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Author Questionnaire:

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

2. Does your protocol include software usage? (Y/N) N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.)
3.3., 3.4., 4.3., 4.4., 4.5., and 4.7..

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.)
4.3.: The PDMS stencil can easily be detached away from the polyacrylamide gel surface when removing bubbles. At step 4.2., it needs to optimize the condition of moisture removal of the polyacrylamide gel surface to ensure that the PDMS stencil does not slip.
4.7.: After fixing the chip to the custom holder, the liquid may not only be able to go into the device but also create bubbles when filling it with the media. When placing the assembly in the custom glass holder, you should be cautious not to hold it too tightly or disproportionately.

5. Will the filming need to take place in multiple locations? (Y/N) N
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. Yongdoo Park: Collective cell migration is often guided by the gradients of signaling molecules. In this video, we describe how to quantify cellular forces during collective migration guided by biochemical gradient [1].

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

1.2. Yongdoo Park: We integrated a microfluidic chip with traction microscopy. Then, we used the microfluidic chip to generate a biochemical gradient and used the traction microscopy to measure cellular force [1].

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

Introduction of Demonstrator: (Said by you on camera)

1.3. Yongdoo Park: Dr. Hwanseok Jang, a postdoc in my laboratory, will demonstrate the procedure [1]/[2].

1.3.1. Interview style: Author saying the above
1.3.2. Hwanseok Jang looks up from workbench or desk or microscope and acknowledges the camera.

