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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N___  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 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.) 
3.1, 3.3, 4.1, 4.3
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.) 3.2, 4.1 → temperature must be maintained at room temperature ( 25 degree Celsius) because NIPAAm monomer solution crystalizes at temperature lower than the room temperature
E.  Will the filming need to take place in multiple locations? (Y/N)  _Y___ If yes, how far apart are the locations? 1st and 4th floor in the SAME building.  
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 experiment is to synthesize Janus microhydrogels that are composed of the same base material and have anisotropic thermo-responsiveness, as well as organophilic and hydrophilic loading capability, using the liquid-liquid phase separation of supersaturated N-isopropylacrylamide (pronounced as “N ahy-suh-proh-pil uh-kril-uh-mahyd”) monomer. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Dong Sung Kim: This method can help answer key questions in the field of drug delivery systems, specifically, for the development of an advanced drug carrier that requires hydrophilic/organophilic dual loading capability inside a single particle [1.1.1 – MED]. 
1.1.1. Dr. Kim speaks to the camera, interview style.
1.2. Dong Sung Kim: The main advantage of this technique is to synthesize monodisperse Janus microhydrogels with clearly compartmentalized internal morphology and to modulate the size of Janus microhydrogels with the help of a microfluidic device [1.2.1 – MED].
1.2.1. Dr. Kim speaks to the camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Dong Sung Kim: [1.3.1 – MED] Demonstrating the procedure will be Kyoung Duck Seo, a graduate student from my laboratory [1.3.2 – MED].

1.3.1. Dr. Kim speaks to the camera, interview style.
1.3.2. Kyoung Duck Seo looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Fabrication of the Hydrodynamic Focusing Microfluidic Device (HFMD) through Polydimethylsiloxane (PDMS) Casting
2.1. Use the patterned wafer obtained as described in the text protocol as the master mold for PDMS casting [2.1.1 – CU – TXT].
2.1.1. Patterned wafer as talent displays to the camera.  TEXT Overlay:  see text for preparation of patterned wafer 
2.2. Mix the PDMS pre-polymer and a curing agent homogeneously at a weight ratio of 10 to 1; for example, use 1 gram of curing agent for 10 grams of PDMS pre-polymer [2.2.1 – MED].
2.2.1. Talent mixes the PDMS pre-polymer and a curing agent homogenously at 10 to 1.  Use labeled containers. 
2.3. Pour the PDMS pre-polymer into the master mold and degas it for 1 hour in a vacuum chamber [2.3.1 – CU – TXT].  Then, place the master mold with the PDMS pre-polymer into an oven at 65 degrees Celsius for 3 hours [2.3.2 – MED-over the shoulder].
2.3.1. Master mold as talent pours the PDMS pre-polymer there.  TEXT Overlay (as narrated): degas for 1hr
2.3.1a : master mold filled with PDMS pre-polymer is placed in a degas chamber
2.3.2. Talent places the master mold with PDMS pre-polymer into an oven.
2.4. Cut the cured PDMS into the size of a single chip using a sharp scalpel [2.4.1 – CU].  Carefully peel off the cured PDMS replica from the master mold by hand [2.4.2 – MED-over the shoulder – TXT]. 
2.4.1. Cured PDMS as talent cuts the size of a single chip using a sharp scalpel.
2.4.2. Talent carefully peels off the cured PDMS replica from the master mold by hand.  TEXT Overlay:  repeat process to obtain replica
2.5. Punch inlet and outlet holes into one of the replicas using a hole-puncher with a slightly smaller diameter than the outer diameter of the connecting tubing [2.5.1 – CU].
2.5.1. Replica as talent punches inlet and outlet holes into one of the replicas using a hole-puncher with a slightly smaller diameter than the outer diameter of the connecting tubing.
2.6. Then, apply air plasma treatment to the bonding area of each replica using a corona treater [2.6.1 – MED-over the shoulder].
2.6.1. Talent applies air plasma treatment to the bonding area of each replica using a corona treater.
2.6.1a : additional angle taken
2.7. Drop 5 microliters of methanol onto the air plasma-treated areas [2.7.1 – MED].  Finely align two identical PDMS replicas to fabricate the HFMD by hand manipulation [2.7.2 – CU], and check alignment via a microscope [2.7.3 – MED]. 
2.7.1. Talent drops 5 microliters of methanol onto the air plasma-treated areas.
2.7.2. PDMS replicas as talent finely aligns two identical PDMS replicas to fabricate the HFMD by hand manipulation.
2.7.1a : additional scene of the monitor screen during the alignment

2.7.1b : additional angle of monitor screen during the alignment
2.7.3. Talent works at the microscope to check the alignment. 
2.8. Place the HFMD in an oven set to 65 degrees Celsius overnight to strengthen the bond between two PDMS replicas [2.8.1 – CU].
