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Questionnaire:
A.	i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique? (Y/N) Yes, Zeiss Axio Observer Z1 inverted microscope
B.	Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __N__
C.	Which steps of your protocol will viewers benefit most from having filmed?  
2.8, 2.9, 2.10, 4.1, 4.7
D.	What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Aligned photolithography, we first align the marks on the mask with that on the substrate to make them almost aligned, then check the pattern on the central portion to make sure the angle is right and adjust the standoff distance from the gold dots to the H pattern. Stressed!

Cell attachment, we need healthy cell status prior to experiment and avoid bubbles in the chip handling to ensure success of cell patterning, which is critical to the following experiment. Stressed!
E.	Will the filming need to take place in multiple locations? (Y/N) _Y (cleanroom and our lab) - close, 5 min walk.


1. Introduction 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experimental procedure is to investigate cavitation induced bioeffects in microfluidic confinement using surface patterning to precisely control the generation of tandem bubbles and the location and shape of the individual target cells. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. George Sankin: This microfluidic system enables experimentation with transient cavitation bubbles and biological cells that is relevant to various therapeutic ultrasound applications and sonoporation. 
1.2. Fenfang Li: The main advantage of this technique comes from the improved precision from surface patterning. It allows to study the bioeffects of individual cells under high-strain rate loading from reliable bubble-bubble interaction.
1.3. Chen Yang: Visual demonstration of this method is critical as the surface patterning and cell preparation in the chip steps are difficult to learn since various techniques and experience are involved.   

Protocol (read by voice talent at JoVE):

2. Gold Dot Patterning
2.1. Perform all the microfabrication procedures in a cleanroom while wearing a cleanroom suit. [WID]
2.1.1. Establishing shot, pan over the clean room, talent donning cleanroom garment
2.2. Design the area of each gold dot within 25-to-30 square microns, so that it is large enough to absorb laser energy for bubble generation, but small enough to avoid individual cells adhering to it. [LM]
2.2.1. Figure 3a
2.3. Clean the glass slide in a chemical hood according to the text protocol, [1.MED] then, proceed to the spin-coating hood. [2.WID]
2.3.1. Cleaning glass slide, any representative step, talent’s choice
2.3.2. Establishing shot of talent at spin coater
2.4. Program the spin coater to accelerate [1.MED] to 1,000 rpm over two seconds and to maintain that speed for five seconds.  Then have it ramp to 3000 rpm over three seconds and maintain that speed for 30 seconds. [2.CU]
2.4.1. Talent starts programming spin coater
2.4.2. Detail of the process of programming, show the program described
2.5. Next, secure the glass slide to the spin coater using the vacuum.  Then, cover the slide with P20 [1.CU] and start the spin cycle. [2.MED]
2.5.1. Slide being attached to spin coater then covered with P20
2.5.2. Talent starts the spin cycle
2.6. Next, apply NFR-negative photoresist using the same cycle. [MED]
2.6.1. Applying drop of photoresist to slide and starting spin
2.7. Now, bake the slide on a hotplate at 95 °C for 60 seconds. [MED]
2.7.1. Setting slide onto hotplate, starting timer
2.8. Once cooled to room temperature, perform the photolithography.  Mount the chrome mask [1.MED] onto the mask aligner and make sure that the pattern side is facing down towards the slide. [2.ECU]  
2.8.1. Preparing to mount the chrome mask
2.8.2. Detail of attaching the mask onto aligner and showing exposed face of mask
2.9. Then, set the photolithography recipe to hard exposure mode with 9 seconds of UV exposure [1.MED] and align the glass substrate with the mask. [2.ECU]
2.9.1. Programming the photolithography 
2.9.2. Aligning glass slide to the mask, quick
2.10. After the UV exposure, bake the slide at 95 °C for 1 minute, [1.MED] and then let it cool as before. [2.MED]
2.10.1. Removing the slide from photolithography device and placing on hot plate
2.10.2. Remove slide from hot plate to let it cool
2.11. To develop the pattern on the slide, place it in developer solution for 60 seconds. [MED]
2.11.1. Transferring slide from cooling location to bath of developer solution
2.12. Then wash the slide with distilled water and dry it with nitrogen gas. [MED]
2.12.1. Taking slide out of developer solution, rinse with DI water and drying with N2 gas stream
2.13. After confirming the pattern by microscopic inspection, [1.SCOPE] bake the slide at 120 ºC for 5 minutes and let it cool to room temperature. [2.WID-TXT]
2.13.1. View of slide at this point of development under scope
2.13.2. Moving slide from scope stage to hot plate, TEXT: 5 min, 120 ºC
2.14. Now, clean the slide with plasma in the reactive ion-etching [1.WID] machine for 90 seconds [2.MED] at 500 Torr and 100 W [3-?]. 
