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Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N  _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y___ 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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _________3.3, 4.1, 4.5, 4.6, 4.12, 4.13______________
D.  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.) _4.12, 4.13 – we will use food coloring dye to more clearly show fluid traveling in the tubing_

E.  Will the filming need to take place in multiple locations? (Y/N) ___N___  
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this procedure is to perform automated small-volume particle separations using a microfluidic acoustophoretic device. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Maxim Shusteff: This method can facilitate key procedures in the biomedical engineering field, such as robust sample processing and separation for bio-detection and clinical research applications. 
1.2. Erika Fong: The main advantages of this technique are modularity, robustness, precision, and automation, making it flexible and adaptable not only for acoustophoretic separation, but a wide variety of flow-through microfluidic separation devices.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Chao Huang: We first recognized the need for this capability to routinely and reliably run separations on sub-milliliter biological sample volumes without significant dilution or loss of analyte.  
1.4. Maxim Shusteff: The integration of sample metering and automated routing from the source to the collection vials, together with standard syringe pump operations is critical for working successfully at this scale.  
Protocol (read by voice talent at JoVE): 
2. Cleanroom Fabrication of Microfluidic Chips for Acoustophoresis 

2.1. To begin, design the acoustophoretic device [2.1.1 - MED Over the Shoulder] and the layout for the two photomasks as described in section 1 of the accompanying text protocol. [2.1.1B CU]
2.1.1. Talent at computer using drawing program to design photomasks
2.1.1.B Shot of talent holding completed chrome photomask
2.1.2. Figure 1a,c (Video Editor: Show Figure 1a on the left and Figure 1c on the right.) 
2.2. Then, pattern the back-side fluid ports onto a double-side polished one-zero-zero silicon wafer using standard positive-resist photolithography.  [2.2.1 - LM] Etch this geometry using deep reactive ion etching to a depth of 350 to 400 µm. [2.2.2 - LM]
2.2.1. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:00-0:10

2.2.2. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:10-0:17
2.3. Next, turn the wafer over and pattern the front-side fluid channel geometry, again using standard positive-resist photolithography. [2.3.1 - LM]  Then, mount the patterned wafer to a second, blank silicon carrier wafer using photoresist. [2.3.2 - LM]  

2.3.1. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:17-0:27

2.3.2. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:27-0:34
2.4. Now, etch the exposed channels to a depth of 200 µm using deep reactive etching. [2.4.1 - LM] Then, soak the device wafer in a resist-stripping solution to de-mount it from the blank silicon wafer.[2.4.2 - LM]
2.4.1. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:34-0:40

2.4.2. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:40-0:44

2.5. Next, clean the device wafer and a featureless 0.5 mm-thick borosilicate glass wafer using Piranha solution. [2.5.1 - LM]
2.5.1. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:44-0:50
2.6. Once clean, seal the fluid channels by anodically bonding the glass and silicon wafers using the conditions shown here. [2.6.1 - LM]
2.6.1. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:50-0:58
2.7. Finally, cut the individual chips apart with a diamond blade on a dicing saw.  [2.7.1 - LM]
2.7.1. 20150505-JoVE-Section2-AnimationDraft02-MS 2-2 to 2-7 CleanRoomFab.wma, Time 0:58-End 
3. Piezo Transducer Attachment 
3.1. From a two-component low-viscosity epoxy kit, weigh out the recommended ratio of both components and mix them thoroughly.[3.1.1 - MED]  Then, place the lead  zirconate titanate, or PZT, piezoceramic in a suitable jig and use a pipette to spread approximately 10 µl of the epoxy mixture evenly across it to create a thin, even layer. [3.1.2 - CU - TXT]
3.1.1. *Film as written

3.1.2. *Film as written (TEXT: Piezoceramic Dimensions: 37.5 mm × 10 mm × 0.5 mm).  

