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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No
2. Does your protocol include software usage? No
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. 
2.8 Placing the UV-curable polymer to be wicked between the stamp and flat slab of PDMS
2.9 Placing the UV-curable polymer at each side of the stamp
3.1 Placing the stencil on top of the coverslip
3.2 Pressing the stencil down onto the coverslip
4.4 Forming the polyacrylamide hydrogel between the two coverslips
4.8 Removing the top coverslip while submerged in PBS
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. 
The most difficult step (and most critical for success) is forming the stencil from UV-curable polymer (steps 2.8 and 2.9). To help ensure success, I always use newly formed stamps and flat slabs of PDMS – this ensures good contact between the stamp and the flat slab, which is necessary for obtaining the desired pattern. I am also very careful to not touch the stamp while pouring the UV-curable polymer – if you disrupt the stamp at all, the polymer will wick underneath and no pattern will be generated. 
5. Will the filming need to take place in multiple locations? No

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. Jonathon Muncie: This protocol enables researchers to culture stem cell colonies on hydrogels with complete control over both the stiffness of the gel and the geometry of the stem cell colonies [1].

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

1.2. Jonathon Muncie: The main advantage of this technique is that it allows researchers to culture stem cell colonies in conditions that mimic the physiological environment better than tissue culture plastic [1].

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

OPTIONAL Interview Statements: (Said by you on camera)

1.3. Jonathon Muncie: When performing this technique for the first time, plan to generate a few extra of every material and use a fluorescent ligand for troubleshooting and optimizing at each step [1].

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

1.4. Jonathon Muncie: This technique involves multiple steps that involve precise positioning of various materials. It’s much easier to understand the written instructions for this technique once it has been seen [1].

1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

Ethics title card:

1.5. All methods described here pertaining to the use of hESCs have been approved by the Human Gamete, Embryo and Stem Cell Research (GESCR) Committee at the University of California San Francisco.
1.6. 

