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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, images are readily captured, and movies can be generated from time-lapse images.     

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?  15 minutes walking.


Current Protocol Length

Number of Steps:  29
Number of Shots:  46

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED: 
1.1. Nolan Frey: This protocol explains how to fabricate and use microfluidic technologies to leverage the experimental benefits in sample throughput, automated handling, and the ability to precisely apply mechanical stress while simultaneously visualizing samples. 
1.1.1. [bookmark: _Hlk112669192]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.1
1.2. Utku M. Sönmez: This technique minimizes the manual handling of multicellular biological systems such as embryos or organoids for alignment, immobilization, and imaging. It also enables the application of precise mechanical compression to them for mechanobiology studies.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.2
OPTIONAL: 
1.3. Utku M. Sönmez: The fabrication of high-aspect-ratio molds for this microfluidic chip can be challenging using standard microfabrication techniques. The fabrication tips explained in this video article can overcome these challenges.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 5.5.1
1.4. 

Protocol

NOTE for the videographer: All the procedures in Step 2 requires the use of a cleanroom facility which only allows authorized users inside. Therefore, we will be filming these procedures ourselves.
2. Preparation of the Silicon Wafer Mold
2.1. To begin, clean the silicon wafer first with acetone and then with isopropyl alcohol [1]. Place the silicon wafer on a 250 degrees Celsius hot plate for 30 minutes for dehydration bake [2].
2.1.1. Talent cleaning the silicon wafers.
2.1.2. Talent placing the silicon wafers on a dehydration bake.
2.2. Coat the silicon wafer with hexamethyldisilazane in a vapor prime oven [1]. Place a bottle of SU-8 2100 (s-u-eight-twenty-one hundred’) photoresist in a 60 degrees Celsius oven for 15 minutes to reduce its viscosity [2]. 
2.2.1. Talent coating the silicon wafer with HDMS.
2.2.2. Talent placing photoresist in oven 
2.3. Place the silicon wafer on a 60 degrees Celsius hot plate [1] and pour 1 milliliter of the heated photoresist for each inch of the wafer until the photoresist covers most of the surface [2]. 
2.3.1. Talent placing the silicon wafer on a hot plate. (already implied in the next step)
2.3.2. Talent pouring the photoresist on the wafer.
2.4. Apply pre-spin first at 250 rotations per minute for 30 seconds and then at 350 rotations per minute for another 30 seconds, both with 100 rpm/s (r-p-m-per-second) acceleration [1]. Videographer: Important Step!
2.4.1. Talent applying pre-spin to the wafers.
2.5. Remove the excess photoresist from the edges of the silicon wafer using a cleanroom swab [1]. Apply a spin first at 500 rotations per minute for 15 seconds with 100 rpm per-second acceleration and then at 1450 rotations per minute for 30 seconds with 300 rpm per-second acceleration [2].
2.5.1. Talent removing excess photoresist from the edges of the silicon wafer.
2.5.2. Talent applying spin to the wafers.
2.6. Remove the edge bead with a cleanroom swab [1]. Place the silicon wafer on a 50 degrees Celsius hot plate [2] and spray acetone on the wafer to remove imperfections and promote uniform coating [3].
2.6.1. Talent removing edge bead with a swab.
2.6.2. Talent placing silicon wafer on a hot plate. (already implied in the next step)
2.6.3. Talent spraying acetone on the wafer.
2.7.  Expose the silicon wafer to 350 mJ/cm2 (milli-joule-per-centimeter-square) UV light through the photomask using the contact mask aligner  [1]. Apply post-exposure bake to the silicon wafer and let it cool down to room temperature [2]. Place a magnetic stirrer with a slightly smaller diameter than the silicon wafer in a beaker [2]. Turn the silicon wafer upside-down [3] and place it on top of the beaker [4]. Videographer: Important Step! (these should be in 2.8, so I moved them there)	Comment by ums: For some reason that I don’t know, this section of the script was messed up. I have reorganized it in such a way that it actually makes sense.  