Section - Protocol
2. Fabrication of Polydimethylsiloxane (PDMS) Stencil and Microchannel
2.1. Prepare the PDMS solution by mixing the base elastomer and curing agent at a ratio of 10 to 1. Place 15 milliliters of the base elastomer in a 50 milliliter conical tube and add 1.5 milliliter of curing agent. Prepare two of these tubes [2].
2.1.1. Talent mixes the base elastomer and curing agent at a ratio of 10 to 1. Author NOTE: Same as 2.1.2.
2.1.2. 2, 50 mL conical tubes with base elastomer as talent adds 1.5 mL of curing agent.
2.2. [bookmark: _Hlk13680209]Vortex the PDMS mixture for 5 minutes before centrifuging at 196 x g for 1 minute to remove bubbles [1].
2.2.1. PDMS mixture as talent vortexes it.
2.3. To fabricate the PDMS stencil, pour approximately 1 milliliter of the PDMS mixture on the wafer, while avoiding SU-8 (S-U-eight) patterned regions so that the PDMS touches the side of the SU-8 pillars but not the top of the SU-8 pattern [1-TXT].
2.3.1. ECU: Wafer as talent pours the PDMS mixture there. TEXT: See text for SU-8 molds
2.4. Place the wafer on a flat surface for over 30 minutes at room temperature [1]. Then, cure the PDMS in a dry oven at 80 degrees Celsius for over 2 hours [2].
2.4.1. Talent places the wafer on a flat surface.
2.4.2. Wafer as talent places it into a dry oven.
2.5. Carefully peel off the PDMS from SU-8 mold [1]. Trim the thin PDMS membrane using a 14 millimeter hollow punch [2]. Remove the dust on the surface of the PDMS pieces using sticky tape before autoclaving the PDMS stencils [3].
2.5.1. PDMS as talent peels it from the SU-mold
2.5.2. PDMS membrane as talent trims the thin PDMS membrane using a 14 mm hollow punch.
2.5.3. Talent uses sticky tape to remove the dust from the surface of the PDMS pieces.
2.6. [bookmark: _Hlk13608440]To fabricate PDMS microchannel, pour approximately 30 milliliters of PDMS mixture over the SU-8 mold [1]. Degas for 30 minutes in a vacuum chamber and then cure the PDMS in a dry oven at 80 degrees Celsius for over 2 hours [2].
2.6.1. SU-8 mold as talent pours 30 mL of the PDMS mixture there.
2.6.2. Talent attaches the vacuum to the mixture.
2.7. Carefully peel off the PDMS from SU-8 mold and cut the PDMS to a size of 24 millimeters by 24 millimeters [1]. In each PDMS block, create one outlet and three inlets using a 1 millimeter biopsy punch [2].
2.7.1. PDMS as talent cuts it to 24 mm by 24 mm.
2.7.2. PDMS block as talent uses the biopsy punch to create inlets and outlet.
3. Preparation of Bottom Glass with Polyacrylamide (PA) Gel
3.1. Manufacture and silanize glass slides as described in the text protocol. Cover the etched surface of the bottom glass with 100 microliters of the bind silane solution [1]. 
3.1.1. Slides as talent covers the etched surface with 100 microliters of the bind silane solution.
3.2. After leaving the glass at room temperature for 1 hour, rinse the glass three times with deionized water [1]. Then, let the glass dry at ambient air temperature or by blowing compressed air [2].
3.2.1. Talent rinses the glass with deionized water.
3.2.2. Talent blows air over the glass.
3.3. Prepare the polyacrylamide gel solution as described in the text protocol [1]. Then, transfer 10 microliters of mixed gel solution onto the rectangular micro-well, and place a circular coverslip on top [2].
3.3.1. Talent prepares the polyacrylamide gel solution.
3.3.2. Micro-well as talent adds 10 microliters of the solution and covers with a coverslip. Videographer, the authors consider this point important for visualization.
3.4. [bookmark: _Hlk13680505]Fix the assembly of custom glass, gel solution, and coverslip on the cover of a 6-well plate with sticky tape and flip it [1]. Then, centrifuge for 10 minutes at 96 x g to bring fluorescent particles to the top layer of the polyacrylamide gel [2].
3.4.1. Assembly as talent fixes it on the 6-well plate cover with sticky tapes and flips it. Videographer, the authors consider this point important for visualization.
3.4.2. Talent places the assembly into the centrifuge. Videographer, the authors consider this point important for visualization.
3.5. Remove the assembly from the centrifuge and place it on a flat surface with the coverslip facing down [1].
3.5.1. Talent removes the assembly from the centrifuge and places it on the flat surface with the coverslip facing down.
3.6. After 30 minutes, flip the assembly and place it in a 35 millimeter Petri dish [1]. Fill the dish 2 milliliters of deionized water [2]. Using forceps, gently remove the coverslip by sliding it to one side [3].
3.6.1. Petri dish as talent flips the assembly and places it there.
3.6.2. Talent fills Petri dish with 2 mL of deionized water.
3.6.3. ECU: Coverslip as talent uses forceps to gently remove it.
3.7. To coat collagen on the polyacrylamide gel, dissolve 1 milligram per milliliter sulfo-SANPAH (sul-fo-san-fah) in warm 50 milliMolar HEPES (he-pees) buffer [1-TXT]. Drop 200 microliters of the solution onto the gel surface and activate by UV light for 10 minutes [2]. 
3.7.1. Talent dissolves 1 mg/mL of sulfo-SANPAH in warm HEPES buffer. TEXT: sulfo-SANPAH = sulfosuccinimidyl 6-(4’-azido-2’-nitrophenylamino) hexanoate
3.7.2. Gel surface as talent drops 200 microliters of the sulfo-SANPAH solution there.
3.8. Following UV activation, rinse the gel two times with 0.1 Molar HEPES buffer, and then once with PBS [1].
3.8.1. Talent rinses the gel.
3.9. Coat the polyacrylamide gel with collagen solution at 4 degrees Celsius overnight [1-TXT]. On the following day, wash the gel three times with PBS [2].
3.9.1. Talent places the gel in collagen solution into the refrigerator. TEXT: 100 μg/mL rat tail collagen type I in PBS
3.9.2. Talent washes the gel with PBS.
4. Micropatterning of Cell Islands and Assembly of PA Gel with PDMS Microchannel
4.1. Immerse the autoclaved PDMS stencil in F-127 (F-one-two-seven) solution. Keep it in a 37 degree Celsius incubator for 1 hour [1-TXT].
4.1.1. Talent places the F-127 solution holding the autoclaved PDMS stencil into the incubator. TEXT: See text for F-127 solution
4.2. [bookmark: _Hlk13680616]Wash the PDMS stencil with PBS three times and remove liquid from both the PDMS stencil and polyacrylamide gel [1]. Then, place the PDMS stencil on the polyacrylamide gel and add PBS to the stencil [2].
