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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)___Yes – 2.5.3,  2.8.3, and 4.2.1
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? Please list 4-6 individual steps using the step numbers listed in this document.   _2.5, 4.1, 5.2, 6.4, 6.5  
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.  2.5, 5.2 
E.  Will the filming need to take place in multiple locations? (Y/N) __No
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 demonstrate a simple application of droplet microfluidic fluorescence detection using optical fibers. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Russell Cole: This method can help answer key questions in high throughput biological screening, such as the identification of rare phenotypes and the directed evolution of enzymes.
1.2. Russell Cole: The main advantage of this technique is that it allows for a simple and inexpensive application of fluorescence detection of droplet microfluidics.    
Protocol (read by voice talent at JoVE):  
2. Master Fabrication

2.1. To begin, place a pre-cleaned 3 inch diameter silicon wafer onto the vacuum chuck of a spin coater. [2.1.1 – MED] Then, apply 1 mL of SU8-3050 (pronounced S-U-8 thirty-fifty) in the center of the wafer and spin the wafer to provide a layer of photoresist that is 80 μm thick. [2.1.2 – CU - TXT]
2.1.1. *Film as written

2.1.2. *Film as written (TEXT: 20 sec @ 500 rpm, 30 sec @ 1750 rpm)
2.2. Remove the coated wafer from the spin coater and place it on a hotplate preheated to 135 °C.  [2.2.1 – MED] After 30 minutes, remove the wafer and allow it to cool back to room temperature. [2.2.2 – CU]
2.2.1. *Film as written

2.2.2. *Film as written

2.3. Next, place the wafer onto a flat surface and align the first layer mask onto the wafer [2.3.1 – CU]. Expose the wafer under a collimated 190 mW, 365 nm LED for 3 minutes. [2.3.1.1 – CU – TXTx2] After exposure, place the wafer on a 135 °C hotplate for 1 minute and then allow it to cool back to room temperature. [2.3.2 – MED]
2.3.1. *Film as written 
2.3.1.1. [split shot] *Film as written (TEXT: 190 mW, 365 nm, 3 min) (TEXT: See accompanying text protocol for mask details)

2.3.2. *Film as written

2.4. Once cool, place the wafer back onto the spin coater and affix it to the chuck. [2.4.1 – MED] Apply an additional milliliter of SU8-3050 in the center of the wafer and spin for 20 seconds at 500 rpm followed by 30 seconds at 5000 rpm. [2.4.2 – MED - TXT]
2.4.1. *Film as written

2.4.2.  *Film as written (TEXT: Additional layer of ~40 μm) 

2.5. Next, bake the wafer on a hotplate.  [2.5.1 – MED - TXT] Allow it to cool back to room temperature and then place it back onto the mask alignment surface. [2.5.2 – CU] Use a dissecting scope to manually align the 2nd layer mask with the patterned alignment marks on the wafer. [2.5.3 – SCOPE]
2.5.1. Talent places wafer onto the hotplate. (TEXT: 135°C, 30 minutes)

2.5.2. Talent places cooled wafer onto the mask alignment surface.

2.5.3. *Film as written

2.6. Once properly aligned, expose the coated wafer for 4 1/2 minutes using the same conditions as before. [2.6.1 – CU]
2.6.1. Talent exposes sample to UV light

2.7. After exposure, place the wafer onto a hotplate at 135°C for 1 minute. [2.7.1 – MED] Then, cool the wafer and affix it back onto the spin coater. Apply 1 mL of SU8-3050 to the wafer for a third time and spin to add an additional 100 μm of photoresist. [2.7.2 – MED - TXT]
2.7.1. *Film as written

2.7.2. Talent affixes wafer, adds photoresist, and spins the wafer. (TEXT: 20 sec, 500 rpm; 30 sec, 1000 rpm) (Video Editor: Add txt when spin starts.)
2.8. Remove the wafer and bake on a 135 °C hotplate for 30 minutes.  [2.8.1 – MED] Then, cool it to room temperature and place it onto the alignment surface. [2.8.2 – CU] Align the third layer mask with the previous geometry [2.8.3 – SCOPE] and expose the coated wafer using the previous conditions for 9 minutes.[2.8.4 – CU - TXT]
2.8.1. *Film as written

2.8.2.  *Film as written

2.8.3.  *Film as written

2.8.4.  Talent exposes surface to UV light. (TEXT: 190 mW, 365 nm) 
2.9. After exposure, place the wafer onto a 135 °C hotplate for 1 minute and then cool it to room temperature. [2.9.1 – MED] Once cool, develop the masks by immersing the wafer in a stirred bath of developer for 30 minutes. [2.9.2 – MED – TXT]
2.9.1. With wafer on the hotplate, talent removes the wafer and sets it aside to cool.

