APPROVED FILMING SHOTLIST

Submission ID #: 58296
Editor Name: Brigid Stadinski
Videographer name: Karl Knudsen
Film Date: 07/09/2018
Link: http://www.jove.com/files_upload.php?src=17780328
Authors and Affiliations: 

Edward R. Polanco1, Nicholas Western1, Thomas A. Zangle1,2
1Department of Chemical Engineering, University of Utah, Salt Lake City, Utah, USA

2Huntsman Cancer Institute, University of Utah, Salt Lake City, Utah, USA

Title: Fabrication of Refractive-index-matched Devices for Biomedical Microfluidics

Corresponding Author: 

Thomas A. Zangle
(tzangle@chemeng.utah.edu)
Co-authors:

Edward R. Polanco
(eddie.polanco@utah.edu)

Nicholas Western
(nickrickswestern@gmail.com)

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___2.4, 2.16, 2.19, 2.20, 2.21________________________________________
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.) ___2.21: To ensure success we make sure the holes are unobstructed when sealing the device________________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Thomas Zangle: This method can help address an important challenge in combining microscopy with microfluidics by enabling refractive index matching between the microchannel structure and aqueous media inside the channel [1-MED]. 
1.1.1. Thomas speaks towards the camera (looking slightly off-camera), interview style.
1.2. Thomas Zangle: The main advantage of this technique is that it is compatible with fabrication methods commonly used to create microfluidic devices [1-MED].
1.2.1. Thomas speaks towards the camera (looking slightly off-camera), interview style.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Nicholas Western: Another key advantage of our approach is the method used for sealing microchannels made of materials with low adhesion, which is a common problem among low refractive index polymers [1-MED].
1.3.1. Nicholas speaks towards the camera (looking slightly off-camera), interview style.
1.4. Edward Polanco: Visual demonstration of this method is crucial as the steps to seal the channel can be difficult to get right.  For example, it is important that reservoirs are unobstructed during clamping [1-MED].
1.4.1. Edward speaks towards the camera (looking slightly off-camera), interview style.

Authors, Edwards’s statement was edited to meet the 30 word limit of the intro statements.  Also, he covers this in the protocol, so I think the information is still be emphasized.

Protocol: (read by voice talent at JoVE)
2. Fabrication of the MY133 Microchannel
2.1. Begin this procedure with fabrication of polydimethylsiloxane, or PDMS, negative as described in the text protocol [1-MED-over the shoulder].  
2.1.1. Talent pulls the prepared PDMS negative out of the glass vacuum chamber.
2.2. Then, fill the PDMS negative with 400 microliters of MY133-V2000 (pronounced as “M-Y-one thirty three-V-two thousand”) [1-CU].  The negative must be slightly overfilled [2-ECU].
2.2.1. PDMS negative as talent fills it with 400 microliters of MY133-V2000.  Continue action in next shot.
2.2.2. Top of PDMS negative as talent finishes filling so that the meniscus protrudes from the top.
2.3. Place the MY133-V2000-filled PDMS negative into the vacuum chamber for 2 hours to remove any bubbles [1-MED].
2.3.1. Talent places the MY133-V2000-filled PDMS negative into the vacuum chamber.
2.4. After removing the MY133-V2000 from the vacuum chamber, press a glass slide against the top of the slightly overfilled negative [1-MED-over the shoulder] to create a flat surface of MY133-V2000 and to prevent oxygen from inhibiting polymerization [2-CU].
2.4.1. Talent motions to press a glass slide against the top of the meniscus.  Continue action in next shot. 
2.4.2. Glass slide as talent presses it against the top of the meniscus slightly overfilled negative.
2.5. Next, insert the MY133-V2000 into a UV oven and set the UV radiation to 50% of the maximum intensity for 5 minutes to cure the microchannel [1-MED-over the shoulder].  This is a power of approximately 4.5 Joules per square centimeter, roughly double the minimum curing power recommended by the manufacturer [2-CU].
2.5.1. Talent inserts the MY133-V2000 into the UV oven closes door and motions to set the UV radiation.
2.5.2. Display on the oven as talent sets the UV radiation to 4.5 Joules per square centimeter for 5 min 300 s. 
2.6. After cutting the acrylic as described in the text protocol, place two small drops on the edges of the acrylic and then use a disposable tool to evenly spread the glue. Place the glass substrate onto the acrylic and allow the glue to dry using the weight of the glass to hold it in place [1-MED-over the shoulder].
2.6.1. Talent attaches the base layer of the acrylic to the glass substrate using an adhesive. 
(Editor: The authors completely deleted 2.7, but I’ve recovered it to retain the original shotlist numbering. I’m unsure of how things after this are slated)
2.7.  [1-CU] [2-MED or MED-over the shoulder].
2.7.1. Acrylic as talent places two small drops of the edges and then uses a disposable tool to evenly spread the glue.
2.7.2. Talent places the glass substrate onto the acrylic.
2.8. Coat the exposed glass with 100 microliters of PDMS using a positive displacement pipette [1-CU].  Then, insert the base layer into a vacuum spin coater to evenly coat the glass with a PDMS film approximately 10 micrometers thick [2-MED-over the shoulder] using a speed of 1,500 rpm for 2 minutes [2-MED-over the shoulder] [3-CU].
2.8.1. Exposed glass as talent coats with 100 microliters of PDMS using a positive displacement pipette.
2.8.2. Talent inserts the base layer into a vacuum spin coater and sets it to 1500 rpm.
2.8.3. [Added Shot]: Close up of spin coater spinning at 1500 RPM 