4.2.1. Talent works to removes liquid after washing.
4.2.2. ECU: Gel as talent places the stencil there and adds PBS.
4.3. Remove bubbles in the holes of the PDMS stencil by pipetting gently [1]. After removing bubbles, clear the PBS from the surface of the PDMS stencil [2].
4.3.1. PDMS stencil as talent removes the bubbles in the holes. Videographer and video editor, the authors consider this point important for visualization and a critical step.
4.3.2. Talent removes the PBS from the surface of the stencil. Videographer and video editor, the authors consider this point important for visualization and a critical step.
4.4. Now add 200 microliters of the cell solution onto PDMS stencil and place the gel in an incubator for 1 hour so that cells attach to the polyacrylamide gel [1-TXT]. 
4.4.1. PDMS stencil as talent adds 200 microliters of cell solution. Videographer, the authors consider this point important for visualization. TEXT: See text for preparation of cell solution
4.5. Following incubation, gently wash off the cell solution with cell culture media, remove the PDMS stencil, and add more cell culture media [1]. Check the formation of cell islands under a microscope [2].
4.5.1. Talent washes off the cell solution, removes the PDMS stencil and adds more cell culture media. Videographer, the authors consider this point important for visualization.
4.5.2. Talent checks the formation of cell islands under a microscope. Videographer, the authors consider this point important for visualization.
4.6. Next, treat the surface of the PDMS microchannel with oxygen plasma for 30 seconds [1-TXT].
4.6.1. Talent treat the surface of the PDMS microchannel with oxygen plasma. TEXT: 80 W, 50 kHz
4.7. After removing any fluid on the polyacrylamide gel-filled bottom glass, place the PDMS microchannel on top of the bottom glass and put the assembly on the custom glass holder [1]. Fill the microchannel with cell culture medium [2].
4.7.1. Talent places the PDMS microchannel on top of the bottom glass and places the assembly in the custom glass holder. Videographer and video editor, the authors consider this point important for visualization and a critical step.
4.7.2. Microchannel as talent fills it with cell culture medium. Videographer and video editor, the authors consider this point important for visualization and a critical step.
5. Integrated Microfluidic System
5.1. To prepare the inlet tubing of the integrated microfluidic system, connect a trimmed needle and a 30 centimeter mini-volume line with a three-way stopcock. Prepare three of these arrangements [1].
5.1.1. Talent connects the trimmed needle and a 30 cm mini-volume line with a three-way stopcock.
5.2. For outlet tubing, connect a trimmed needle and a 75 centimeter mini-volume line with a three-way stopcock [1]. Fill the tubing lines with the medium that has been preheated for 1 hour [2]. 
5.2.1. Talent connects the trimmed needle and a 75 cm mini-volume line with a three-way stopcock.
5.2.2. Talent fills the tubing lines with the preheated medium.
5.3. Prepare reservoirs by removing plungers from syringes and connecting inlet tubing lines [1]. Plug the needle connectors of each tubing line into the three inlets and one outlet of the microfluidic device [2].
5.3.1. Talent removes plungers from syringes and connects inlet tubing lines.
5.3.2. Microfluidic device as talent plugs the needle connectors of each tubing line in.
5.4. [bookmark: _Hlk10822054]Fill each reservoir with 3 milliliters of fresh medium or conditioned medium [1]. For the gradient test, fill the left inlet reservoir with 20 nanograms per milliliter hepatocyte growth factor, or HGF, in the cell culture medium [2].
5.4.1. Device as talent fills the reservoirs with 3 mL of medium each.
5.4.2. ECU: Left inlet reservoir as talent fills with HGF in cell culture medium.
5.5. For visualization of the concentration gradient, add 200 micrograms per milliliter of fluorescent dye to the left inlet reservoir [1-TXT]. Connect the outlet tubing line to a syringe pump [2].
5.5.1. Talent adds 200 micrograms per milliliter fluorescent dye to the left inlet reservoir. TEXT: Rhodamine B-dextran, 70 kDa
5.5.2. Talent connects the outlet tubing line to a syringe pump.
5.6. Place the integrated microfluidic system on the stage of a conventional epifluorescent microscope [1].
5.6.1. Talent places the integrated microfluidic system on the stage of a conventional epifluorescent microscope.
6. [bookmark: _Hlk13680907]Image Acquisition
6.1. Take images every 10 minutes for up to 24 hours using an automated microscope housed in an incubator [1]. 
6.1.1. Talent sets up the automated microscope to take images every 10 minutes.
6.2. At each timepoint, take a set of images using a 4x objective lens in three different channels [1], including a phase image to visualize cell migration [2], a green fluorescent image to visualize fluorescent beads embedded in the gel [3], and a red fluorescent image to visualize the concentration gradient of a chemical [4].  
6.2.1. 60415_screenshot_1.MP4 - Video editors, please show 00:00 – 00:02. Freeze frame if necessary to cover narration.
6.2.2. 60415_screenshot_1.MP4 - Video editors, please show 00:02 – 00:04. Freeze frame if necessary to cover narration. 
6.2.3. 60415_screenshot_1.MP4 - Video editors, please show 00:04 – 00:07. Freeze frame if necessary to cover narration.
6.2.4. [bookmark: _GoBack]60415_screenshot_1.MP4 - Video editors, please show 00:08 – 00:09. Freeze frame if necessary to cover narration.
6.3. After taking time-lapse images, infuse 0.25% trypsin-EDTA solution into microchannels to detach cells from the polyacrylamide gel [1]. 
6.3.1. Talent infuses 0.25% trypsin-EDTA solution into microchannels to detach cells from the polyacrylamide gel.
6.4. Upon completely removing cells from the gel, take a green fluorescent image to be used as a reference image for traction microscopy [1]. Proceed to data analysis as described in the text protocol [2].
6.4.1. MED-over the shoulder: Talent takes a green fluorescent image.
6.4.2. WIDE: Talent working at analysis computer.