3.2. Next, place the chip into the jig and align the epoxy side of the piezoceramic with the microfluidic chip. It may be necessary to tack the chip down with tape to hold it in place when aligning.  [3.2.1 - CU/ECU]
3.2.1. Talent positions the two items, holds them steady for a few seconds, then attaches the components. places the chip into the jig tacks it down with tape, and then aligns the chip in the jig with the PZT in the jig and presses together.
3.3. Clamp the assembly in a vice, taking care not to crack any of the components [3.3.1 - CU], and cure at the temperature and duration that are recommended by the epoxy manufacturer.[3.3.2 - MED]
3.3.1. *Film as written

3.3.2. Talent places setup into an oven and sets a timer for the appropriate duration.

3.4. After the epoxy has cured, use a fine-tip soldering iron to attach fine-gauge wire leads to each side of the piezoceramic. If necessary, use the appropriate flux to prepare the piezo surface.  Take care to make the briefest possible contact with the piezo to avoid thermally de-polarizing it. [3.4.1 - CU/ECU]
3.4.1. Talent solders the wire to each side of the piezoceramic after applying flux.  
4. Separation Procedure   
4.1. Attach the chip to a fluidic breadboard using clamping fixtures.  [4.1.1 - CU] Also attach a cooling fan to the breadboard to regulate temperature during acoustic experiments.  [4.1.2 - CU]
4.1.1. *Film as written

4.1.2. *Film as written

4.2. Next, screw in the chip-to-world connectors. [4.2.1 - CU] Mount the breadboard onto the microscope stage and join the world-to-chip connectors to additional tubing at the inlets and outlets using standard quarter-28-threaded unions for 1/16” tubing. [4.2.2 - CU]
4.2.1. *Film as written

4.2.2. *Film as written

4.3. Connect the microfluidic chip to the syringe pump, computer-controlled multi-port selection valves, PC-interfaced flow meters, and tubing, as shown here and described in Figure 4 of the accompanying text protocol. [4.3.1 - LM]
4.3.1. 4-3-1 FluidicSystem.wmv (Time - 0:00-0:33) (Video Editor: Time it so that the section that is mentioned by the VO is highlighted in the clip from the animation the authors created.)
4.4. Prior to running the separation, fill the cleaning reagent reservoirs and prime their corresponding fluid lines. [4.4.1 - CU] Also, set valves 3 and 4 at the chip outlets to initially flow to the waste reservoirs. [4.4.2 - CU]
4.4.1. *Film as written

4.4.2. *Film as written

4.5. Next, turn on the cooling fan, connect the piezoceramic leads to the power amplifier [4.5.1 - CU] and set the function generator at the resonant frequency for the acoustic chip that is being used. [4.5.2 - CU]  Adjust the voltage set point on the function generator so that the RF amplifier outputs between 12 and 25 Volts peak to peak, as appropriate for the desired separation. [4.5.3 - CU]
4.5.1. *Film as written

4.5.2. *Film as written

4.5.3. *Film as written
[4.6 - 4.11 have been reordered and  rewritten.  The numbers corresponds to slating when recording the actions.  The order presented here (4.7, 4.8, 4.6, 4.9, 4.10, 4.11, 4.12,4.13,4.14, 4.15. 4.16) is the order in which they should appear in the video.]
4.7. Then, connect the appropriate collection vials and the buffer input vial to the system.  Use a sample buffer suitable for the cells or particles to be separated, or as required by the analysis assay to be used after separation.  [4.7.1 - CU]
4.7.1 Talent connects the buffer vial and collection vials to the system in the order listed.  Spread this out over ~15 seconds. 
4.8 Next, load the control software and use it to control the valves, flow sensors and pump to carry out the fully-automatic prime and separation routine.  [4.8.1 - SCREEN]
4.8.1 Screen capture video: Open both sample prime and fully automated separation routine. [4-8-1 LoadPrograms.mp4 full length]
4.6. Immediately before starting the separation procedure, vortex the sample vial briefly to re-suspend any particles that may have settled. [4.6.1 – CU] Alternatively, pipette the sample up and down 10 times to mix biological samples that are more susceptible to damage or clumping by vortexing. [4.6.2 – CU] Then, attach the sample vial to the input line and initiate the prime and separation routine without delay. [4.6.3 – CU 4.6.4-SCREEN]
4.6.1 *Film as written