2.8.1. HFMD as talent places into the oven to strengthen the bond between two PDMS replicas.  
3. Preparation of NIPAAm-rich (N-rich) and NIPAAm-poor (N-poor) Phases by Phase Separation of Supersaturated NIPAAm
3.1. Dissolve NIPAAm monomer in deionized water at a weight to weight ratio of 1 to 1 using a vortex mixer [3.1.1 – CU]; for example, dissolve 10 grams of NIPAAm in 10 milliliters of deionized water [3.1.2 – MED].
3.1.1. Deionized water as talent adds the NIPAAm monomer.  DI water was added to NIPAAm monomer TEXT Overlay: NIPAAm = N-isopropylacrylamide
3.1.2. Talent vortexes the NIPAAm monomer in water to dissolve.  
3.2. Allow the monomer solution to rest in a vertical position at room temperature for at least 15 minutes [3.2.1 – MED-over the shoulder].
3.2.1. Talent leaves the monomer solution to rest in a vertical position at room temperature.  
3.2.1a : additional wider shot was taken for 3.2.1
3.3. When the interface separating the two phases becomes clear, carefully extract 2 milliliters of monomer solution from the N-rich and N-poor phases without disturbing this interface by using a pipette [3.3.1 – CU or ECU].
3.3.1. Solution showing the interface of the two phases as talent carefully extracts 2 mL of the monomer solution from each phase without disturbing the interface.
3.4. Next, add 4 milligrams of MBAAm to the extracted N-rich and N-poor monomer solutions as a crosslinker [3.4.1 – MED-over the shoulder – TXT].  
3.4.1. Talent adds 4 mg of MBAAm to the extracted N-rich and N-poor monomer solutions as a crosslinker.  Use labeled containers.  TEXT Overlay: MBAAm = N,N'-methylenebisacrylamide
3.5. Then, add 4 milligrams of the photoinitiator to the solutions to prepare core fluids 1 and 2 for the low crosslinker concentration sample [3.5.1 – CU – TXT].
3.5.1. Solutions as talent adds the photoinitiator to the solutions to prepare core fluids 1 and 2 for the low crosslinker concentration sample.  Use labeled containers.  TEXT Overlay: photoinitiator = 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-propyl)ketone
3.6. Finally, dissolve 10 weight percentage of oil surfactant into mineral oil to prepare the sheath fluid [3.6.1 – MED].
3.6.1. Talent dissolves 10 weight percentage of oil surfactant into mineral oil to prepare the sheath fluid.
4. Synthesis of Janus Microhydrogels using the HFMD
4.1. Load 2 milliliters of core fluids 1 and 2 and the sheath fluid into three separate 3 milliliter syringes [4.1.1 – MED].
4.1.1. Talent loads one of the syringes.  Include other syringes in view.  Use labeled containers.
4.2. Mount the syringes into the syringe pumps and connect each syringe to the appropriate fluid inlet of the HFMD using tubing [4.2.1 – CU].  Use the tubing to connect the fluid outlet of the HFMD to a collection reservoir [4.2.2 – MED-Over the shoulder].
4.2.1. Syringes as talent mounts into the syringe pumps and connects each syringe to the appropriate fluid inlet.
4.2.2. Talent uses the tubing to connect the fluid outlet of the HFMD to a collection reservoir.
4.3. Set the syringe pumps to infuse core fluids 1 and 2 at flow rates of 2 microliters per minute, and to infuse the sheath fluid at 10 microliters per minute [4.3.1 – MED-over the shoulder CU].
4.3.1. Talent sets the syringe pumps and infuses core fluids 1 and 2 at flow rates of 2 microliters per minute and to infuse the sheath fluid at 10 microliters per minute. 
4.3.1a : was taken from different angle (MED)
4.4. Then, position the UV light source perpendicularly about 1 centimeter away from the collection reservoir [4.4.1 – MED-Over the shoulder].  Switch on the UV light source and visually monitor the continuous production of Janus microhydrogels [4.4.2 – CU].
4.4.0.  Closed up angle for continuous production of Janus microdroplets though the monitor screen 
4.4.1. Talent positions the UV light source perpendicularly about 1 centimeter away from the collection reservoir.
4.4.1 a was taken from MED
4.4.2. Collection reservoir as talent switches the UV light source on and continuous production of the Janus microhydrogels begin. 