Section – Results
7. Results: Mechanical Interactions of MDCK Cell Islands
7.1. To measure contractile force and intercellular stress, traction microscopy and monolayer stress microscopy were combined with the microfluidic channel [1].
7.1.1. Figure5-1.ai 
7.2. The maps were plotted in radial coordination, with outward traction using warm color and inward traction using cold color [1]. 
7.2.1. Figure5-1AC.ai Video editors, please emphasize the color chart on the right of the figure.
7.3. At time zero, all islands showed similar traction distributions, with strong inward traction on the edge and fluctuation within the island [1]. 
7.3.1. Figure5-1AC.ai - Video editors, please zoom into the 2 left panels on top and emphasize the 0h panel.
7.4. After 10 hours of applying the HGF gradient, while the degree of island expansion was different in each column, the traction distributions were largely similar to time zero [1]. 
7.4.1. Figure5-1AC.ai - Video editors, staying zoomed into the 2 left panels, emphasize the 10h panel.
7.5. The average traction did not change for 10 hours [1]. 
7.5.1. Figure5-1AC.ai - Video editors, please emphasize the bottom row of panels. 
7.6. When calculating the monolayer stress, however, each column showed different trends [1]. Where HGF concentration was low, the average tension within islands was maintained around 200 Pascals throughout a 10 hour period [2]. 
7.6.1. Figure5-1BC.ai
7.6.2. Figure5-1BC.ai - Video editors, please emphasize the two rightmost panels on top and the blue “tension” plot on the bottom right panel.
7.7. Where HGF concentration was high, the average tension within islands gradually decreased from 230 Pascals to 100 Pascals over 10 hours, as previously shown [1]. 
7.7.1. Figure5-1BC.ai - Video editors, please emphasize the two leftmost panels on top and the blue “tension” plot on the bottom left panel.
7.8. Where the HGF concentration was high on the left half and low on the right half of the island, the average tension was maintained around 150 Pascals [1].
7.8.1. Figure5-1BC.ai - Video editors, please emphasize the two middle panels and the blue “tension” plot on the bottom middle panel.


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Hwanseok Jang: Filling the microfluidic channel must be gentle. It is important to remove bubbles trapped in the channel while simultaneously not disrobing micropatterned cell islands [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. Video editors: B-roll suggestion – shot 4.7.2
8.2. Hwanseok Jang: By using this integrated system, one can investigate how cell collectives respond mechanically to various chemical gradients such as chemoattractants or growth factors [1]. 

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
8.3. Hwanseok Jang: This platform will help us further explore the mechanics of collective cell migration under chemical gradients, which is the key to understand regeneration, cancer metastasis, and development [1].

8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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