2.14.1. Establishing talent at RIE machine
2.14.2. Programming and running cycle of RIE machine
2.14.3. Added shot: capturing the plasma from the side window. ADDED SHOT
2.15. Using an E-beam evaporator, [1.WID] tape the sample to the plate holder [2-?]. Program the machine to deposit a 5 nm layer [3-MED?] of Titanium followed by a 15 nm layer of gold [4-CU]. Once deposition is complete, ventilate the machine [5-CU].
2.15.1. Establish talent working with E-beam evaporator
2.15.2. Added shot: tape the sample to the plate holder and load sample to the machine. 
2.15.3. Programming and running cycle of E-beam evap machine May be slated 2.15.2
2.15.4. Added shot: CU capturing plasma and sample rotation during deposition
2.15.5. Added shot: start ventilation of the machine
2.16. Next, soak the slide overnight in a beaker of photoresist remover solvent to remove the gold resting on top of the NFR resist [1.MED] [2.CU]
2.16.1. Unloading slide from E-beam evap machine
2.16.2. Setting slide into the photoresist remover solution bath Shot not filmed?
2.17. The next day, wash the slide with acetone [1.MED] followed by IPA, and then dry it with nitrogen [2.MED-TXT] Rinse the slide with DI water and dry it again with nitrogen [3-?] 
2.17.1. Transferring the slide from photoresist remover, where it should look like 16 h bath occurred, and rinse with acetone;
2.17.2. then rinse with IPA, TEXT: Dry under N2
2.17.3. Added shot: rinse the slide with DI water and dry it with nitrogen.
2.18. Now, heat the slide at 115 °C for 5 minutes. [1.MED] Then, clean the gold-dot patterned slide using an oxygen plasma asher at 100 W for 90 seconds. [2.MED]
2.18.1. Placing slide on hot plate
2.18.2. Loading slide into O2 plasma asher, programming and running cycle
3. Fabricating the Molecular-assembly patterning by lift-off (MAPL)
3.1. Set the area of each fibronectin-coated island to be within 700-900 square microns to facilitate adequate HeLa cell spreading in a square region while minimizing the chances of multiple cells aggregating on the island. [LM]
3.1.1. Figure 3b
3.2. Fabrication is much like that of the gold pattern. Spin coat the slide as before using S1813-positive photoresist [1.MED] and bake on the coating at 115 °C. [2.MED/WID]
3.2.1. Talent at spin coater, loading slide then applying S1813 to slide and starting cycle
3.2.2. Transferring slide from spin coater to hot plate, use MED if possible
3.3. Then, perform photolithography, aligning the marks on the mask with those on the substrate [1-WID]. Check the pattern on the central portion to confirm the correct angle and adjust the standoff distance from the gold dots to the H pattern [2-?] Run the UV exposure for 9 seconds, with no post-bake [3-?]. 
3.3.1. Arriving to photolithography machine, loading slide, first align the marks on the mask with that on the substrate to make them almost aligned; 
3.3.2. Then check the pattern on the central portion to make sure the angle is right and adjust the standoff distance from the gold dots to the H pattern;
3.3.3. Run the UV exposure.
3.4. The next difference is that the development step only takes 45 seconds. [CU]
3.4.1. Loading slide into developer solution and starting 45 sec countdown timer, in focus
3.5. For the reactive ion etching, set the parameters to 500-Torr, 100-W, and 90 seconds. [MED]
3.5.1. Loading slide into RIE machine and programming as described
3.6. Then, apply a drop of PLL-g-PEG passivating solution onto a piece of paraffin film [1.MED] and sandwich the solution to the pattern-side of the slide. Avoid trapping bubbles. [2.ECU] After 45 minutes, remove the slide from the film. [3.ECU]. Rinse the slide with DI water and then dry it with nitrogen [4-?]. Author note: We put the film on the bottom, the slide on the top, and we lay down the slide to sandwich the drop on the film and remove the slide afterwards.
3.6.1. Adding drop onto paraffin film
3.6.2. Put the patterned side of the slide facing down to the drop and slowly lay down the slide with the drop sandwiched between the slide and the film.