4.5. Collect the fabricated Janus microhydrogels into a conical tube and wash them using isopropyl alcohol [4.5.1 – MED].  Then, centrifuge the conical tube to settle the microhydrogels [4.5.2 – MED-over the shoulder – TXT].
4.5.1. Talent collects the fabricated Janus microhydrogels into a conical tube and washes them using IPA.
4.5.2. Talent places the conical tubes into the centrifuge, shuts lid and starts run.  TEXT Overlay: 780 ( g for 5 min
4.6. Repeat the centrifugation step using deionized water with a water surfactant to remove the leftover isopropyl alcohol around the Janus microhydrogels [4.6.1 – CU MED – TXT].
4.6.1. Conical tube with microhydrogel as talent adds water with a water surfactant.  TEXT Overlay: 0.005% (v/v) water surfactant
4.6.1a was taken from CU angle
4.7. Store completely washed Janus microhydrogels in a 10 milliliter vial containing deionized water [4.7.1 – MED-over the shoulder].
4.7.1. Talent places the washes Janus microhydrogels in a 10 mL vial containing deionized water.
5. Analysis of the Anisotropic Thermo-responsiveness of Janus Microhydrogels
5.1. Use a pipette to place the synthesized Janus microhydrogels into a 24-well plate [5.1.1 – CU].  Allow the hydrogels to settle for 15 seconds until a monolayer is formed at the bottom surface of the well [5.1.2 – ECU].
5.1.1. 24-well plate as talent uses a pipette to place the synthesized Janus microhydrogels there.
5.1.2. Single well showing that a monolayer is formed at the bottom surface.
5.2. Obtain an image of the Janus microhydrogel at 24 degrees Celsius using an upright optical microscope with a 5x objective lens [5.2.1 – MED-over the shoulder].
5.2.1. Talent obtains an image of the Janus microhydrogel at 24 degrees Celsius using an upright optical microscope with a 5x objective lens.
5.3. Set a thermoelectric module under the well plate and control the voltage of this module to increase the temperature of the solution containing Janus microhydrogels to 32 degrees Celsius [5.3.1 – CU].
5.3.1. 24-well plate as talent sets a thermoelectric module under it to increase the temperature to 32 degrees Celsius.
5.3.2: showing shrink/swell of Janus microhydrogels while changing the temperature (monitor screen)
5.4. Obtain an image of the Janus microhydrogel at 32 degrees Celsius once more by using an upright optical microscope with a 5( objective lens [5.4.1 – MED-over the shoulder].
5.4.1. Talent obtains an image of the Janus microhydrogel at 32 degrees Celsius using an upright optical microscope with a 5x objective lens.
5.5. From the 25 images of different Janus microhydrogels at 24 and 32 degrees Celsius, measure the radius of the polymerized phases, PN-rich and PN-poor, using image analysis software according to the manufacturer’s instructions [5.5.1 – SCREEN].
5.5.1. *To be submitted by authors – 52813_Kim_SCREEN_5.5.1:  Screen capture movie as talent works to measure the radius of the PN-rich and PN-poor parts of the Janus microhydrogels.  
6. Results: Anisotropic Thermo-Responsiveness and Organophilic/Hydrophilic Loading Capability of Janus Microhydrogels
6.1. Shown here is a schematic diagram of the HFMD for generating Janus microdroplets [6.1.2 – LM].  The N-rich and N-poor solutions are precisely injected into the HFMD and broken up into microdroplets at the orifice by the sheath fluid of mineral oil [6.1.2 – LM]. 
6.1.1. 52813_DSKim_Figure_1_no inset.tif - Authors, please provide a version of this figure without the inset, but with the red-dashed line box for the inset.  
6.1.2. 52813_DSKim_Figure_1_inset.tif - Authors, please provide a figure of the inset alone.  Editors, transition to this figure from the previous figure by zooming into the red-dashed line box in the previous figure and then fading into this figure.
6.2. Janus microdroplets obtained through HFMD have different volume ratios of N-rich and N-poor solutions, as shown here.  The volume ratio of the N-rich and N-poor solution composing microhydrogels is controlled by altering the flow rate of each solution [6.2.1 – LM]. 
6.2.1. 52813_DSKim_Figure_2.tif
6.3. Here, schematic diagrams and optical micrographs of the Janus microdroplets and microhydrogels in response to environmental and temperature changes are shown [6.3.1 – LM].
6.3.1. 52813_DSKim_Figure_3A.tif – Authors, please provide a separate version of only the top part of figure 3 with the labels for 24 (C in oil (for droplets and hydrogel), 24 (C in water, and 32 (C in water. 
