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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Narshige MF900
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
3.4., 3.5., 5.3., 5.9., 6.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.8. and 6.5. Procedures used to ensure success are written in those & subsequent steps.
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. Kathryn Svec: There is growing appreciation for the impact of the mechanical microenvironment on cell signaling and migration, necessitating the use of unique, experimental approaches to deliver mechanical stimulation to individual cells [1].

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

1.2. Kathryn Svec: This technique allows the dynamic manipulation of the mechanical microenvironment underneath a cell in real time, allowing the observation of mechanically-regulated changes in cell migration behavior and subcellular signaling events [1].

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

Introduction of Demonstrator (Said by you on camera):

1.3. Kathryn Svec: Demonstrating the procedure with me will be Nyla Naim, a post doc, and Johnathan Patterson, a technician from our laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Section - Protocol
2. [bookmark: _Hlk6366924][bookmark: _Hlk3479232]Glass Coverslip Activation
2.1. Begin by using a corona wand to activate the glass surface of each bottom coverslip for 20 seconds [1] before immediately overlaying 50 microliters of bind silane working solution onto each coverslip [2-TXT].
2.1.1. WIDE: Talent using wand to activate surface
2.1.2. Solution being applied, with mixture container visible in frame TEXT: See text for all solution preparation details
2.2. Allow the solution to dry for 10 minutes [1] before rinsing the coverslips two times with 95% ethanol [2] and two times with isopropanol [3].
2.2.1. Talent setting timer, with container visible in frame
2.2.2. Surface being rinsed with ethanol, with ethanol container label visible in frame
2.2.3. Surface being rinsed with isopropanol, with isopropanol container label visible in frame
2.3. Then allow the coverslips to airdry for approximately 20 minutes [1].
2.3.1. Talent setting timer, with container visible in frame
3. Fluorescent Microbead Deposition and Hydrogel Casting 
3.1. For fluorescent microbead deposition, first sonicate the working microbead solution for 1 hour [1].
3.1.1. WIDE: Talent placing container into water bath
3.2. Fifteen minutes before the end of the sonication, place the activated coverslips vertically in a ceramic coverslip holder [1] and transfer the holder into a tabletop plasma cleaner for room-air plasma treatment for 3 minutes [2].
3.2.1. Talent place coverslips into holder
3.2.2. Talent placing holder into plasma cleaner
3.3. Next, place pieces of paraffin film in 60-millimeter Petri dish lids [1] and place the coverslips onto the films [2], lightly tapping each coverslip to ensure a good contact between the film and coverslip [3].
3.3.1. Talent placing film into lid(s)
3.3.2. Coverslip being placed
3.3.3. Coverslip being tapped
3.4. Then add 150 microliters of the working bead solution to the top of each coverslip [1] and immediately aspirate the ethanol solution from the side of the coverslips, leaving the beads on the coverslip [2-TXT].
3.4.1. Beads being added to coverslip Videographer: Important step
3.4.2. Ethanol being aspirated Videographer: Important step TEXT: Allow coverslips to airdry
3.5. To cast the hydrogels, immediately after their preparation, add a 25 microliter-droplet of hydrogel solution to the activated side of each bottom coverslip [1] and immediately flip the beaded top coverslips bead-side down onto the droplet [2].
3.5.1. Talent adding droplet to coverslip Videographer: Important step
3.5.2. Coverslip being flipped/placed onto droplet Videographer: Important step
3.6. Allow the gels to polymerize for 30 minutes [1] before using forceps to gently remove the coverslips [2-TXT].
3.6.1. Talent setting timer, with coverslips visible in frame
3.6.2. Coverslip being removed TEXT: 50 mM HEPES can facilitate removal
3.7. Then rinse the gels with three, 5-minute washes in fresh 50-millimolar HEPES (hee-pees) per wash [1].
3.7.1. Talent placing coverslip(s) into buffer covering gel in buffer, with buffer container visible in frame