Section - Protocol
2. Generation of stencils for patterning ECM ligand
2.1. To begin this procedure, mix PDMS base with PDMS curing agent at a 10-to-1 ratio, by weight, and mix thoroughly [1]. Degas this mixture in a desiccator for 30 – 60 minutes, or until all of the air bubbles are removed [2].
2.1.1. Establishing shot of the talent approaching the work area, and mixing the PDMS base with the PDMS curing agent.
2.1.2. Talent places the mixture in a desiccator to degas.
2.2. Slowly and evenly pour the PDMS mixture over the surface of the prepared wafer [1-TXT]. Tap the dish on the work surface to release any air bubbles from the surface of the wafer [2].
2.2.1. Talent pours the PDMS mixture over the surface of the wafer. TEXT: See text for details on preparing the wafer.
2.2.2. Talent taps the dish against the work surface.
2.3. Bake the PDMS at 70 degrees Celsius for 2 hours [1] and allow it to cool to room temperature [2]. Then, cut the PDMS into roughly 10 by 10 millimeter squares, each containing the features for a single experimental condition. These will be referred to as “stamps” for the remainder of the protocol [3].
2.3.1. Talent places the dish into an oven to bake the PDMS.
2.3.2. Talent retrieves the dish from the oven and sets it aside to cool at room temperature.
2.3.3. Talent cuts the PDMS into squares as described.
2.4. After this, mix PDMS base with PDMS curing agent at a ratio of 8-to-1, by weight, and mix thoroughly [1-TXT]. Degas this mixture in a desiccator for 30 – 60 minutes, or until all of the air bubbles are removed [2].
2.4.1. Talent mixes PDMS base with PDMS curing agent. TEXT: Prepare 20 g for each 100 mm dish.
2.4.2. Talent places the dish into a desiccator to degas the PDMS.
2.5. Next, slowly and evenly pour the PDMS into a clean 100 millimeter dish [1]. Tap the dish on the work surface to release any air bubbles [2]. Bake the PDMS at 70 degrees Celsius for 2 hours, and allow it to cool to room temperature [3].
2.5.1. Talent pours the PDMS into a dish.
2.5.2. Talent taps the dish on a work surface.
2.5.3. Talent places the dish into an oven to bake.
2.6. For each previously generated stamp, cut a 15 by 15 millimeter square of PDMS. These will be referred to as “flat slabs” for the remainder of the protocol [1].
2.6.1. Talent cuts squares of PDMS as described.
2.7. Invert each generated stamp onto a flat slab of PDMS, such that the features on the stamp are in contact with the flat slab of PDMS [1]. Gently press on the top of the stamp with forceps to ensure even contact [2].
2.7.1. Talent inverts a stamp onto a flat slab of PDMS as described.
2.7.2. Talent gently presses on top of the stamp with forceps.
2.8. Next, place a small drop of UV-curable polymer at the top interface of each stamp-and-slab pair [1]. The polymer will be wicked between the two by surface tension, assisted by gravity [2].
Videographer: The authors have noted that this step is one of the most important for viewers to see, and one of the most difficult to perform.
2.8.1. Talent places a small drop of UV-curable polymer at the top interface of the stamp/slab pair.
2.8.2. CU or ECU shot showing the polymer being wicked between the two surfaces.
2.9. Place a small drop of the UV-curable polymer around the edges of the stamp-and-slab interface. This creates a border that will hold the ligand solution [1]. Then, carefully place the stamp-and-slab pairs into a UV-sterilization box [2]. Use the sterile “Str” power setting, and expose for 10 minutes [3].
Videographer: The authors have noted that this step is one of the most important for viewers to see, and one of the most difficult to perform.
2.9.1. Talent places a small drop of the UV-curable polymer around the edges of the stamp/slab interface.
2.9.2. Talent places the stamp/slab pairs into a UV-sterilization box.
2.9.3. Talent sets the power, and begins exposing the stamp/slab pairs.
2.10. After this, remove the pairs from the UV-sterilization box [1] and use two pairs of forceps to gently remove the stamp while holding down the flat slab and stencil that formed from the UV-curable polymer [2].
2.10.1. Talent removes the pairs from the UV-sterilization box.
2.10.2. Talent uses two pairs of forceps to gently remove the stamp while holding down the flat slab and stencil.
2.11. Using forceps, carefully remove the stencil and invert it such that the surface that is in contact with the flab slab of PDMS is facing up [1]. Place the inverted stencils back into a UV-sterilization box [2]. Use the sterile “Str” power setting and expose for 3 minutes [3].
2.11.1. Talent uses forceps to remove the stencil and invert it.
2.11.2. Talent places the inverted stencils into a UV-sterilization box.
2.11.3. Talent sets the power, and begins exposing the stamp/slab pairs

3. Patterning ECM ligand on coverslips 
3.1. Using forceps, carefully place each stencil flat-side-down onto an acid-washed coverslip [1] making sure that features are centered on the coverslip [2].
Videographer: The authors have noted that this step is one of the most important for viewers to see.
3.1.1. Talent uses forceps to place a stencil flat-side-down onto an acid-washed coverslip.
3.1.2. CU or ECU shot, showing that the features are centered on the coverslip.
3.2. Place a small piece of laboratory film on top of each stencil [1]. Firmly and evenly press down on the stencil to create strong contact between the stencil and the coverslip [2].
Videographer: The authors have noted that this step is one of the most important for viewers to see.
3.2.1. Talent places a small piece of laboratory film on top of a stencil.
3.2.2. Talent presses down on the stencil.
3.3. Place the coverslips with stencils in a dish, and place this dish into a plasma cleaner [1] and apply high power plasma for 30 seconds [2]. Then, pipet the ligand solution onto the surface of each stencil. For stencils made from 10 by 10 millimeter square stamps, apply 100 microliters per stencil [3].
3.3.1. Talent places the coverslips with stencils into a plasma cleaner.
3.3.2. Talent turns on the plasma cleaner to apply high power plasma to the coverslips.
3.3.3. Talent pipets ligand solution onto the surface of some stencils.
3.4. [1]. After this, wrap the dish containing the coverslips in laboratory film [2], and incubate at 4 degrees Celsius overnight [3].
3.4.1. Talent places the stenciled coverslips with ligand into a dish.
3.4.2. Talent wraps the dish with laboratory film.
3.4.3. Talent places the wrapped dish into a refrigerator to incubate.