2.9. Remove the base layer from the spin coater… [1-MED] and carefully wipe away any excess PDMS that coated the acrylic with acetone and paper towel.  Be careful not to disturb the uncured PDMS [2-CU].
2.9.1. Talent removes the base layer from the spin coater.
2.9.2. Base layer as talent wipes away any excess PDMS that coated the acrylic with acetone and paper towel.
2.10. Now, bake the base layer with the PDMS in an oven at 65 degrees Celsius for 2 hours to cure the PDMS [1-MED-over the shoulder].
2.10.1. Talent places the base layer with the PDMS into the 65 degree Celsius oven.
2.11. Pipette 1 milliliter of PDMS onto a glass slide and, then, use another glass slide to evenly spread the PDMS until it starts to ooze out the sides [1-CU].  Cure this on a hot plate at 150 degrees Celsius for 10 minutes [2-MED].
2.11.1. Glass slide as talent pipettes 1 mL of PDMS there and then uses another glass slide to evenly spread the PDMS until it starts to ooze out of the sides.
2.11.2. Talent places the glass slide onto the hot plate.
2.12. Cut the cured PDMS into a rectangle with the same dimensions as the MY133-V2000 device [1-CU].  Then, using the mid-layer of the acrylic as a mold, punch holes for the reservoir and cut a square viewing window in the PDMS to make the PDMS gasket [2-MED-over the shoulder].
2.12.1. Cured PDMS as talent cuts it into a rectangle with the same dimensions as the MY133-V2000 device.
2.12.2. Talent uses the mid-layer of the acrylic as a mold to punch holes for the reservoir and cut a square viewing window in the PDMS to make the PDMS gasket.
(Editor: The authors made significant edits in the following steps – I’m noting most of it as “new” because they edited then re-edited these steps)
2.13. Now, remove the cured MY133-V2000 from the UV oven, [1-MED] and remove the channel from the negative and place it onto the flat substrate for the plasma cleaner [2-MED- over the shoulder]. Also remove the base layer containing the cured PDMS from the 65 degree oven [3-MED] and place the it onto the substrate [4-MED- over the shoulder]. Then place both the MY133-V2000 channel and the base layer into the oxygen plasma cleaner [5-MED]. 
2.13.1. [Added Shot]: Talent removes cured MY133-V2000 from UV oven
2.13.2. Talent removes MY133-V2000 from negative and places on flat substrate
2.13.3. [Added Shot]: Talent removes base layer from 65 degree oven
2.13.4. [Added Shot]: Talent places base layer onto flat substrate
2.13.5. Talent places the acrylic base layer containing the cured PDMS substrate alongside the MY133-V2000 channel in the oxygen plasma cleaner
2.14. Set the vacuum pressure to 200 milliTorr and the radiofrequency level to high Proceed to surface-treat the channel and glass substrate for 30 seconds [1-MED-over the shoulder]. The oxygen plasma should glow blue when the plasma cleaner is switched on [2-MED or CU].
2.14.1. [Added Shot]: Talent sets the vacuum pressure to 200 milliTorr and the radiofrequency level to high and starts for 30 seconds.
2.14.2. Window of plasma treater when switched on, showing glowing plasma inside
2.15. After 30 seconds of plasma treatment, remove both the microchannel and the base layer from the plasma cleaner [1-MED]. Using forceps, immediately place the MY133-V2000 channel side-down in the rectangular cutout of the base layer acrylic such that it contacts the PDMS [1 2-CU or MED-over the shoulder].
2.15.1. [Added Shot]: Talent removes channel and base layer from plasma cleaner
2.15.2. MY133-V2000 as talent places channel side-down in the rectangular cutout of the base layer acrylic such that the MY133-V2000 contacts the PDMS. 
2.16. Now, place the PDMS gasket on top of the MY133-V2000 device, lining up the holes in the gasket with the reservoirs in the device [1-ECU].
2.16.1. MY133-V2000 device as talent places the PDMS gasket on top and lines up the holes in the gasket with the reservoirs in the device.
2.17. Edward Polanco: The use of this PDMS gasket is crucial because PDMS is more elastic than MY133-V2000, and can therefore be compressed more.  This allows the force to be transferred from the acrylic to the microchannel without breaking the glass [1-MED].
2.17.1. Edward speaks towards the camera (looking slightly off-camera), interview style.
2.18. At this point, place the unfinished device on a raised platform above the bench, to provide a clamping surface for device assembly [1-MED-over the shoulder].
2.18.1. Talent places the unfinished device on the bench using a piece of aluminum foil.
(Author Comment: Please use take 2 for shot 2.18.1. Shots 2.18-2.20 were re-shot with a black aluminum foil base for better contrast.)
2.19. Then, extract 3 milliliters of acrylic cement using a syringe [1-MED].  Distribute enough acrylic cement on top of the base layer to provide a thin coating [2-CU].  Make the coat as even as possible and do not let the material seep into the channel [3-ECU].
2.19.1. Talent extracts 3 mL of acrylic cement using a syringe. (Author Comment: Please use take 2 for shot 2.19.1)