4.6.2 *Film as written

4.6.3 *Film as written

4.6.4 Screen capture video maximizing prime routine and mouse clicking run on the sample prime routine: PrimeAllTime.mp4 0:00- 0:04
[The live shots and screen shots during 4.9-4.15 occur rather slowly, and by themselves are not very informative.  Therefore we envision showing the screen capture videos playing side-by-side to the live action shots to show the audience what the automated program is doing.  For steps 4.9-4.11 the screen captures are relatively uninformative, and can be made small.  See the power point 2015050710-ScriptWriterClarificationStep4.pptx for clarification about how we envision these steps. ]
4.9 Start by using the software to prime the air inlet of Valves 1 and 2 to ensure that the tubing contains no fluid.  [4.9.1 – SCREEN AND 4.9.2 - ECU]
4.9.1 The text in the “Current Step” box changes during this time. 4-9 to 4-11 ZoomInPrime.mp4 0:00- 0:27 (no change occurs in this time- video looks static) 
4.9.2 Air inlet is primed.
4.10 Simultaneously, prime the tubing connecting the buffer input vial to valve 2 and the sample input vial to valve 1.   Have the syringe pump withdraw approximately 15 µl from both vials to completely fill the tubing connecting them to the valves. [4.10.1 – CU, 4.10.2- SCREEN]
4.10.1 Close-up shot of the device pick up tubes during the above step

4.10.2 Screen capture of current step changing from [1 of 3] to [2 of 3]  4-9 to 4-11 ZoomInPrime.mp4 0:27- 0:41  (change from step 1 to step 2 occurs at 0:29)
4.11 Finally, switch valves 1 and 2 to expel any excess fluid or air that has entered the loading coil. [4.11.1 – CU, 4.11.2- SCREEN]
4.11.1*Film as written
4.11.2 Screen capture of current step changing from [2 of 3] to [3 of 3] 4-9 to 4-11 ZoomInPrime.mp4 00:41- END (change from step 2 to step 3 occurs at 0:42)
4.12. Next, set up the program to load the sample coil by first withdrawing 25 µl of air at 50 µl/min, then loading 250 µl of sample at 200 µl/min, followed by 35 µl of leading buffer at 200 µl/min, and finally another 25 µl of air at 50 µl/min. [4.12.1 – SCREEN shown at the same a time as 4.12.3- CU and then 4.12.2 – CU]
4.12.1. Screen capture video as talent sets up sample loading program maximizes sample separation program that was previously loaded in 4.8.1 and presses run 4-12-1 StartAutomationProg.mp4 (if necessary can remove 0:00-0:02 s)
4.12.2. Close-up of syringe pump and tubing to at the valve showing an air bubble moving through tubing, indicating sample being loaded. (Video Editor: Insert this video into the screen capture video so both are shown at once.)  
4.12.3.   Close-up of syringe pump.
4.13.  Then, set the syringe pumps to infuse the loaded fluid plugs at 100 µl/min [4.13.1 – 4.13.A ECU] and monitor the flow rates at the small and large particle outlets using flow sensors. [4.13.2 - LM SCREEN] The appropriate flow ratio can be determined as described in the accompanying text protocol.[4.13.3 - ECU] [SCREEN capture and Live Action shots are shown simultaneously on the screen]
4.13.1. Show valve indicators switching to the “infuse” position.
4.13.A syringe pump beginning infusion 
4.13.2. Figure 5b (Video Editor: Add the legend from Figure 5c. Show only the part of the graph from time 0 to time ~60 (just before the spike) by scanning it from left to right (have it appear as if it is in real time).) Screen capture of starting the infusion and flow sensor data increasing as fluid moves through the flow sensor 4-13-2 start infusion.mp4 0:20- End
4.13.3. Sample moving into and through the chip.
4.14. When the flow sensors detect a spike in flow rate, indicating passage of the first air gap, [4.14.1 – LM Screen] switch the corresponding output valve from the waste vial to a sample collection vial. [4.14.2 - ECU]
4.14.1. Figure 5b (Video Editor: Add the legend from Figure 5c and remove the inlay showing a closeup of the spike. Continue to scan the figure from left to right starting where it left off in 4.13.2 to just before the 2nd spikes (around 240s).) Screen: program showing the first spike in flow [4-14-1 first bubble train SPO.mp4 (00:45 –end) followed by 4-14-2 first bubble hits LPO.mp4]
4.14.2. Show valve indicators switching as described.\

