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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 steps using the step numbers listed in this document. __ Steps 2.5-2.6, 3.5, 3.11, 4.5, 4.8____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._The initial IPC fiber drawing must be done in a smooth but slow process (steps 2.5, 3.6 and 4.5)______________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? __approximately 200 meters (5 mins walk 



1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to provide controlled biomolecule delivery with spatial control to mimic the cellular niche from hydrophilic or hydrophobic polymeric composite scaffolds. (Intro)

This is accomplished by first creating a sacrificial framework of desired polymers to provide the spatial arrangement of the biomolecule-releasing fibers, called interfacial polyelectrolyte, or IPC, fibers. (P1: On the left, show the top line of the P1 graphic and label it with “Unpatterned Hydrophilic Substrate”.  On the right show the green bottom graphic and label it “Micropatterned Hydrophobic Substrate”.  Spin the substrates if you’d like to add some visual interest.)

The second step is to incorporate IPC fibers, containing the targeted hydrophilic biomolecule, on a sacrificial frame. (P2: Ideally the fibers (they appear as lines on the substrate) are added to the substrate as the substrate rotates.   The fiber can be made by adding 2 liquid drops to the screen, then pulling them together so they interface (as shown in P2), the fiber is then drawn from the interface onto the sample. If not possible, just show the P2 images and keep the same labels.)

Next, the IPC fibers-on-frame constructs are embedded onto a larger scaffold using a micropatterned substrate as a casting mold, incorporating topographical cues on the substrate. (P3: Place the scaffolds as shown in P3 into petri dishes and add the solutions to them as indicated. Use a pipette to add the colored solutions onto the frame. )

The final step is to allow full assimilation of the fibers-on-frame construct and solidification of the polymers to create unpatterned or micropatterned substrates. (P4: Remove the petri dishes and transition from the P3 images to the P4 images.)

Ultimately, standard assays can be used to show the release profiles and bioactivity of the target molecules.   (P5: Show the graph presented in P5.) 

 
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

[image: ]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
 
1.1. EKFY: The main advantage of this technique over existing methods, like micro-encapsulation, is that incorporation of any hydrophilic biomolecule into a wide range of hydrophilic or hydrophobic polymeric scaffold is possible using a simple incorporation and fabrication process.     
1.2. BKKT: This method can help answer key questions in the drug delivery field, such as the effect of multiple regulated biomolecule release, gradient of biochemical cues or and the synergistic effects of sustained biochemical release and topographical cues on cell behavior.
1.3. MFAC: Visual demonstration of this method is critical as the interfacial polyelectrolyte fiber fabrication steps are difficult to learn, because the drawing speed, concentration, and purity of polyelectrolyte solution needs to be optimized to ensure continuous and stable IPC fiber drawing.  



Protocol (read by voice talent at JoVE):  