2.19.2. Base layer as talent distributes a thin layer there.  Continue action in next shot. (Author Comment: Please use take 3 for shot 2.19.2)
2.19.3. Thin layer as talent continues to distribute it as thin as possible.
(Author Comment:  Please use take 3 for shot 2.19.3)
2.20. Now, place the mid-layer acrylic piece on top of the base layer acrylic [1-MED-over the shoulder].  Make sure that the holes line up with the reservoirs of the MY133-V2000 channel [2-CU].
2.20.1. Talent places the mid-layer acrylic piece on top of the base layer acrylic. (Author Comment: Please use take 2 for shot 2.20.1)
2.20.2. Holes as talent ensures that they line up with the reservoirs. (Author Comment: Please use take 2 for shot 2.20.2)
2.21. Clamp the mid-layer down onto the base layer as tightly as possible and hold it for 2 minutes while the cement hardens, to bond the pieces of acrylic together [1-MED].  Ensure that the reservoirs are not obstructed during this step to prevent air from being trapped underneath the MY133-V2000 device [2-CU].  
2.21.1. Talent presses the mid-layer down onto the base layer and begins to clamp them together.  Continue action in next shot.
2.21.2. Mid-layer and base-layer as talent clamps together – leaving reservoirs unobstructed.  
2.22. Edward Polanco: Air trapped between the MY133-V2000 and the substrate will remain trapped if the reservoirs are obstructed.  This will cause leaks in the finished device.  Therefore, it is critical that the holes are not obstructed during this step [1-MED].
2.22.1. Edward speaks towards the camera (looking slightly off-camera), interview style.
2.23. After the cement hardens, remove the pressure from the device [1-MED].  Place the acrylic cement on the mid-layer in the locations of anticipated contact with the top layer of the acrylic [2-ECU].
2.23.1. Talent removes the pressure.
2.23.2. Mid-layer as talent places the acrylic cement on the in the locations of anticipated contact with the top layer of the acrylic.
2.24. Now, place the top layer of the acrylic on the mid-layer piece of the acrylic, ensuring that the holes are aligned with the reservoirs [1-CU].  Allow it rest on the bench for 2 minutes while the acrylic cement dries [2-MED-over the shoulder].
2.24.1. Mid-layer as talent places the top-layer there and lines up the holes and reservoirs.
2.24.2. Talent starts a timer to count down from 2 minutes and leaves it next to the layers.
3. Testing and Use of the MY133-V2000 Device
3.1. Test the MY133-V2000 device by adding 10 microliters of food dye or deionized water into one of the reservoir holes to test for the adhesion and flow [1-CU].
3.1.1. Reservoir holes as talent adds 10 microliters of food dye there.
3.2. Insert a tube into the reservoir and connect the other end to a vacuum trap [1-MED-over the shoulder-TXT].  Turn the vacuum on to pull the dye or water through the channel to ensure that a successful device was created [2-CU].
3.2.1. Talent inserts a tube into the reservoir and connects the other end to a vacuum trap.  TEXT Overlay: O.D = 1/8 in
3.2.2. Tube/channel as talent turns the vacuum on to pull the dye through the channel.
3.3. Check under a microscope to verify that there are no leaks in the channel or reservoir [1-MED].  Using the vacuum, remove the dye from both reservoirs. Then, rinse the reservoirs with ethanol.  [2-CU].
3.3.1. Talent checks under the microscope for leaks in the channel and reservoir.
3.3.2. Reservoir as talent fills rinses it with ethanol.  
3.4. Place the ethanol in one reservoir, pull the ethanol through using the vacuum. Allow the ethanol to sit at room temperature for 10 minutes. [1-MED-over the shoulder]. 
3.4.1. Talent uses the vacuum to pull the ethanol through
3.5. Spray the channel thoroughly with ethanol and put it into a sterile polystyrene dish [1-MED].  Wrap it tightly with parafilm and store it in a sterile environment until needed [2-CU-TXT].  
3.5.1. Talent sprays the channel with 70% ethanol and puts it into a sterile polystyrene dish.
3.5.2. Device in dish as talent wraps it tightly with parafilm.  TEXT Overlay: See text for plating cells in the device
4. Results: Few if any Artifacts are Observed Near the Microchannel-Solution Interface With or Without Cells in Close Proximity to the Channel Wall
4.1. The heatmap shown here represents the mass of five adherent MCF7 cells in a microchannel [1-LM].  Few artifacts are visible near the walls of the microchannel [2-LM].
4.1.1. 58296_Zangle_Figure3c.tif
4.1.2. 58296_Zangle_Figure3c.tif – Editors, if possible, emphasize the 5 cells on the right side of the figure.
4.2. In this measurement, a single adherent MCF7 cell can be seen on the edge of the microchannel next to the wall [1-LM]. The lack of artifacts near the wall allows precise quantitative measurements to be obtained even when cells are in close proximity to the channel wall [2-LM].
4.2.1. 58296_Zangle_Figure3b.tif – Editors, if possible, emphasize the cell on the left side of the figure.
4.2.2. 58296_Zangle_Figure3b.tif