2.9.2.  *Film as written (TEXT: Developer: Propylene glycol monomethyl ether acetate)

2.10. Finally, wash the wafer in isopropanol and then bake it one last time for 1 minute on a hotplate at 135°C. [2.10.1 – MED] Store the developed master in a 100 mm petri dish until molding. [2.10.2 – MED]
2.10.1. *Film as written

2.10.2. Talent places the master into the petri dish and closes the lid.
3. PDMS Device Fabrication

3.1. Prepare a 10 to 1 mixture of PDMS by combining 50 g of silicone base with 5 g of curing agent in a plastic cup. Mix the contents with a rotary tool and then [3.1.1 – MED Over the Shoulder] degas the mixture inside a desiccator for 30 minutes, or until all of the air bubbles are removed.[3.1.2 – CU]
3.1.1. Talent adds components to the cup and then mixes them using the rotary tool.

3.1.2. Talent places the mixture inside a desiccator.
3.2. Pour the degassed PDMS over the prepared master to give a thickness of 3 mm.  [3.2.1 – CU] Then, place the petri dish back into the desiccator for further degassing. [3.2.2 – MED] Once all bubbles are removed, bake the device at 80°C for 80 minutes.[3.2.3 – MED]
3.2.1. *Film as written

3.2.2. *Film as written

3.2.3. *Film as written

3.3. Once cooled, cut the device from the mold using a scalpel so that both the 120 μm and 220 μm tall geometries are accessible from the side of the device. Then, punch the fluidic inlets and outlets with a 0.75 mm biopsy punch. [3.3.1 – CU/ECU]
3.3.1. Talent cuts the device with a scalpel and then punches the fluidic inlets using a biopsy punch.
3.4. Plasma treat the device, with feature side up, along with a pre-cleaned glass slide at 1 mbar oxygen plasma for 20 seconds in a 300 W plasma cleaner. [3.4.1 – MED/CU – TXT]
3.4.1. Talent turns on plasma chamber with the items already inside to produce the characteristic “glow”. (TEXT: Glass Slide: 2” x 3”)
3.5. Bond the device by firmly placing the patterned side of the PDMS device onto the plasma-treated side of the glass slide. [3.5.1 – CU] Then, place the device in an 80°C oven and bake the assembled device for 40 minutes.[3.5.2 – MED]
3.5.1. *Film as written

3.5.2. *Film as written

3.6. Once baked, use a syringe to flush the device with a fluorinated surface treatment fluid to render the channels hydrophobic.  [3.6.1 – CU] Then, immediately bake the device at 80°C for 10 minutes to evaporate the solvent.  [3.6.2 – MED]
3.6.1. *Film as written

3.6.2. Talent places the device at 80°C
4. Preparation of Optical Components

4.1. Prepare 2 laser excitation fibers by removing the insulation from the last 5 mm of the optical fibers. [4.1.1 – CU - TXT] Also, prepare the fiber for collecting the fluorescence signal by removing the insulation from the last 5 mm of a larger optical fiber.[4.1.2 – CU - TXT]
4.1.1. *Film as written (TEXT: 105 μm core, 125 μm cladding, NA = 0.22)
4.1.2. *Film as written (TEXT:200 μm core, 225 μm cladding, NA = 0.39)
4.2. Inspect the tips of all the fibers under a microscope. [4.2.1 – SCOPE] If the tips do not end in a flat surface, re-cleave the ends with a fiber scribe.[4.2.2 – ECU]
4.2.1. *Film as written (show fibers with both flat and jagged ends)

4.2.2. Talent re-cleaves a fiber.

4.3. Next, attach a laser fiber coupler to a 50 mW, 405 nm laser and attach one of the 105 μm core fibers to the laser. [4.3.1 – CU] Direct the stripped end at the sensor of a laser power meter, and use the fine adjustments of the laser coupler to maximize the laser power. [4.3.2 – CU]
4.3.1. *Film as written

4.3.2. *Film as written

4.4. Perform the same process to tune the other fiber using a 50 mW, 473 nm laser. [4.4.1 – CU]
4.4.1. *Film as written

4.5. Then, mount a quad bandpass filter on the photomultiplier tube using lens tubes to block the laser light and transmit emitted fluorescence.[4.5.1 – MED - TXT] Attach a fiber coupler so that light travels through the filters before hitting the photomultiplier tube.[4.5.2 – CU] 
4.5.1. *Film as written (TEXT: Bandpass filter: 446/510/581/703 nm)
4.5.2. *Film as written