4. Transfer of ligand to polyacrylamide gel
4.1. First, wash the coverslip with stencil by using forceps to briefly subme it in a dish containing sterile PBS [1]. Submerge the coverslip with stencil into a second dish of PBS to wash it again [2].
4.1.1. Talent briefly submerges a coverslip with stencil in PBS (contained in the first dish).
4.1.2. Talent submerges the coverslip with stencil in PBS (contained in the second dish).
4.2. Remove the stencil from the surface of the coverslip, being careful to not break the coverslip [1]. Next, briefly submerge the coverslip in a dish containing ultrapure water to remove salts from the PBS washes [2]. Touch the edge of the coverslip to a delicate task wipe to wick away excess water [3] and dry the coverslip under an inert gas, such as nitrogen [4].
4.2.1. Talent removes the stencil from the surface of the coverslip.
4.2.2. Talent briefly submerges the coverslip in a dish containing ultrapure water.
4.2.3. Talent touches the edge of the coverslip to a delicate task wipe.
4.2.4. Talent dries the coverslip under an inert gas.
4.3. Then, prepare a polyacrylamide solution to obtain the desired hydrogel elasticity [1-TXT]. For each patterned coverslip, prepare a glutaraldehyde-activated “bottom” coverslip with a spacer placed on top [2-TXT].
4.3.1. Talent prepares a polyacrylamide solution. TEXT: See protocol for details on preparing solution. 
4.3.2. Talent prepares a glutaraldehyde-activated “bottom” coverslip with a spacer placed on top. TEXT: Outer diameter: 18 mm; Inner diameter: 14 mm.
4.4. Pipet between 75 and 150 microliters of polyacrylamide solution to the center of each glutaraldehyde-activated coverslip [1]. Using forceps, place a patterned coverslip onto each glutaraldehyde-activated coverslip with polyacrylamide and spacer, such that the patterned ligand faces the polyacrylamide solution [2].
Videographer: The authors have noted that this step is one of the most important for viewers to see.
4.4.1. Talent pipets polyacrylamide solution to the center of a glutaraldehyde-activated coverslip.
4.4.2. Talent places a patterned coverslip onto a glutaraldehyde-activated coverslip with polyacrylamide.
4.5. Carefully place each polyacrylamide “sandwich” into a cap holder with threads that are compatible with 15 mL conical-bottom tubes [1]. Screw a 15 milliliter conical-bottom tube into each cap holder to hold the polyacrylamide “sandwiches” in place [2].
4.5.1. Talent places a polyacrylamide “sandwiches” into a cap holder.
4.5.2. Talent screws a conical-bottom tube into a cap holder.
4.6. Centrifuge the polyacrylamide “sandwiches” in the tubes in swing-buckets at 200 x g for 10 minutes at room temperature [1]. Remove the tubes from the centrifuge [2] and place them in tube racks to maintain orientation for an additional 50 minutes to ensure full polymerization [3].
4.6.1. Talent places the tubes into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
4.6.2. Talent removes the tubes from the centrifuge.
4.6.3. Talent places the tubes into tube racks.
4.7. Then, remove the “sandwiches” from the tubes and submerge them in PBS in a 100 millimeter dish [1]. Wrap the dish in laboratory film [2] and incubate at room temperature for 3 hours [3-TXT] or at 4 degrees Celsius overnight [4].
4.7.1. Talent removes a “sandwich” from a tube and submerges it in PBS. 
4.7.2. Talent wraps the dish in laboratory film.
4.7.3. Talent sets the dish aside on the lab bench to incubate at room temperature. TEXT: Alternatively, incubate overnight at 4 C.
4.8. After this, use a scalpel and forceps to carefully remove the patterned coverslips and the spacer from the polyacrylamide “sandwich” while it remains submerged in PBS [1].
Videographer: The authors have noted that this step is one of the most important for viewers to see.
4.8.1. Talent uses a scalpel and forceps to remove the patterned coverslips and the spacer from the polyacrylamide “sandwich” while it remains submerged in PBS.
4.9. Place each coverslip with patterned polyacrylamide into a cap holder [1]. Place a gasket on top of the coverslip and around the polyacrylamide, where the spacer was located [2-TXT]. Screw a sawed-off 15 millimeter conical-bottom tube into the cap holder, forming a well with the patterned polyacrylamide at the bottom [3]. These assemblies fit into the wells of a standard 12-well plate for easy handling [4].
4.9.1. Talent places a coverslip into a cap holder.
4.9.2. Talent places a gasket on top of the coverslip and around the polyacrylamide. TEXT: Gasket Outer diameter: 18 mm; Gasket inner diameter: 14 mm.
4.9.3. Talent screws a sawed-off conical-bottom tube into the cap holder.
4.9.4. Talent places the assemblies into the wells of a 12-well plate.