4.3. This final figure shows a pair of MCF7 cells seated near the microchannel wall [1-LM].  The mass of these cells at each pixel can be precisely measured using quantitative phase microscopy [2-LM].
4.3.1. 58296_Zangle_Figure3a.tif – Editors, if possible, emphasize the two cells on the left side of the figure.
4.3.2. 58296_Zangle_Figure3a.tif

Authors, please note I switched 3b and 3a to correlate with the files that were uploaded to the website.
5. Conclusion (said by authors on camera)
5.1. Edward Polanco: While following this protocol, it’s important not to obstruct the reservoirs when clamping the device while the acrylic cement dries.  Obstructing the holes traps air between the MY133-V2000 and the substrate.  This will cause the channel to leak during flow [1-MED]/[2-MED-over the shoulder]. 

5.1.1. Edward speaks towards the camera (looking slightly off-camera), interview style.

5.1.2. Shot 2.21.2 can be used as the visual, and 5.1.1 as the audio.
5.2. Edward Polanco: The use of MY133-V2000 as a fabrication material for microfluidic devices provides a distinct advantage over traditional materials by greatly reducing artifacts near microchannel walls. This allows quantitative measurements to be made in close proximity to microchannel structures [1-MED].

5.2.1. Edward speaks towards the camera (looking slightly off-camera), interview style.
5.3. Thomas Zangle:  Devices made with this protocol are compatible with any commonly used microscopy technique. This protocol is based on soft lithography, so it is compatible with other advanced microfluidic techniques such as cell sorters or gradient generators for studying cell behavior [1-MED]. 
5.3.1. Thomas speaks towards the camera (looking slightly off-camera), interview style.
5.4. Thomas Zangle: Overall, this technique arms researchers with a new tool for biomedical microfluidic assays based on microscopy. The extra precision it grants to quantitative measurements in microchannels has important applications in many fields including drug discovery and single-cell analysis [1-MED].   
5.4.1. Thomas speaks towards the camera (looking slightly off-camera), interview style.
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.

58296_Zangle_Figure3b.tif – Quantitative phase mass measurement of a single adherent MCF7 cell in a microchannel at 48x
58296_Zangle_Figure3a.tif - Quantitative phase mass measurement of MCF7 cells adherent near a microchannel wall in a microchannel at 48x
58296_Zangle_Figure3c.tif - Quantitative phase mass measurement of MCF7 cells in a microchannel at 48x
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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