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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) YES 


ii) Can you can record video of the microscope’s field of view using your own camera? (Y/N) YES

iii) Is the microscope’s field of view shown on a computer? (Y/N) YES  

vi) Please list make and model of your microscope(s):  VHX-2001, KEYENCE, JAPAN

Authors, for the steps marked  [LM/SCOPE] you will need to collect video footage from your camera connected to the microscope or collect video footage as a screen capture using software on your digital display of the field of view.  Please prepare an example of either.  
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) NO 
C.
Which steps of your protocol will viewers benefit most from having filmed?  

Videographer: the protocol is short.  All steps should be filmed with care and precision.
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?


4.5 (underlined in this document)
E.
i) Will the filming need to take place in multiple locations? (Y/N) NO
1. Introduction  

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

The overall goal of this procedure is to generate mono-dispersed water-in-oil micro-droplets for biological studies using a capillary-based, centrifugal, axisymmetric, co-flowing, microfluidic device.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Takinoue: This method can help produce monodispersed micro-droplets for the biochemical field to advance the study of protein synthesis, single-molecule PCR, cell encapsulation and simple modeling of living cells.
1.2. Takinoue: The main advantages of this technique are that it is easy and adjustable.  It requires less than a microliter of sample solution and can produce mono-dispersed micro-droplets of the required size.
1.3. Takinoue: Demonstrating the procedure will be Morita, a post doc from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Fabrication of a Capillary-based Microfluidic Device:  The Capillary Holders
2.1. The capillary-based microfluidic assembly begins with preparing the capillary holder.
2.1.1. Figure 2B, central image
2.2. Begin with milling four discs from 2-mm-thick polyacetal plastic plates using a milling machine.  The discs are used to form a column supported by rods and screws. 
2.2.1. Fig 2A – disc design
2.3. Using M2 screws, assemble the plates. [WID]
2.3.1. Establish the talent with the plates, screws, tools, at bench
2.4. First, from discs one and two, assemble the bottom of the holder. [ECU] Then, shorten the screws by cutting them in the threaded sections. [ECU]
2.4.1. Film as written

2.4.2. Fig 2B, top left image – show only if this adds further clarity to the video
2.4.3. Fig 2B, bottom left image – show only if this adds further clarity to the video
2.4.4. [moved from 2.6.1] Film as written, cutting screws
2.5. Connect three of the four holes to secure the two discs, making a 0.9-cm stack. [ECU]
2.5.1. Film as written, use ruler in shot to show dimension is 0.9 cm
2.6. [moved] Then, shorten the screws by cutting them in the threaded sections. [ECU]
2.6.1. [moved] Film as written, cutting screws

2.7. Similarly, assemble the top part of the holder from discs three and four. [CU]
2.7.1. Discs 3 and 4 and assembled
2.8. Use two of the holes in each plate to connect the plates. Make the stack 0.7 cm tall.  [ECU]
2.8.1. Film as written, use ruler in shot to show dimension is 0.7 cm
2.8.2. Fig 2B, top right image – show only if this adds further clarity to the video
2.8.3. Fig 2B, bottom right image – show only if this adds further clarity to the video
2.9. Now, use a long screw to join the empty two holes in the top part of the holder with the two empty holes in the bottom part of the holder. [CU]
2.9.1. Film as written
2.10. The long screw should put a gap between the holders that is about 2 to 3 millimeters [2.10.1-ECU] and the head of the screw should overhang the completed holder by about 2.2 centimeters. [2.10.2-ECU]
2.10.1. using ruler to measure 20-30 mm gap
2.10.2. using ruler to measure the overhang at 2.2 cm
3. Fabrication of a Capillary-based Microfluidic Device: The Glass Capillaries
3.1. Each experiment uses a new set of capillaries fabricated from two capillaries. [MED]
3.1.1. Establishing shot, talent removing capillaries from stock boxes 
3.2. From a 90-mm capillary make two inner capillaries, using a glass cutter. Make two equally-sized sections. [CU/TEXT]
3.2.1. Cutting a 90 mm capillary in half, TEXT: 1.0 mm o.d., 0.6 mm i.d.
3.3. From a 150-mm capillary make three inner capillary sections. [3.3.1-CU/TEXT] 
3.3.1. Cutting a 150 mm capillary into three pieces, TEXT: 2.0 mm o.d., 1.12 mm i.d.
3.4. Next, using a glass puller, sharpen each capillary section. [MED]
3.4.1. Loading a capillary into puller
3.5. Set the puller weight to its maximum and set the heat level to 60-70 degrees [3.5.1-CU] for the outer capillary or to 70-80 degrees for the inner capillary.  Then, carefully sharpen the glass. [3.5.2-CU]
3.5.1. Dialing in puller settings
3.5.2. Pulling a capillary to a sharp point and replacing it with an un-pulled capillary
3.6. Keep the length of the constricted parts of the capillaries within the advised limits. [LM] 
3.6.1. Fig 3C
3.7. If the length of the tips is too long or short, [3.7.1-ECU] adjust the heating element until the correct length is achieved. [3.7.2-MED]
3.7.1. A capillary that is too long or short
3.7.2. Adjusting puller settings and pulling next capillary
3.8. Now, prepare to cut the tips. [CU]
3.8.1. All the capillaries for experiment, pulled and ready to cut, talent picks one up
3.9. First, use some clear tape to secure a capillary to a microscope stage.  Overhang the tip under the objective. [CU]
3.9.1. Taping the capillary to stage, adjusting position below the objective
3.10. Second, using a platinum wire covered by glass beads, [3.10.1-CU] cut the tip off in three steps.  First put the capillary where the break should occur in contact with a cold bead. Second, heat the wire for one to two seconds, then, third, cut the tip off by cooling the platinum wire. [3.10.2-LM/SCOPE]
3.10.1. Talent prepares to use the wire
3.10.2. Using screen capture software, collect a SCOPE shot with all three described steps