Section – Results
5. [bookmark: _GoBack]Results: Geometry of Human Embryonic Stem Cell Colonies
5.1. When performing this technique, use a fluorescent ligand to ensure the desired pattern is created on the surface of the glass coverslip and successfully transferred to the surface of the polyacrylamide hydrogel during polymerization [1]. 
5.1.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1B.
5.2. The ultimate measure of success for this method is the ability to culture hESCs in desired geometries on the patterned hydrogels [1]. When cultured as outlined in the text protocol, the hESCs typically proliferate to complete the patterned geometries by 48 to 72 hours once the Y27632 (“Y-two-seven-six-three-two”) is completely removed from the media [2].
5.2.1. LAB MEDIA: Figure 2.
5.2.2. LAB MEDIA: Figure 2.
5.3. Culturing hESC colonies in confined geometries on polyacrylamide hydrogels permits the measurement of cell-generated traction forces using traction force microscopy [1]. These measurements are made by embedding fluorescent microspheres in the hydrogel and imaging the positions of these beads before and after seeding hESCs [2].
5.3.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3A.
5.3.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3A.
5.4. The images of the bead positions can be used to generate maps of bead displacements, when can subsequently be used to calculate the underlying traction stresses [1]. In circular colonies of hESCs, the largest traction stresses are found near the peripheral edge of the colonies, while the center of the colonies display uniformly low traction stresses [2].
5.4.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3B.
5.4.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B.
5.5. Despite the observed non-uniform distributions of traction stresses, hESCs cultured as patterned circles in maintenance conditions display uniform expression of the pluripotency marker Oct3/4 (“oct-three-four”, where “oct” is pronounced as in the beginning of “octagon”) and cell adhesion molecule E-cadherin [1].
5.5.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3C.


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Jonathon Muncie: This technique will allow researchers to more accurately model the human embryo with human embryonic stem cells, ultimately providing important insights into how humans develop [1].

6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. (Move this so that it is the last interview statement)

6.2. Jonathon Muncie: This method can be adapted for any application in which a researcher aims to culture cells in defined geometries on soft hydrogels.
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.3. Jonathon Muncie: This procedure is compatible with most biochemical assays, allowing researchers to answer questions about how tissue geometry and cell-generated forces regulate protein expression, cell signaling, etc. [1].
6.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.4. Jonathon Muncie: Many researchers are now using human embryonic stem cells to answer questions about early human development. This technique will allow users to better mimic the physiological environment of the embryo to address these questions [1].
6.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.1.	Jonathon Muncie: This technique will allow researchers to more accurately model the human embryo with human embryonic stem cells, ultimately providing important insights into how humans develop [1].
6.1.1.	INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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