4.6. Next, attach the collecting fiber to the fiber coupler.[4.6.1 – CU]
4.6.1. *Film as written

5. Optical Fiber Insertion

5.1. Place the fabricated microfluidic chip onto the stage of an inverted microscope coupled with a digital camera capable of at least 100 μs shutter speeds. [5.1.1 - MED]
5.1.1. *Film as written

5.2. Working carefully from the side, insert the fiber coupled to the 473 nm laser into the farthest upstream 120 μm channel.  [5.2.1 - CU] Take care not to puncture through to the main flow channel. [5.2.2 - ECU]
5.2.1. *Film as written

5.2.2. *Film as written

5.3. Then, insert the fiber coupled to the 405 nm laser into the farthest downstream 120 μm high side channel, providing fiber spacing of 300 μm. [5.3.1 - ECU]
5.3.1. *Film as written

5.4. Lastly, insert the larger photomultiplier tube coupled fiber into the 220 μm tall channel normal to the two laser excitation fibers. [5.4.1 - ECU]
5.4.1. *Film as written

6. Fluorescence Detection of Mixed Emulsions

6.1. Fill a 5 mL syringe filled with HFE 7500 containing 2% ionic fluorosurfactant [6.1.1 - CU] and mount it to the spacer oil inlet of the detection device using PE-2 tubing. [6.1.2 - CU]
6.1.1. *Film as written

6.1.2. *Film as written

6.2. Next, fill a syringe with a mixed FITC (pronounced: Fit-C) and blue dye emulsion [6.2.1 - CU] and mount it on a vertically oriented syringe pump coupled to the device’s droplet reinjection inlet using PE-2 tubing. [6.2.2 - MED]
6.2.1. *Film as written

6.2.2. *Film as written

6.3. Connect a length of PE-2 tubing from the device exit to a waste container. [6.3.1 -CU] Then, prime the device by running each of the pumps at 1000 μL/hr [6.3.2 - MED] until both oil and droplets are seen to be regularly combining in the device and flowing downstream. [6.3.3 - LM]
6.3.1. *Film as written

6.3.2. Talent turns on syringe pumps at the speeds listed.

6.3.3. Author provided video showing the droplets combining during priming.

6.4. Adjust the flow rates such that the spacer oil runs at 6000 μL/hr and the droplets at 100 μL/hr, [6.4.1 - MED] providing significant spacing between droplets traveling through the detection region.[6.4.2 - LM] Then, turn on the lasers and start the data acquisition program.[6.4.3 - MED]
6.4.1. *Film as written

6.4.2. Author provided video showing the droplets at the newly adjusted flow rate.

6.4.3. *Film as written

6.5. Next, adjust the photomultiplier tube gain to provide signals that are more than 100 times the baseline noise floor. [6.5.1 - MED/CU] Finally, adjust the laser power so that all of the doublet peaks are clearly visible on a single, linearly scaled timetrace. [6.5.2 - MED]
6.5.1.  Talent adjusts the photomultiplier tube gain.

6.5.2. Talent adjusts the laser power and then checks the screen.

7. Results: Sensitive Detection of Fluorescent Droplets using Optical Fibers 
7.1. A droplet flowing through the detection channel encounters discrete excitation regions in front of each of the laser-coupled optical fibers.[7.1.1 – LM]
7.1.1. Figure 3a (Video Editor: Highlight the two regions in sequence starting with the word “regions”.)

7.2. The detection fiber records emitted fluorescence with a temporal shift with a peak separation that correlates with the time it takes a droplet to move from one excitation region to the next.  This removes the need for further light filtering and separate photomultiplier tubes. [7.2.1 – LM]  
7.2.1. Figure 3b

7.3. The efficacy of the detection scheme was tested by detecting a mixed emulsion of droplets containing dyes that excite at 405 nm and at 473 nm. This graph shows clear separation between the four re-injected droplet types when being flowed at roughly 50 Hz. [7.3.1 – LM]
7.3.1. Figure 4 (Video Editor: Label the x-axis with “473 nm” and the y-axis with “405 nm”.) 

7.4. The dynamic range and absolute sensitivity of the detector was investigated by measuring the fluorescein-only droplets. The data shows the ability of the system to detect dye concentrations that range from 0.1 to 100 nM. [7.4.1 – LM]
7.4.1. Figure 5

8. Conclusion (said by authors on camera) 
8.1. Russell Cole: After watching this video, you should have a good understanding of how to implement a simple and compact fluorescence detection system by utilizing an array of inserted optical fibers and a single photodetector. 
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.
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