦C for 60 min
3.6.2. Talent washing the coverslips. TXT: Store at 4◦C until ready for imaging

4. Image Acquisition
4.1. To begin, add oil to the objective [1-TXT], clean the coverslip bottom of the sample chamber, and place the sample on the stage [2]. Focus on a cell and engage the perfect focus [3-TXT]. 
4.1.1. Talent adding oil to the objective TXT: Refer to the manuscript for specifications and settings
4.1.2. Talent cleaning the coverslip bottom of the sample chamber
4.1.3. Talent focusing on the cell. TXT: RICM imaging mode, epifluorescence excitation, GFP filter cube with the emission filter removed
4.2. Align the RICM by closing and centering the epi-illumination aperture diaphragm [1-TXT]. Focus the 488-nanometer laser to a small spot on the ceiling of the room and increase the angle of incidence until past the critical angle while monitoring fluorescence on the camera in live mode [2]. 
4.2.1. Talent aligning the RICM. TXT: TIRF mode, laser excitation, and a quad-pass TIRF filter cube
4.2.2. WIDE: Talent focusing the laser to a small spot on the ceiling of the room
4.3. Observe a sharp reduction in background fluorescence and a single in-focus plane when the critical angle is surpassed [1]. Identify cells for imaging using the “live” mode of the camera using RICM [2]. 
4.3.1. SCOPE/SCREEN: to be uploaded by the authors: Reduction in the background and single in-focus plane
4.3.2. SCOPE/SCREEN: to be uploaded by the authors: cells on the LIVE mode of the camera
4.4. Acquire the RICM and TIRF images of actin at 640488-nanometer extinction, integrin tension at 561-nanometer extinction, and paxillin at 488647-nanometer extinction [1]. Obtain images sequentially using an exposure time of 200 milliseconds [2-TXT]. Change coverslips, focus, and repeat [3]. Videographer: This step is important!
4.4.1. SCOPE/SCREEN: to be uploaded by the authors: RICM and TIRF images of actin, integrin, and paxillin
4.4.2. [bookmark: _Hlk101867215]SCOPE/SCREEN: to be uploaded by the authors: Sequential imaging with an exposure time of 200 ms TXT: Repeat for at least 30 cells
4.4.3. SCOPE/SCREEN: to be uploaded by the authors: Talent changing coverslips	Comment by Rao, Tejeshwar C: This step involves changing of the coverslip chamber placed on the objective. This cannot be recorded by the software.




















Results
5. Results: Effect of Ligand-activated EGFR on Integrin-mediated Cell Mechanics and Adhesion Formation in Cos-7 Cells 
5.1. Cos-7 cells were plated on this TGT surface with [1] or without EGF stimulation [2] to study the impact of EGFR activation with ligand stimulation on integrin mechanics [3]. If an integrin binds the ligand and applies a force larger than the T total of the probe, the DNA duplex will separate, leading to fluorescence [4]. 
5.1.1. LAB MEDIA: Figure 5 Video Editor emphasize +EGF in Figure 5A (inset) and 5B
5.1.2. LAB MEDIA: Figure 5 Video Editor emphasize -EGF in Figure 5A (inset) and 5B
5.1.3. LAB MEDIA: Figure 5 
5.1.4. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5A (inset) yellow circular spot 
5.2. Any TGT probe that a mechanical force has not ruptured will remain non-fluorescent [1]. The cells were incubated with or without EGF on the TGT surfaces for 60 minutes, fixed, and immuno-stained to display the focal adhesion distribution [2] and the organization of the cytoskeleton [3].
5.2.1. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5A (inset) yellow circular spot 
5.2.2. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5B, paxillin
5.2.3. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5B, F-actin
5.3. In the RICM image, Cos-7 cell spreading on the 56 pico newton TGT surface was significantly enhanced with EGF stimulation [1] compared to without stimulation [2]. Stimulation with EGF resulted in a more circular morphology, representing Cos-7 cells spreading and growing [3].
5.3.1. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5C, Green spots 
5.3.2. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5C, Blue spots 
5.3.3. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5D
5.4. The fluorescence from open probes is also higher with EGF stimulation, as observed in the tension fluorescence image [1]. The integrated intensity of open probes, proportional to the number of open probes, was much higher with EGF stimulation than without stimulation [2]. 
5.4.1. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5B, Tension
5.4.2. LAB MEDIA: Figure 5 Video Editor emphasize Figure 5E



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Alexa Mattheyses: Always remember the orientation of the coverslips keeping the functionalized surface facing upwards. When separating the sandwich be gentle so the functionalized surface is not scratched or damaged. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.8.1. or 2.8.2.


6.2. Dr. Tejeshwar Rao: Following surface synthesis, one can probe for cytoplasmic proteins regulating cell adhesion or mechanotransduction. This allows identification of downstream signaling molecules involved in orchestrating cell mechanics at the plasma membrane.  
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.1., 3.2.1. or 3.2.2.
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