2.7.1. Talent secures the photomask and exposesing silicon wafer to UV light.
2.7.2. Talent placing magnetic stirrer in a beaker. (these should be in 2.8, so I moved them there)
2.7.3. Talent turning the silicon wafer upside down.
2.7.4. Talent placing the silicon wafer on top of the beaker.
2.8. Place the beaker inside another larger beaker [1] and fill the larger beaker with a fresh developer solution [1]. Place a metal mesh on the beaker [2]. Place the silicon wafer on the metal mesh upside down [3]. Leave the silicon wafer submerged in the developer for 30 minutes with the stirrer turned on [24].
2.8.1. Talent placing the beaker inside another beaker and fills it with developer solution.
2.8.2. Talent filling the large beaker with a solution.
2.8.3. Added step: Talent places metal mesh on the beaker and places the upside-down silicon wafer on top of it. Then he places the assembly on a stirrer plate.
2.8.4. 
2.9. Transfer the silicon wafer into an ultrasonic bath sonicator filled with the fresh developer for 1 hour at 40 kHz (kilohertz) [1]. Then take the wafer out from the beaker and wash it with a fresh developer solution [2].
2.9.1. Talent transferring the silicon wafer into an ultrasonic bath.
2.9.2. Added step: Talent removes the wafer from the beaker and washes it with a fresh developer solution.
3. Fabrication of the Microfluidic Chip
3.1. Prepare the pre-cured PDMS (P-D-M-S) solution by mixing the PDMS base with the curing agent at a 10 to 1 ratio [1]. Degas the mixture by placing it into a centrifuge for 500 g for 5 minutes at room temperature [2]. Pour the pre-cured PDMS on a silicon wafer and de-gass it again [3]. Finally place the uncured PDMS into 60 oC oven for curing [4].
3.1.1. Talent preparing PDMS mixture.
3.1.2. Talent degassing the mixture in a centrifuge.
3.1.3. Talent pouring the PDMS on a silicon wafer.
3.1.4. Added shot: Talent degassing the mixture on silicon wafer in desiccator (it may be labelled as 3.1.3a by the videographer in the video.)
3.1.5. Added shot: Talent places the uncured PDMS into 60 oC oven for curing. (it may be labelled as 3.1.3b by the videographer in the video.)
3.2. Use a scalpel to cut the borders of the cured PDMS region corresponding to the microfluidic chip geometry [1]. Punch the inlet and outlet holes on PDMS using a biopsy punch or a needle with a blunt tip [2] Videographer: Important Step!
3.2.1. Talent using a scalpel to cut the borders of cure regions.
3.2.2. Talent using a needle to punch inlet and outlet holes.
3.3. Place the PDMS on the glass slide with its patterned surface facing toward the glass slide to seal the microchannels via covalent bonding [1]
3.3.1. Talent placing the PDMS on a glass slide.
4. Preparation of the Fruit Fly Embryos
4.1. Allow Oregon-R adult flies to lay eggs on apple juice agar plates [1-TXT] and collect the plates at the desired developmental time after egg laying for the given experiment [2]
4.1.1. Flies laying eggs on juice agar plates. TXT: 1.5% agar, 25% apple juice, 2.5% sucrose
4.1.2. Talent collecting the plates after egg laying.
4.2. Flood the agar with embryo egg wash [1] and gently agitate the embryos with a paintbrush to dislodge them from the agar [2]. 
4.2.1. Talent flooding the agar with embryo egg wash.
4.2.2. Talent agitating the embryos with a paintbrush.
4.3. Transfer the embryos to a 50 percent bleach solution for 90 seconds, stirring occasionally [1]. Strain the embryos through a tissue sieve [2] and thoroughly wash away the bleach solution with water [3]. 
4.3.1. Talent transferring the embryos to a bleach solution.
4.3.2. Talent straining the embryos through a tissue sieve.
4.3.3. Talent washing away the bleach solution.
4.4. Transfer the embryos to a 90-millimeter glass Petri dish with enough embryo egg wash to fully cover the embryos [1]. Examine the embryos with transillumination on a dissecting microscope and select embryos of the desired development stage for loading into the microfluidic device [2]. Videographer: Important Step!
4.4.1. Talent transferring the embryos to a petri dish.
4.4.2. SCOPE: Talent examining the embryos on a microscope.
5. Applying Mechanical Stimulation to Fruit Fly Embryos Using the Microfluidic Chip