2. Drawing of Interfacial Polyelectrolyte Complexation (IPC) Fibers
2.1. To begin, mix proteins, growth factors, or other biomolecules of interest into 10 to 20 µl aliquots of the polyelectrolyte solutions as described in the accompanying text protocol.  
2.1.1. MED: Talent prepares aliquots.
2.2. [bookmark: _GoBack]Next, place small, 10 to 20 µl droplets of chitosan and alginate on a stable flat surface that is covered with Parafilm. The droplets of chitosan and alginate should be placed in close proximity, but not in contact with each other. 
2.2.1. MED: Talent places drops onto Parafilm.
2.2.2. CU/ECU: Talent places drops close together on the paraffin.
2.3. Lightly dip one tip of a pair of forceps into the chitosan droplet and the other tip into the alginate droplet. Then, bring the droplets of polyelectrolytes together by pinching the forceps. 
2.3.1. ECU: Talent dips forceps into droplets, pauses, then brings them together.
2.4. When the droplets come into contact with each other, slowly pull the forceps vertically to draw the interfacial polyelectrolyte complexation fiber, known as the IPC fiber, from the interface of the two droplets. 
2.4.1. ECU: Talent slowly draws a fiber vertically.
2.5. Carefully place the end of the drawn IPC fiber onto a collector consisting of a flat polymeric scaffold affixed on a rotating mandrel.  Rotate the mandrel at a fixed speed of 10 mm/s to allow formation of uniform and beadless IPC fibers. 
2.5.1. ECU: Talent places the drawn fiber onto a collector that is fixed to a rotating mandrel.
2.5.2. CU: Talent turns on the rotating mandrel.
2.5.3. ECU: Fiber being drawn onto the mandrel.
2.6. Increasing the speed of drawing the IPC fibers will form beads, which will cause a burst release of incorporated biochemical and premature fiber termination as described in Liao et al. 
2.6.1. LABMEDIA: 53079_EYim_beaded_fiber.pptx (Video Editor: Highlight the right column with the words “will form beads”)(TEXT: Liao et al. J Control Release. 104 (2), 347-358 (2005).)
2.7. When the fiber terminates, dilute the remaining liquid with 500 microliters of PBS.  Measure the concentration of the remaining protein or growth factor content in the residue in order to determine the incorporation efficiency of the biomolecules.
2.7.1. CU: Talent adds PBS to remaining liquid and transfers it to a microcentrifuge tube.
2.7.2. MED: Talent works with sample in front of a BCA assay kit or similar.
3. Fabrication of Pullulan-Dextran and IPC Fiber Composite Hydrogel Scaffolds 
3.1. Weigh out 3 grams of pullulan polysaccharide and add it to 15 milliliters of distilled deionized water in order to create a 20% aqueous solution.  Mix the pullulan solution overnight to ensure homogeneity. 
3.1.1. MED: Talent weighs out pullulan polysaccharide
3.1.2. CU: Talent adds polysaccharide to dI water.
3.1.3. MED: Talent places solution in setup to mix overnight.
3.2. The next day, pour 15 milliliters of the pullulan solution into a 10 cm diameter tissue culture polystyrene dish. Dry the solution overnight at 37 °C.  Once dry, cut the films into 7 mm by 7 mm square sacrificial pullulan frames.
3.2.1. CU: Talent pours solution into dish and sets it aside to dry.
3.2.2. CU: Talent cuts the films into small squares.
3.3. Next, create a 30% solution of the polysaccharides pullulan and dextran in distilled deionized water in a 3 to 1 ratio.  Mix overnight to ensure homogeneity.
3.3.1. MED: Talent creates solution as described.
3.3.2. MED: Talent mixes solution.
3.4. Slowly add sodium bicarbonate to the polysaccharide solution to achieve a final concentration of 20%. Mix the solution overnight and store the final polysaccharide solution at 4 °C until it is needed. 
3.4.1. CU: Talent adds sodium bicarbonate to the PS solution.
3.4.2. CU: Talent sets up sample to mix overnight
3.4.3. MED: Talent places sample at 4 °C
3.5. Affix the sacrificial pullulan frame in a desired orientation to the rotating mandrel using an alligator clip and some plastic-coated adhesive tape. Rotate the mandrel with the affixed frame at a constant speed of 10 mm/s.  
3.5.1. CU: Talent affixes sacrificial frame to the mandrel.
3.5.2. CU: Talent starts to rotate the mandrel.
3.6. Then, begin to draw the IPC fibers as shown in the previous section, however this time attach the drawn end of the IPC fibers onto the rotating pullulan frame. 
3.6.1. ECU: Talent pulls fiber and fixes it to the rotating pullulan frame.
3.7. Wait for the end of the IPC fiber drawing. Afterwards, dry the fibers-on-frame construct overnight at room temperature.
3.7.1. ECU: Show last bit of fiber being drawn up and then stop the mandrel.3.7.1 is very difficult to show because we could not anticipate the end of the terminal end of the IPC fiber. 
3.8. Next, release the construct from the rotating mandrel by removing the adhesive tape and taking out the alligator clip.  Place the construct in a microcentrifuge tube cap.
3.8.1. CU: Talent removes the sample and places it into a microcentrifuge tube cap.
3.9. Then, place 5 grams of the pullulan-dextran solution into a beaker and begin stirring it at 60 rpms using a stir plate.
3.9.1. MED: Talent adds PD solution to beaker while on a scale and then moves it to a stir-plate and begins stirring it.