4. Hydrogel Activation and Extracellular Matrix Coating
4.1. To activate the hydrogel surfaces, incubate the gels in fresh 50-millimolar HEPES supplemented with 0.4-millimolar Sulfo-SANPAH (sulfo-san-pah) [1] and immediately expose the gels to an ultraviolet arc lamp in an enclosed area for 90 seconds [2].
4.1.1. WIDE: Talent add HEPES + sulfo-sanpah to gel(s), with HEPES + sulfo-sanpah container visible in frame
4.1.2. Shot of gels, then UV light being turned on over gels
4.2. At the end of the activation, wash the gels with three, 5-minute washes in fresh HEPES [1] and treat the activated hydrogels with 20 micrograms/milliliter of fibronectin for 1 hour at 37 degrees Celsius [2].
4.2.1. Talent add HEPES to gel(s), with HEPES container visible in frame
4.2.2. Fibronectin being added to gel(s), with fibronectin container label visible in frame
4.3. At the end of the incubation, aspirate the excess fibronectin solution [1] and wash the gels three times in PBS for 5 minutes per wash [2].
4.3.1. Fibronectin being aspirated
4.3.2. PBS being added to gel(s), with PBS container label visible in frame
4.4. After the last wash, place the hydrogels in a small volume of PBS [1] and sterilize the gels for 15 minutes under ultraviolet light in a tissue culture hood [2].
4.4.1. Talent placing hydrogel in PBS, with PBS container visible in frame
4.4.2. Talent turning on UV light over gel(s)
4.5. Then wash the gels one time in fresh PBS [1].
4.5.1. Talent placing hydrogel in PBS, with PBS container visible in frame
5. Cell Plating and Micropipette Preparation
5.1. For cell plating, seed 2.1 x 104 of the cells of interest in 3 milliliters of medium per hydrogel [1] and allow the cells to recover at 37 degrees Celsius for 4-18 hours [2].
5.1.1. WIDE: Talent adding cells to dish, with medium container visible in frame
5.1.2. Talent placing plate at 37 °C
5.2. While the cells are equilibrating, use a micropipette puller to pull a 1-millimeter-diameter by 100-millimeter-long borosilicate glass micropipette [1] to obtain a taper of over 2 millimeters that reduces to approximately 50 micrometers in diameter in the first millimeter and extends to a long, parallel 10-micrometer diameter tube in the last millimeter [2].
5.2.1. Talent pulling micropipette
5.2.2. Shot of pulled pipette Video Editor: please emphasize tapers in first millimeter and last millimeter when mentioned
5.3. Next, load the pipette into a microforge [1] and shape the pipette to have a 15-micrometer blunted tip that is enclosed at the very end of a 250-micrometer section [2] bent at an approximately 35-degree angle from the rest of the pipet [3].
5.3.1. Talent loading pipette onto microforge Videographer: Important step
5.3.2. SCOPE: Pipette being shaped Videographer: Important step
5.3.3. SCOPE: Shot of shaped pipette Videographer: Important step
5.4. The approximate diameter at the bend should be around 30 micrometers to lend strength to the tip [1].
5.4.1. Use 5.3.3. Shot of pipette Video Editor: please emphasize bend
5.5. Next, place a hydrogel onto the stage of an inverted microscope [1], cover the medium with mineral oil [5.6.1], and select the 10X objective [2].
5.5.1. Talent placing plate onto stage
5.6.1. Medium being covered.
5.5.2. Talent selecting objective
5.6. [1] Sterilize the prepared micropipette with 70% ethanol [2].
5.6.1. Medium being covered (Move after 5.5.1)
5.6.2. Talent sterilizing pipette
5.7. Insert the pipette into the micropipette sheath with the hook pointed toward the dish [1] and use the coarse manipulator to lower the pipette until the hook just touches the surface of the liquid [2].
5.7.1. Pipette being inserted into sheath
5.7.2. Pipette being lowered
5.8. Focus the microscope on the bead layer at the top of the gel [1] and, taking care that the objective is in no danger of hitting the sample or stage, bring the focus above the gel to find the tip of the micropipette [2].
5.8.1. LAB MEDIA: To be provided by Authors: Bead layer coming into focus
5.8.2. Focus being adjusted Videographer: Difficult step
5.9. Rotate the pipet until the tip is perpendicular to the focal plane so that the blunted tip of micropipette is pointing down [1] and re-focus on the tip of the pipet as necessary [2].
5.9.1. Pipette being rotated Videographer: Important step
5.9.2. LAB MEDIA: To be provided by Authors: Tip being refocused
5.10. Focus back down to the top bead layer of the gel to gauge how far the pipet is from the gel surface [1] and focus back up to a plane that is part way between the gel and the tip of the pipet [2].
5.10.1. LAB MEDIA: To be provided by Authors: Bead layer coming into focus [Shots 5.10.1 and 5.10.2 combined]
5.10.2. LAB MEDIA: To be provided by Authors: Plane part way between gel and tip coming into focus
5.11. Then slowly lower the pipette to reach the intermediate focal plane and increase the magnification to that which will be used in the experiment [1] before lowering the pipette until it hovers just above the surface of the hydrogel [3].
5.11.1. Pipette being lowered
5.11.2. LAB MEDIA: To be provided by Authors: Magnification being increased (Author Comment: Not necessary to show. Magnification is increased in 5.11.3)
5.11.3. LAB MEDIA: To be provided by Authors: Pipette being lowered to just above hydrogel
6. Micromanipulator Calibration and Durotaxis Assay
6.1. For micromanipulator calibration, image an area devoid of cells [1], an area with beads but no manipulation [2], with the pipette engaging the gel [3], and with the engaged pipette pulling the gel [3].
6.1.1. WIDE: Talent at microscope, imaging cell-free region, with monitor visible in frame
6.1.2. LAB MEDIA: To be provided by Authors: Image of bead field w/ no manipulation
6.1.3. LAB MEDIA: To be provided by Authors: Image with pipette engaging gel
6.1.4. LAB MEDIA: To be provided by Authors: Image of pipette pulling gel
6.2. Then use ImageJ to compare the null bead field to the bead field without engagement, the bead field with the gel engaged, and the pulled gel to calculate the relative bead displacements and force applied to the gels [1].
6.2.1. Talent at computer, comparing fields, with monitor visible in frame
6.3. To conduct a durotaxis assay, monitor a group of cells for 30 minutes to identify cells that are moving in a directed manner [1].
6.3.1. Talent at microscope, monitoring cells, with monitor visible in frame
6.4. Select a cell that is steadily moving in one direction and monitor the cells at the desired frame rate for an additional 30 minutes [1].
6.4.1. LAB MEDIA: To be provided by Authors: Shot of cell moving in a single, clear direction
6.5. Next, position the pipette about 50 micrometers in front of the near side of the leading edge of the selected cell [1] and move the micromanipulator such that the gel is deformed orthogonally to the cell’s direction of travel [2].
6.5.1. Pipette being positioned Videographer: Important/difficult step
6.5.2. LAB MEDIA: To be provided by Authors: Gel being deformed
6.6. Then observe the cell over time as it responds to the acute, local gradient of hydrogel stiffness [1].
6.6.1. LAB MEDIA: Figure 5 



