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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) N/A  

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.) 3.8, 4.2, 4.3, 5.2, 5.3, 6.3 
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.) There is no difficult aspect of this procedure in this protocol.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? It only takes 15-20 minutes to get to the second location on foot.
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. Se Hee Lee: This method can help answer key questions in the combinatorial technique of the microfluidic system and molecular biotechnology field, such as microfluidic devices and single stand DNA by using asymmetric PCR methods.
1.2. Se Hee Lee: The main advantages of this technique are efficient generation of highly homogenous sized-microspheres and the production of single strand DNA without an additional separation step.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)
1.3. Se Hee Lee: The implications of this technique extend toward the diagnosis of various diseases, because generation of single strand DNA is key for aptamer synthesis, which can be used for detection and treatment.
1.4. Ho Won Lee: Though this method can provide insight into 3-dimensional microfluidics systems in MEMS, it can also be applied to other systems used for detection and treatment of disease.

1.5. Ho Won Lee: Generally, individuals new to this method will struggle to properly control fluids from flowing in the reverse direction. 
1.6. Ho Won Lee: Visual demonstration of this method is critical to observe the microsphere formation in the flow-focusing geometry and solidification of generated microspheres. 
Protocol: (read by voice talent at JoVE) 
2. Fabrication of a PDMS Microfluidic Platform 

2.1. First, prepare 20 milliliters of liquid PDMS prepolymer by mixing base polymer and catalyst in a 10 to 1 ratio [1-MED]. Pour 10 milliliters of the liquid PDMS onto a prepared SU-8 mold on a silicon wafer for the upper part of the microfluidic network [2-CU]. For the bottom flat part, pour the same volume of liquid PDMS on the silicon wafer without a mold structure [3-MED-over the shoulder].
2.1.1. Talent mixes polymer and catalyst in a container. Show polymer and catalyst container labels in frame if possible.
2.1.2. SU-8 mold on silicon wafer as talent pours liquid PDMS onto it.

2.1.3. Talent pours liquid PDMS on silicon wafer.
2.2. Place two silicon wafers coated with liquid PDMS prepolymer on a preheated hot plate and cure at 75 degrees Celsius for 30 minutes [1-MED].  
2.2.1. Talent places silicon wafers on preheated hot plate. 

2.3. Following this, manually peel off the cured PDMS layer from the SU-8 mold [1-MED-over the shoulder]. Align a 1.5 millimeter diameter round hole punching tool to the oil port on the replicated microfluidic network for interfacing micron-scale flow channels with the macro fluid samples [2-CU]. Then, manually punch out the through-hole [3-MED].  
2.3.1. Talent peels off PDMS layer from SU-8 mold.

2.3.2. Oil port of microfluidic network as talent aligns punching tool. Video editor: 2.3.2 and 2.3.3 were filmed in one shot. 
2.3.3. Talent punches hole.
2.4. After repeating the punching process three times, perform hydrophilic surface treatment on both the upper and bottom PDMS layers using a hand-held corona treater for several seconds per sample [1-MED-over the shoulder].  

2.4.1. Talent turns on corona treater and passes it over both PDMS layers.
2.5. Stack two plasma-treated PDMS layers and heat at 90 degrees Celsius for 30 minutes on a hot plate for the PDMS-to-PDMS bonding process [1-MED]. 

2.5.1. Talent places two PDMS layers on hot plate. 

2.5.2. Talent connects syringe pump to inlet ports and starts the pump.

3. Production of Polyacrylamide Oligo-Microspheres 

3.1. Vortex and briefly centrifuge a standard single-stranded DNA acrydite labeled probe and a 19 to 1 acrylamide bis stock solution [1-MED-TXT].
3.1.1. Talent briefly vortexes the samples and places them in centrifuge. TEXT: See Table 1 for reagent mix components.
3.2. Prepare solution I by mixing 25 microliters of 40 percent acrylamide bis solution, 10 microliters of single-stranded DNA, 10 microliters of 5x TBE buffer, and 5 microliters of water [1-MED-over the shoulder]. Prepare solution II with 50 microliters of 20 percent ammonium persulfate [2-MED].
3.2.1. Talent mixes reagents together in vial. Show reagent container labels in frame if possible.