3.6.3. Removing the slide from the film
3.6.4. Added shot: rinse the slide with DI water and dry with nitrogen ADDED SHOT
3.7. Next, soak the slide consecutively in photoresist remover 1165, then 50% 1165 in DI water, then just DI water. [1.MED-TXT] During each bath agitate the solution in an ultrasound bath for 90 seconds. [2.MED]
3.7.1. Loading slide into 1165 bath and then transferring bath to ultrasound, all three bath solutions described should be poured and labeled TEXT: Sequential baths of photoresist remover 1165; 50% 1165 in DI water; DI water
3.7.2. Removing slide from 1165 bath and then placing in 50% 1165 bath, then transferring it to ultrasound
3.7.3. Removing slide from 50% 1165 bath and then placing in water bath, then transferring it to ultrasound ADDED SHOT. Use if needed, but disregard if it is too many similar shots of moving things from bath to bath.
3.8. Now, dry the slide on a hotplate.  Then seal it in a desiccator and store it at 4 ºC. [MED]
3.8.1. Removing slide from hot plate and placing it in desiccator, closing desiccator
4. Chip Assembly and Bubble Investigation
4.1. Assemble the slides into a microchannel-chip as described in the text protocol. [1.LM] Pay careful attention to shield the patterned area of the glass substrate with the small PDMS slab [2.CU] before using reactive ion etching to remove the PLL-g-PEG from the peripheral area. [3.MED]
4.1.1. Fig 3c
4.1.2. Detail of aligning, bring patterned area into contact with the small PDMS slab
4.1.3. Setting the assembly into the RIE machine and running cycle
4.2. After treating the microchannel PDMS with reduced dose of oxygen plasma, [1.MED] align it to the patterned glass substrate with the small PDMS slab removed [2-?]… under a stereoscope [3-?]. Bring the microchannel PDMS and the patterned glass substrate in conformal contact [4-CU].
4.2.1. Added shot: load the microchannel PDMS to the RIE machine and running cycle with the reduced plasma captured
4.2.2. Added shot: remove the small PDMS slab from the patterned glass substrate
4.2.3. Setting up to align channel with microscope May be slated 4.2.1
4.2.4. CU  Align the microchannel PDMS with the patterned glass substrate  under the stereoscope. May be slated 4.2.2
4.3. Now, proceed to use the chip. First, prime the chip [1.CU] by flowing PBS down the microchannel for 30 minutes, at 1 μL per minute. [2.MED]
4.3.1. Setting up chip to have PBS flowing through the microchannel
4.3.2. Programming the pump that flows the PBS and starting the pump
4.4. Then infuse the chip with fibronectin solution for 45 min at the same flow rate. [MED-TXT]
4.4.1. Stopping pump, switching channel input line from PBS to fibronectin solution, starting pump, TEXT: 50 μg/mL in PBS
4.5. While waiting, prepare the cells at 5 million cells per mL. Healthy status and high confluency is critical to this procedure. [WID]
4.5.1. At hood, adding trypsin solution to cell plates, then transferring them to incubator
4.6. Later, replace the solution flowing through the chip with PBS [1.MED] and increase the flow rate to 10 μL per minute.  Let the PBS flow for 5 minutes. [2.CU]
4.6.1. Stopping pump, switching channel input line from fibronectin solution back to PBS
4.6.2. Reprogramming pump to higher flow and starting pump 
4.7. Next, inject the prepared cells into the chip with a syringe. [1.CU] When one drop has flowed out of the tubing [3-?], stop the injection and clamp the outlet. [2.ECU]
4.7.1. General process for starting cell injection into chip
4.7.2. Detailed view of cell solution flowing out from chip and clamp being applied
4.7.3. Added shot: cells inside the channel from the eyepiece of the microscope ADDED SHOT – use for first part of 4.7.2 or as inset during 4.7.2. if this looks ok
4.8. Then, place the chip in an incubator for 30 minutes. [MED]
4.8.1. Loading clamped chip into incubator
4.9. Later, release the outlet and flush the chip with cell culture medium [1.MED] at 10 μL per minute for 5 minutes. After five minutes, drop the flow to 0.75 µL per minute [2.MED] and transfer the chip and pump to an incubator for two hours. [3.WID]
4.9.1. Removing the clamp from chip and connecting the inflow line to culture media
4.9.2. Pump, running at 10 µL / min, being rest to 0.75 µL / min
4.9.3. Added shot: capture cells inside the channel from the eyepiece of the microscope ADDED SHOT: use in place of part of 4.9.2 or as an inset if it looks good
4.9.4. Loading the chip and pump set up to an incubator May be slated 4.9.3
4.10. After two hours, proceed with tandem bubble generation, [1.WID] viewing the chip under an inverted microscope with two pulsed Nd:YAG (pronounce “N-D-YA-G”) lasers on timing controls [2.MED] directed at the gold dot pattern and with a high speed camera ready to capture the results. [3.MED]
4.10.1. Establish talent setting up slide under laser/camera set up
4.10.2. Focusing on the chip and adjusting the lasers to point to gold dot
4.10.3. Setting up the high speed camera, checking that it is ready, connections are made
How do you say Nd:YAG? (Abbreviation for Neodymium-doped yttrium aluminium garnet, pronounce as ‘N-D-YA-G’)
4.11. For 50-micron bubbles, set the delay between the two lasers to 2.5 microseconds and set their power to 10 micro-Joules. [MED]
4.11.1. Use a digital delay generator to set the delay time of the lasers or manually directly adjusting the lasers
4.12. Then, synchronize the high-speed camera recording with the lasers and make records at 2 million frames per second with 200-nanosecond exposures [1-?]. Thus, the dynamics of bubble expansion, collapse, bubble-bubble interaction, and jet formation are recorded. [LM]