[bookmark: _GoBack]Section – Results
7. Results: Representative Durotactic Stimulation Responses and Protein Expression Analyses 

7.1. Using this technique as demonstrated, rat embryonic fibroblasts [1] move toward the increased stiffness in gradients applied by a glass micropipette [2].

7.1.1. LAB MEDIA: Figure 5 -10 and -1 images
7.1.2. LAB MEDIA: Figure 5 -10 and -1 images: JoVE Video Editor please add 0’ and 60’ images

7.2. Rat embryonic fibroblasts cells transiently expressing vinculin tension sensor on 125 kilopascal polyacrylamide gels [1] also demonstrate the formation of focal adhesions in the direction of the stretch over a period of 40 minutes [2].

7.2.1. LAB MEDIA: Figure 6A: JoVE Video Editor please emphasize orange lines in top images
7.2.2. LAB MEDIA: Figure 6A: JoVE Video Editor please emphasize yellow/green lines in top images

7.3. Förster resonance energy transfer analysis reveals that vinculin localized to focal adhesions experiences an immediate change in tension when presented with acute durotactic stimulation [1], expanding the utility of this assay to the observation of subcellular signaling events in response to durotactic stimulation [2].

7.3.1. LAB MEDIA: Figure 6B: JoVE Video Editor please emphasize red line in left image
7.3.2. LAB MEDIA: Figure 6B: JoVE Video Editor please emphasize blue line in left image




Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Kathryn Svec: If you make multiple attempts to stretch a cell, or if the microneedle slips during the assay, start over with a new cell to avoid imparting multiple, variable mechanical stimuli [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Kathryn Svec: Beyond its utility for assaying durotaxis, this technique can be combined with genetic approaches, such as biosensors, RNAi, or gene editing, to help delineate the molecular mechanisms involved in mechanotransduction [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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