6.4. To quantify thermo-responsiveness, the radius of the Janus microdroplets and microhydrogels was measured and showed an anisotropic thermo-responsive behavior which is caused by the differences in NIPAAm monomer concentration between PN-rich and PN-poor [6.4.1 – LM].
6.4.1. 52813_DSKim_Figure_3B.tif – Authors, please provide a separate version of only the bottom part of figure 3 with the labels for 24 (C in oil (for droplets and hydrogel), 24 (C in water, and 32 (C in water.
6.5. The organophilic/hydrophilic loading capability of these microhydrogels is observed [6.5.1 – LM] as fat-soluble dyes strongly prefer to dissolve in the N-rich solution [6.5.2 – LM], while water-soluble dyes prefer to dissolve in the N-poor solution [6.5.3 – LM]. 
6.5.1. 52813_DSKim_Figure_4A.tif – Authors, please provide a separate version of only the left part of the figure (no Dual loading capability) and remove the red and green boxes pointing to the Dual loading capability image.
6.5.2. 52813_DSKim_Figure_4A.tif.  Editors, please highlight the top image in the “Oil red O” column as this point is narrated.
6.5.3. 52813_DSKim_Figure_4A.tif.  Editors, please highlight the bottom image in the “Green food dye” column as this point is narrated.
6.6. Janus microhydrogels with hydrophilic/organophilic dual loading capability inside a single particle are finally fabricated [6.6.1 – LM]. 
6.6.1. 52813_DSKim_Figure_4B.tif – Authors, please provide a separate version of only the right part of the figure (only the Dual loading capability) and remove the red and green pointers coming from the left of the original figure.
7. Conclusion (said by authors on camera)

7.1. Kyoung Duck Seo:  Once mastered, this technique can be done in 40 minutes if it is performed properly [7.1.1 – MED].
7.1.1. Kyoung Duck Seo speaks to the camera, interview style.
7.2. Andrew Choi:  While attempting this procedure, it’s important to remember to maintain the ambient condition, especially the temperature, because our base material, NIPAAm, crystalizes below 25 degrees Celsius [7.2.1 – MED].
7.2.1. Andrew Choi speaks to the camera, interview style.
7.3. Andrew Choi:  After its development, this technique will pave the way for researchers in the field of drug delivery systems to develop functional microhydrogels that can control drug release rates and/or encapsulate multiple-drugs without cross-contamination [7.3.1 – MED].
7.3.1. Andrew Choi speaks to the camera, interview style.
7.4. Andrew Choi:  After watching this video, you should have a good understanding of how to synthesize Janus microhydrogels composed of the base material, poly(N-isopropylacrylamide) [7.4.1 – MED].
7.4.1. Andrew Choi speaks to the camera, interview style.
7.5. Andrew Choi:  Don't forget that working with UV light source can be extremely hazardous and researchers must wear UV protection goggles while performing this procedure [7.5.1 – MED].   
7.5.1. Andrew Choi speaks to the 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.
LAB MEDIA (LM)

52813_DSKim_Figure_1_no inset.tif - Authors, please provide a version of this figure without the inset, but with the red-dashed line box for the inset.  
52813_DSKim_Figure_1_inset.tif - Authors, please provide a figure of the inset alone.   
52813_DSKim_Figure_2.tif
52813_DSKim_Figure_3A.tif – Authors, please provide a separate version of only the top part of figure 3 with the labels for 24 (C in oil (for droplets and hydrogel), 24 (C in water, and 32 (C in water. 
52813_DSKim_Figure_3B.tif – Authors, please provide a separate version of only the bottom part of figure 3 with the labels for 24 (C in oil (for droplets and hydrogel), 24 (C in water, and 32 (C in water.
52813_DSKim_Figure_4A.tif – Authors, please provide a separate version of only the left part of the figure (no Dual loading capability) and remove the red and green boxes pointing to the Dual loading capability image.
52813_DSKim_Figure_4B.tif – Authors, please provide a separate version of only the right part of the figure (only the Dual loading capability) and remove the red and green pointers coming from the left of the original figure.
SCREEN Capture Movie

52813_Kim_SCREEN_5.5.1:  Screen capture movie as talent works to measure the radius of the PN-rich and PN-poor parts of the Janus microhydrogels.
52813_Kim_SCREEN_4.4.0:  Screen capture movie for continuous production of Janus microdroplets though the monitor screen.

52813_Kim_SCREEN_5.3.2: Screen capture movie for showing shrink/swell of Janus microhydrogels while changing the temperature. (Time laps: x8)
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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