4.12.1. Added shot: press the digital delay generator, the high-speed camera is triggered and captures bubble images.
4.12.2. To be provided by authors – a few example videos of bubble activity, about 30 seconds of footage at 30 fps (added and uploaded: Bubble-5Mfps-play30fps, BubblePIV-2.5Mfps-play30fps)
5. Results: Shear Stress and Membrane Dynamics of Single Cells from Bubble Interactions 
5.1. Bubble-bubble interactions and a variety of cavitation-induced bioeffects were studied at the single-cell level using the described technique, such as the transient interactions of tandem bubbles with the jet formation, [1.LM] the visualization of the resultant flow field, [2.LM] and the calculation of the jet speed.  [3.LM] Directional jetting flow around the tandem bubble is around 10 meters per second, is about 10 microns wide and is thus capable of producing an impulsive and localized shear stress and stress gradient onto nearby target cells. [4.LM]
5.1.1. Fig 5a left panel – add the color portion at “such as the transient” if it is layered
5.1.2. Fig 5a center panel – nothing to animate, as this is on screen so transiently
5.1.3. Fig 5a right panel – nothing to animate in this graph
5.1.4. Fig 5a – all – transition to showing all three panels of 5a at the same time, arrange them with the left above the center to the lower left and the right to the lower right
5.2. Tandem bubble-induced cell membrane deformation was also studied.  Membrane deformation and recovery are highlighted by the displacement of functionalized beads attached to the leading edge of the cell membrane.
5.2.1.  Figure 5b left panel – at “highlighted” add the yellow dotted line to the graph, 
5.3. [bookmark: _GoBack]From the coordinates of a triad of adjacent beads, the local area strain was calculated. The schematic shows the maximum area change at different locations on the cell surface. The leading edge is primarily stretched, while the trailing edge or lateral sides of the cell are compressed, indicating heterogeneity in cell deformation produced by the TB-induced jetting flow.
5.3.1. Figure 5b center panel – at “leading edge” add the green circles, and at “trailing edge” add the red circles, then add the one “no change” empty circle
5.4. The temporal variation of the area strain at the cell leading edge is comprised of a few rapid oscillations, followed by a large and sustained stretch for about 100 microseconds and a subsequent gradual recovery on a time scale of several milliseconds.
5.4.1. Figure 5b right panel – draw the lines on left to right so the up-down part coincides with the words “rapid oscillations” in the narrative

6. Conclusion (said by authors on camera) NOTE to Editor – authors changed the order of these statements in post-shoot, so slating may be incorrect. I’m guessing the order below is the order they want them shown in.

6.1. George Sankin: After watching this video, you should have a good understanding of how to make controllable bubble-bubble interaction to study the bioeffects of single cells with controlled shape and location from surface patterning.
6.2. Fenfang Li: Following this procedure, other methods like cytoskeleton staining and confocal imaging can be further performed to study cell cytoskeleton re-arrangement after tandem bubble treatment. May be slated 6.3
6.3. Fenfang Li: After its development, this technique paved the way for researchers in the field of therapeutic ultrasound to explore cavitation-induced bioeffects on single cell level. May be slated 6.4
6.4. Chen Yang: While attempting this procedure, it’s important to remember to maintain good cell status and cell confluency for success during cell patterning. May be slated 6.2
6.5. Chen Yang: Don't forget that working with cleanroom chemicals and lasers can be extremely hazardous and precautions such as wearing gloves and laser goggles should always be taken while performing this procedure.    
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General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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