3.11. This operation should be performed using a foot-pedal control to heat the wire. [MED]
3.11.1. Pan from scope down to foot pedal, talent at work using both
3.12. Now, using a Microforge, adjust the diameters of the capillary orifices. [ECU]
3.12.1. Using the Microforge to adjust the capillary orifices
3.13. For the three inner capillaries, make orifices having diameters of five, ten and twenty microns. [LM/SCOPE]
3.13.1. Using screen capture software, collect a SCOPE shot of the described steps
3.14. For the two outer glass capillaries, make their orifices sixty microns. [LM/SCOPE]
3.14.1. Using screen capture software, collect a SCOPE shot of the described step
4. Generating Water/Oil Microdroplets
4.1. To generate the microdroplets, first fill an outer glass capillary [4.1.1-WID] with an oil containing surfactant, such as hexadecane containing 2% sorbitan mono-oleate by weight. [4.1.2-CU] Load 10 µL of the solution into the capillary. [4.1.3-ECU]

4.1.1. Establishing shot, show talent working at bench

4.1.2. Taking an aliquot of oil

4.1.3. Ejecting aliquot of oil into capillary
4.2. Then, secure the loaded capillary to the bottom part of the holder. [ECU]
4.2.1. Film as written
4.3. Next, using capillary action, load about 0.1 µL of aqueous solution [4.3.1-CU] into an inner glass capillary. [4.3.2-ECU]
4.3.1. Loading the inner capillary
4.3.2. inner capillary loaded with 0.1 µL of solution, in detail 
4.4. Position the loaded inner capillary in the upper part of the holder. [ECU]
4.4.1. Film as written
4.4.2. Fig 4D panel A – use figure if it helps clarify the procedure
4.5. Now, insert the inner capillary across the holder and into the outer capillary. [ECU]
4.5.1. Film as written
4.6. While observing the tip through a microscope, [4.6.1-MED] turn the long screw of the holder to slowly and carefully advance in the inner capillary into the outer capillary.  Advance the inner capillary to where the outer capillary’s diameter is between 100 and 150 microns. [4.6.2-LM/SCOPE]
4.6.1. Setting up to use the microscope for this step
4.6.2. Using screen capture software, collect a SCOPE shot of the described step
4.7. Now, introduce 100 microliters of the same oil with surfactant [4.7.1-MED] into the bottom of a 1.5 mL microtube. This will serve as a microdroplet collection tube. [4.7.2-CU]
4.7.1. Taking aliquot of oil with surfactant
4.7.2. Ejecting oil with surfactant into 1.5 mL tube
4.8. Carefully, position the holder and capillaries into the loaded microtube.
4.9. Make sure the outer capillary is not in contact with the solution in the microtube. [LM/SCOPE]
4.9.1. Using screen capture software, collect a SCOPE shot of the described step
4.9.2. Fig4E(b) – use figure if it helps clarify the procedure
4.10. Then, load the tube into a table-top, swing-out-type centrifuge. [MED]

4.10.1. Film as written
4.11. To generate the microdroplets, run the centrifuge at sixteen hundred times gravity for one or two seconds. [MED]
4.11.1. Loading and programming the centrifuge then pulsing the short cycle and unloading the centrifuge
4.12. Then, remove the capillaries and holder from the tube [4.12.1-ECU] and take an aliquot of the water-oil microdroplets collected in the tube. [4.12.2-CU]
4.12.1. Removing capillaries and holder
4.12.2. Aspirating a sample solution aliquot
4.13. Eject the microdroplets onto a glass slide and image them for analysis. [CU]
4.13.1. ejecting some/all of sample aliquot onto slide
5. Results: Typical W/O Microdroplets 
5.1. Using this protocol, various water-oil microdroplets were made from hexadecane containing 2% sorbitan mono-oleate.  Droplets made using an inner pipette with an orifice diameter of five microns were measured to be 8.3 microns in diameter on average.
5.1.1. Fig 5A
5.1.2. Fig 5B – when the diameter is mentioned in the narrative, fade this chart over the other figure (white areas should be translucent), and fade out the other figure at the same time as needed to maximize contrast.
5.2. Droplets made using an inner pipette with an orifice diameter of ten microns were measured to be 12.7 microns in diameter on average.
5.2.1. Fig 5C
5.2.2. Fig 5D – when the diameter is mentioned in the narrative, fade this chart over the other figure (white areas should be translucent), and fade out the other figure at the same time as needed to maximize contrast.
5.3. Droplets made using an inner pipette with a twenty microns orifice were about 17.9 microns in diameter.
5.3.1. Fig 5E
5.3.2. Fig 5F – when the diameter is mentioned in the narrative, fade this chart over the other figure (white areas should be translucent), and fade out the other figure at the same time as needed to maximize contrast.
5.4. Thus, this method produces mono-dispersed microdroplets that have a diameter close to the size of the inner capillary orifice.
5.4.1. Fig 5G
6. Conclusion (said by authors on camera)
6.1. Onoe: After watching this video, you should have a good understanding of how to produce and control the size of monodispersed water-in-oil microdroplets for quantitative chemical experiments.
6.2. Onoe: Once mastered, this technique can be done in five to ten minutes if it is performed properly.
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:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

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.

( 2015, Journal of Visualized Experiments