3.2.2. Talent mixes reagents together in another vial. Continue showing reagent container labels in frame if possible. 
3.3. Prepare two syringes individually filled with solution I and solution II, and mount them onto the syringe pump to introduce solution flows into the microfluidic platform [1-MED-over the shoulder]. Prepare mineral oil mixed with 0.4 percent TEMED for surface solidification of the microsphere [2-MED].
3.3.1. Talent fills each syringe with its respective solution 
3.3.2. Added shot: And attaches each syringe to the syringe pump
3.3.3. Talent mixes the mineral oil and TEMED in a vial. Show TEMED container label in frame if possible.
3.4. After filling a glass bottle with the mineral oil, insert two tubes to the pneumatic and fluid ports in the cap of the glass bottle as a microfluidic reservoir [1-MED-over the shoulder]. Connect tubes between the glass bottle and the oil port in the microfluidic device [2-MED]. 
3.4.1. Talent inserts the tubes into each port. 

3.4.2. Talent connects the tubes to microfluidic device.

3.5. Connect the tubes to the two solution ports in the microfluidic device in order to supply the two solutions from the syringe pumps [1-CU]. Then, insert the tubes to the outlet port in order to transfer the generated microsphere into the beaker [2-MED-over the shoulder].
3.5.1. Microfluidic device as talent connects the tubes to solution ports.

3.5.2. Talent inserts the tubes to outlet port.
3.6. Next, set the flow rate of the syringe pump to 0.4 to 0.7 milliliters per hour [1-MED]. Adjust the compressed air pressure of the compressor using a regulator [2-MED-over the shoulder-TXT]. 

3.6.1. Talent sets flow rate on syringe pump. Show flow rate reading in frame if possible.

3.6.2. Talent adjusts pressure of air compressor. TEXT: 82 – 116 kPa. Video Editor: overlay should appear at mention of “compressed air pressure”.

3.7. Place a glass beaker with magnetic stir bar on a hot plate and set the rotational speed [1-MED-TXT]. Operate the syringe pump and supply the compressed air generated by an external compressor into the glass bottle using the ON/OFF control of an electromagnetic valve [2-MED-over the shoulder].  
3.7.1. Talent places beaker on hot plate and sets rotational speed. TEXT: 500 rpm. Video Editor: overlay should appear at mention of “rotational speed”.

3.7.2. Talent turns on the syringe pump and external compressor.
3.8. Using a digital microscope, observe the formation of microspheres in the flow-focusing geometry and solidification of generated microspheres in the glass beaker [1-SCREEN] [2-LM]. 
3.8.1. SCREEN: *To be submitted by Author. 57703_Jeong_SCREEN_3.8.1.

3.8.2. *To be submitted by Author. Image of microspheres observed in microscope. Video Editor: show this shot as an alternative to 3.8.1, if needed. 
3.9. Ho Won Lee: Observing the formation of microspheres is one of the most critical steps because it is major process in this study to produce microspheres at microfluidic system.
3.9.1. Talent speaks toward the camera, interview style. 
3.10. Following this, transfer 100 microliters of the microspheres to a 1.5 milliliter microcentrifuge tube [1-MED-over the shoulder]. Then, remove the supernatant through gentle centrifuging and pipetting [2-MED-TXT]. 
3.10.1. Talent adds microspheres to microcentrifuge tube.

3.10.2. Talent removes tube from centrifuge and removes the supernatant with a pipette. TEXT: 400 x g. Video Editor: overlay should appear at mention of “gentle centrifuging”.