4.14B Ensure that the flow is stable as the sample transits the chip [4.14B1 MED] and is separated, [4.14B2 LM] by observing the flow sensor readings [4.14B3 Screen]


4.14B 1 (MED) shot of sample and buffer moving through the sample coils into the valves and into the chip [This can be shown side by side with 4.14B2 and 4.14B3 since it takes a long time and isn’t very interesting.]

4.14B 2 (LM) 4-14-B-2 SampleSeparation.tif schematic of particles being separated inside the chip – flash image for a few seconds side by side 4.14B1 
4.14B 3 (Screen) switch to screen capture of program with recorded flow sensor data showing stable flow after the first air bubble [4-14 B flow between bubbles.mp4]
4.15. As the sample passes through the chip, the separated fractions are collected at the outlet valves. [4.15.1 - ECU]  At the end of the sample plug, observe the flow sensor detect the second air gap. [4.15.2 – LM SCREEN] At this point, switch the output valves back to waste. [4.15.3 - ECU] After the full volume is dispensed, stop the syringe pump infusion and terminate the automation routine. [4.15.4 – CU SCREEN]
4.15.1. Sample being collected in the output vials.

4.15.2. Figure 5b (Video Editor: Add the legend from Figure 5c. Continue to scan the figure from left to right starting where it left off in 4.14.1 till after the 2nd spikes.) Screen capture of program detecting second bubble [4-15-2 second bubble hits flow sensors.mp4]
4.15.3. Valve indicators as they are switched as described.

4.15.4. *Film as written Screen capture of user stopping the program as the flow rate goes to 0 [4-15-4 flow to 0 stop program.mp4]
4.16. After the separation experiment is complete, disconnect the small and large particle sample collection vials and store them appropriately for subsequent analysis.[4.16.1 - MED Over the Shoulder]
4.16.1. *Film as written
5. Automated Cleaning and Decontamination 

5.1. Secure the sample pickup tube in empty vials to collect excess cleaning solutions that will be flushed through the tubes. [5.1.1 - CU] Then, start the automated system cleaning routine as described in the accompanying text protocol.  [5.1.2 - SCREEN]
5.1.1.  *Film as written
5.1.2. Screen capture video of the above step loading the cleaning routine and pressing run 5-1-2 StartClean.mp4
5.2. During this process, the program will control the valves and syringe pump to sequentially load the holding coil with cleaning reagents, and flush them through the system.  [5.2.1 - SCREEN]
5.2.1. Screen capture video of the cleaning routine. 5-2-1 CleanRoutine.mp4
5.3. Once the automated cleaning and decontamination process completes, discard the excess flushing solutions and the vials in which they collected by following appropriate procedures for handling biological or chemical waste.[5.3.1 - MED]
5.3.1. Talent discards the excess flushing solutions and vials.