5.1. Prime all seven embryo microchannels by filling them with 0.4 micrometers of filtered IPA (I-P-A) through the main embryo inlet port [1]. Replace the IPA with 0.4 micrometers of filtered deionized water [2]. Replace the DI water with embryo egg wash solution [3].
5.1.1. Talent filling IPA through the main embryo inlet port.
5.1.2. Talent replacing IPA with DI water.
5.1.3. Talent replacing DI water with embryo egg wash solution.
5.2. Collect approximately 100 preselected embryos from the glass Petri dish using a glass pipette. Pipette the embryos into the embryo inlet port [1]. Apply an approximately 3 PSI (P-S-I) negative pressure to the gas inlet using a portable vacuum pump to open up the embryo microchannels [2]. 
5.2.1. Talent pipetting the embryos into the inlet port.
5.2.2. Talent applying pressure to the gas inlet.
5.3. Tilt the microfluidic chip downward for the embryos to automatically align and settle into the embryo microchannels. If the embryo microchannel inlets get clogged by multiple embryos entering simultaneously, tilt the microfluidic chip upward and then down again to clear the clogging [1]. Videographer: Important Step!
5.3.1. Talent tilting the microfluidic chip.
5.4. Based on the required throughput, introduce as many as 300 embryos into the embryo microchannels. Once the embryo loading is completed, remove the vacuum to immobilize the embryos [1]. Videographer: Important Step!
5.4.1. Talent removing vacuum.
5.5. Tilt the microfluidic chip back to the horizontal position [1]. Connect a portable positive pressure source with a pressure gauge to the gas inlet to apply 3 PSI compression [2].
5.5.1. Talent tilting the microfluidic chip to the horizontal position.
5.5.2. Talent connecting a positive pressure source.
5.6. If live imaging experiments will be conducted on the mechanically stimulated embryos, place the microfluidic chip on a standard microscope stage glass slide holder with the gas inlet connected to the pressure source [1].
5.6.1. Talent placing the microfluidic chip on a microscope stage.
5.7. Once the compression experiment is completed, the embryos can be collected for downstream analysis. To do this, first, apply the vacuum to the gas inlet to free the embryos [1]. 
5.7.1. Talent applying the vacuum to the gas inlet to free the embryos.
5.8. Then, tilt the microfluidic chip upward for the embryos to move downward toward the embryo introduction port [1]. Collect the embryos from the microfluidic chip using a glass pipette [2]. Examine the embryos under a fluorescent microscope inside microfluidic channels [3].
5.8.1. Talent tilting the chip upwards.
5.8.2. Talent collecting embryos using a glass pipette.
5.8.3. SCOPE: Embryos are being examined.


Results
6. Results: Experimental Measurement of Embryo Compression Level
6.1. The functionality of the microfluidic device was experimentally determined by loading Drosophila embryos into the compression channels and applying positive pressure to the gas channels [1] 
6.1.1. LAB MEDIA: Figure 5
6.2. The embryos do not experience significant compression under vacuum or in neural pressure states, they are compressed when positive pressure is applied [1]. Measurements of the decreasing width of the embryos under a microscope demonstrate how gas pressure can be used to obtain a target compression level [2]
6.2.1. LAB MEDIA: Figure 5 Video Editor: Emphasize figure 5 A
6.2.2. LAB MEDIA: Figure 5 Video Editor: Emphasize figure 5 A



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Philip LeDuc: Microfluidic channels fabricated by this procedure also allow for the media to be exchanged while biological samples are immobilized. This enables chemical stimulation of samples with high temporal resolution while doing time-lapse imaging.
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 5.3.1
7.2. Jonathan Minden: How mechanical forces regulate proteome during development is a fundamental question in developmental biology. This technique can simultaneously apply mechanical stimulation to large quantities of embryos. This enables researchers to run comparative proteomic assays to uncover proteins that are sensitive to mechanical forces.
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 5.8.2
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