4. Performing DNA Hybridization on the Surface of Polyacrylamide Oligomicrosphere
4.1. Resuspend the Cy3-cAp (pronounced complementary probe modified Cyanine 3) using 100 microliters of 1x TE buffer in order to achieve a final concentration of 100 micromolar [1-MED-over the shoulder-TXT]. 
4.1.1. Talent adds buffer to tube containing Cy3-cAp. Show Cy3-cAp label in frame if possible. TEXT: See Table 3 for strand sequences.
4.2. Next, add 100 micromolar of Cy3-cAp to a sterile 1.5 milliliter microcentrifuge tube containing Ap-copolymerized microspheres [1-MED]. Tap the tube a few times to mix and incubate at room temperature in the dark for 1 hour [2-MED-over the shoulder]. 
4.2.1. Talent adds Cy3-cAp to microcentrifuge tube containing microspheres. Video editor: 4.2.1 and 4.2.2 were filmed in one shot. 
4.2.2. Talent taps tube, covers tube with aluminum foil, and places tube on lab bench for incubation.

4.3. Following incubation, discard the supernatant and remove the residual buffer through pipetting [1-MED]. Then, rinse three times with 500 microliters of TE buffer [2-MED-over the shoulder]. 
4.3.1. Talent removes supernatant and residual buffer from tube containing microspheres.

4.3.2. Talent rinses microspheres with water once. Show additional rinses if there is time. 
4.4. Place the microspheres on a 75 by 50 millimeter glass slide and cover with aluminum foil prior to imaging [1-MED].
4.4.1. Talent places microspheres on glass slide and covers glass slide with aluminum foil.
5. Microsphere-PCR for Amplifying ssDNA

5.1. Obtain approximately 25 microspheres through microscopic counting using a light microscope with 40X magnification [1-MED-over the shoulder].  
5.1.1. Talent places sample under microscope and counts microspheres.
5.2. Following this, combine all reagents as described in the text protocol [1-MED-TXT].
5.2.1. Talent mixes reagents in tube. TEXT: See Table 6.
5.3. Place the samples into a thermocycler and start the asymmetric PCR under the appropriate conditions [1-MED-over the shoulder-TXT]. 
5.3.1. Talent places samples into thermocycler, inputs the conditions, and turns on the thermocycler. TEXT: 25 cycles (95 °C for 30 s, 52 °C for 30 s, 72 °C for 30 s), 85 °C for 5 min, hold at 4 °C. Video Editor: overlay should appear at mention of “the appropriate conditions”.
5.4. Se Hee Lee: The collection of supernatants after asymmetric PCR is one of the most critical steps because it is major process in this study to produce single strand DNA with microspheres.
5.4.1. Talent speaks toward the camera, interview style. 
5.5. Following amplification, add 8 microliters of 6x loading buffer to each sample [1-MED]. Load 15 microliters of each sample into 2 percent agarose gel [2-CU]. Then, perform electrophoresis at 100 volts for 35 minutes in 1x TAE buffer [3-MED-over the shoulder].
5.5.1. Talent adds loading buffer to each sample.
5.5.2. Talent places gel in electrophoresis chamber.
5.5.3. Talent loads each sample at agarose gel in chamber.

5.5.4. Added shot: starts the run.
6. Confocal Microscopy Acquisition 

6.1. Place the hybridized microspheres in a holder and attach the holder to the stage of a confocal microscope [1-MED-over the shoulder].  
6.1.1. Talent places microspheres in holder and attaches holder to microscope stage.
6.2. Select the laser and turn it on in the laser control. Select the objective lens in the microscope control. Then, select the desired filter for Cy3 and channel in the configuration control [1-SCREEN-TXT].  
6.2.1. SCREEN: *To be submitted by Author, 57703_Jeong_SCREEN_6.2.1. TEXT: He/Ne, 543 nm line. Video Editor: overlay should appear at mention of “laser”.
57703_Jeong_SCREEN_6.2.1.

{Author Comments: We will check the screen capture possibility and contact you.}
6.3. Finally, start the experiment and observe the sample [1-MED-over the shoulder-TXT].  
6.3.1. Talent at computer starts the experiment in the software and then checks the samples. TEXT: See Table 7 for microscope settings. 