6. Results: Size Separation of Biological Particles using an Acoustic Microdevice  
6.1. Shown here is a representative frequency scan from a well coupled piezo and microfluidic device.  When the coupling between the piezo and microfluidic device is good, particles focus tightly at the resonant frequency, resulting in a clear peak in the fluorescent intensity and migration to the expected focusing position. [6.1.1 - LM]
6.1.1. Figure 3a (Video Editor: Add an arrow pointing to the red diamond in each of the graphs with the words “particles focus tightly at the resonant frequency”.)

6.2. In contrast, when there is poor coupling, particles will not focus well and the device is unsuitable when high-quality focusing or fast flow are critical for the required application.   [6.2.1 - LM]
6.2.1. Figure 3b

6.3. Each line on this graph represents separation results using various polystyrene particle sizes and piezo driving voltages.  In general, higher voltages are required to extract smaller particles.  Drive voltages cannot be indefinitely increased, however, due to greater heat dissipation and increasing effects of acoustic streaming.  [6.3.1 - LM]
6.3.1. Figure 6 (Video Editor: Highlight the x-axis with the words “various polystyrene particle sizes” and the Y-axis with the words “piezo driving voltages”.  Add an arrow to the red line with the words “higher voltages are required to extract smaller particles”.)
6.4. To demonstrate the utility of this platform for biological particle separation, [6.4.1 - LM] human Raji cells, with an average diameter of 8 to 10 µm, were spiked with dengue virus having an approximate diameter of 50 nm and then separated using the acoustic-microfludic device.  [6.4.2 - LM]
6.4.1. Figure 1c
6.4.2. Figure 7a (Highlight the left column with the words “human Raji cells” and the right column with the words “dengue virus”) 
7. Conclusion (said by authors on camera) 
7.1. Chao Huang: Once a system like this is assembled and programmed, separations can be routinely carried out in approximately five minutes.   Around 3 samples per hour can be processed with complete cleaning and decontamination between samples.  
7.2. Erika Fong: Following this procedure, other methods like cell counting, Western blotting, or next-generation sequencing can be performed in order to confirm the purity of the separation and elucidate biological significance. 
7.4 
Chao Huang: After watching this video, you should have a good understanding of how to fabricate a typical microfluidic separation device, use world-to-chip connections to interface with hardware, and run an automated separation procedure in a precise and robust fashion.
7.3 
Maxim Shusteff: Don't forget that working with infectious materials can be extremely hazardous and must only be carried out by properly trained personnel using the appropriate institutionally prescribed equipment and procedures for biological safety.    
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

Provided Media

2-2 to 2-7 CleanRoomFab.mvw- Lab media for steps 2.2 to 2.7, precise time stamps are noted in the script

4-3-1 Fluidic System.wmv- Lab media showing each component of the system

4-8-1 LoadPrograms.mp4- screen capture of user loading prime and separation programs

4-9 to 4-11 ZoomInPrime.mp4 - screen capture of priming routine occurring for steps 4.9.1,4.10.2,4.11.2 precise time stamps are noted in the script

4-12-1 StartAutomationProg.mp4- Screen capture as talent starts automation program- can be sped up

4-13-2 start infusion.mp4 – screen capture of starting the infusion and flow sensor data increasing, precise time stamps noted in script

4-14-1 first bubble train SPO.mp4- Screen capture can use only 00:45 –end

4-14-2 first bubble hits LPO.mp4- screen capture

4-14-B-2 SampleSeparation.tiff/14_B_2 LM schematic particles being separated.pptx- image of sample being separated, show on screen for few seconds before switching to 4.14B3

4-14 B flow between bubbles.mp4- screen capture of sample being separated

4-15-2 second bubble hits flow sensors.mp4- Screen capture of end of infusion

4-15-4 flow to 0 stop program.mp4- screen capture of ending the program

5-1-2 StartClean.mp4- screen capture of loading and starting the cleaning protocol

5-2-1 CleanRoutine.mp4- Screen capture program running first steps of clean routine can be sped up 
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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