7. Results: Fabrication of Droplet-based Microfluidic Platform and Application of Microspheres for Microsphere-PCR Amplification
7.1. The fabricated polymeric droplet-based microfluidic platform consists of two PDMS layers [1-LM]. Three kinds of microfluidic channel networks are used for generating microspheres, which are flow-focusing geometry, a serpentine channel for mixing solutions I and II, and a polymerization channel for microsphere solidification [2-LM]. 
7.1.1. 57703fig1.jpg: Highlight or emphasize figure a.

7.1.2. 57703fig1.jpg: Highlight or emphasize figure b at mention of “flow-focusing geometry”.
7.2. A lab-based pneumatic control system for continuous flow of the mineral oil and two syringe pumps for the solution flow were used for generating microspheres in the microfluidic platform [1-LM]. 

7.2.1. 57703fig1.jpg: Highlight or emphasize figure c at mention of “a lab-based pneumatic control system for continuous flow of the mineral oil and two syringe pumps for the solution flow” and figure d at mention of “were used for generating microspheres in the microfluidic platform”.

7.3. If the microspheres are correctly functionalized with the 5’-acrydite-DNA probe, they should result in coverage of fluorescent activity on the surface during the hybridization experiment as shown in these fluorescent images [1-LM]. If copolymerization does not occur correctly, the optical microsphere image would exhibit internal-contamination inside the microspheres [2-LM]. 
7.3.1. 57703fig2.jpg: Highlight inset of gray circle and fluorescent image.
7.3.2. 57703fig2.jpg
7.4. Manipulating the 3-D surface of microspheres with a DNA oligo-probe is a much faster process, and an on-flow microsphere synthesis platform can provide a tool for single-stranded DNA amplification and purification [1-LM]. The initially copolymerized 5’-Ap provides a 3'-OH end for DNA polymerization after annealing to its complementary template [2-LM]. 

7.4.1. 57703fig3.jpg
7.4.2. 57703fig3.jpg: Highlight “Complementary DNA Extension” image.
7.5. Double-stranded DNA contaminants were observed in the asymmetric PCR experiment [1-LM]. The resultant single-stranded DNA accumulated from microsphere-PCR was demonstrated by comparison to the synthetic size markers through gel electrophoresis analysis [2-LM]. 
7.5.1. 57703fig4.jpg: Highlight double strand DNA in lane 1.
7.5.2. 57703fig4.jpg: Highlight single strand DNA in lanes M and 2.
8. Conclusion (said by authors on camera)

8.1. Ho Won Lee: While attempting this procedure, it’s important to remember that full knowledge of protocols and adjustments that are commonly necessary for optimizing PCR experiments are required for obtaining the amplification cycle, annealing temperature and probe sequence in this method.
8.2. Se Hee Lee: After its development, this technique paved the way for researchers in the field of molecular biotechnology and Bio-MEMS to explore connecting two regions in diagnosis and therapy.
8.3. Se Hee Lee: Don't forget that working with acrylamide solution can be hazardous and precautions such as wearing gloves should always be taken while performing this procedure. 
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.  

7.1, 7.2 – 57703fig1.jpg – (a) Fabricated microfluidic platform, (b) Enlarged view of the flow-focusing 
geometry, (c) Experimental set-up, and (d) Captured images showing   continuous generation of microspheres.(1: micro channel structure for flow focusing geometry, 2: for mixing solutions, 3: for microsphere solidification)
7.3 – 57703fig2.jpg – Fluorescent readout of DNA hybridization on the surface of microspheres. 5’

Acrydite-modified DNA probes (Ap) were capable of hybridizing with complementary Cy3 labeled DNA probes (cAp)

7.4 – 57703fig3.jpg – Illustration of the microsphere-PCR protocol
7.5 – 57703fig3.jpg – Comparison data between conventional asymmetric PCR and microsphere-PCR. 
M; ssDNA marker (76mer and 100mer), Lane 1; Asymmetric PCR, Lane 2; Microbeads-PCR.
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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