3.10. Add 500 µl of an 11% sodium trimetaphosphate solution and 500 µl of 10 molar sodium hydroxide to crosslink the solution. 
3.10.1. CU: Talent adds solutions to the mixture in the order listed.
3.11. Continue mixing the solution for 1 to 2 minutes and then pour the viscous polysaccharide solution onto the fibers-on-frame construct to fully embed the IPC fibers. Incubate the construct at 60 °C for 30 minutes to form a chemically cross-linked composite scaffold.  
3.11.1. MED: Talent lifts the solution and pours it onto the fibers on frame.
3.11.2. CU: Talent covers the construct with solution.
3.11.3. MED: Talent places the construct in an oven at 60 °C.
3.12. To induce pore formation in the composite scaffold, submerge the whole scaffold into a solution of 20% acetic acid for 20 minutes.
3.12.1. MED: Talent removes construct from the oven.
3.12.2. CU: Talent submerges the scaffold into acetic acid. (TEXT: CAUTION: Use proper protective equipment as acetic acid is a corrosive and flammable.)
3.13. Then, wash the scaffold 3 times in PBS for 5 minutes while shaking at 100 rpms to remove any remaining unreacted reagents.  
3.13.1. CU: Talent removes sample from the acid solution and places it into PBS.
3.13.2. MED: Talent turns on shaker holding scaffold/PBS at 100 RPMs
3.14. Remove the excess PBS and immediately freeze the composite scaffolds at -80 °C overnight.  Next, lyophilize the scaffolds for at least 24 hours before they are used in any controlled release or bioactivity assays. 
3.14.1. CU: Talent removes excess PBS
3.14.2. MED: Talent places scaffold into the -80°C freezer.
3.14.3. MED: Talent places vial with scaffold onto lyophilizer and turns on the vacuum to the chamber.
4. Fabrication of a Micro-patterened Polycaprolactone and IPC Fiber Composite
4.1. Start by creating a pristine and patterned PDMS substrate with a desired topography using standard soft lithographic methods.
4.1.1. MED: Talent at bench opens two different containers to display both PDMS substrates in front of them.
4.2. Next, prepare both the sacrificial frame of PCL for IPC fiber collection and the patterned PCL base by first dissolving 0.9% PCL in dichloromethane. 
4.2.1. MED: Talent weighs out the PCL (TEXT: PCL: polycaprolactone)
4.2.2. CU: Talent adds PCL to DCM. (TEXT: CAUTION: Dichloromethane is a hazardous material. Use the fume hood and personal protective equipment when handling it.)
4.3. For every 1 cm2 area of the PDMS film casting mold, drop 500 µl of the 0.9% PCL solution onto the mold. Allow the solvent to fully evaporate in the fume hood and then repeat the process of casting 0.9% PCL to thicken the film. 
4.3.1. CU: Talent drops PCL solution over mold.
4.3.2. MED: Talent checks the sample in the hood and then adds more PCL solution to thicken the film.
4.4. Next, prepare the sacrificial frame by placing 500 µl at a time of the 0.9% PCL solution onto a separate pristine PDMS substrate to create a pristine PCL base. Cast multiple layers of PCL to obtain a scaffold with the desired thickness. Allow all of the dichloromethane solvent to fully evaporate in the fume hood. 
4.4.1. CU: Talent adds PCL solution onto the pristine PDMS substrate.
4.4.2. CU: Talent adds a 2nd layer onto the PCL base.
4.4.3. MED: Talent closes fume hood with sample inside.
4.5. When the desired thickness has been reached, remove the dried PCL film from the pristine PDMS substrate and punch a hole in the PCL frame using a suitably-sized puncher.
4.5.1. CU: Talent removes the PCL film from the PDMS substrate.
4.5.2. ECU: Talent punches a hole in the PCL frame.
4.6. Next, mount the PCL frame on the collection mandrel and begin drawing the IPC fiber onto the frame as previously described.  
4.6.1. CU: Talent mounts the PCL frame onto the collection mandrel
4.6.2. CU: Talent begins drawing the fiber and starts the mandrel rotation.
4.7. When the IPC fiber drawing ends, remove the fiber-on-frame construct and allow it to dry overnight at 25 °C.
4.7.1. CU: Talent removes the construct and sets it aside to dry.
4.8. Place the fiber-on-frame construct on top of the patterned PCL base and add the 0.9% PCL solution on the fiber-on-frame construct multiple times to get the desired thickness and to ensure that the IPC fibers are fully embedded.
4.8.1. MED/CU: Talent places the fiber-on-frame construct on top of the patterned PCL base.
4.8.2. CU: Talent adds the PCL solution onto the construct.
4.8.3. ECU: Image of the final product with the fibers fully embedded.
5. Results: Composite IPC Fiber Scaffolds Sustainably Release Bioactive Growth Factors.
5.1. Bovine Serum Albumin, or BSA, released from the pullulan-dextran-IPD composite showed near-linear kinetics with an initial attenuated burst release followed by a concomitant steady state.  After 2 months, the BSA achieved a total release of 97%. [5.1.1 - LM] In contrast, standalone IPC fibers exhibited a rapid release of 80% of the BSA within 4 hours. [5.1.2 - LM]
5.1.1. Figure 2 (53079_EYim_Figure 2.tiff) (Video Editor: Highlight the black line and data points.  Highlight the 2nd to last bullet data point (at 60 days) with the last sentence.)
5.1.2. Figure 2 (53079_EYim_Figure 2.tiff) (Video Editor: Highlight the grey line and data points.)
5.2. Using this same composite, vascular endothelial growth factor was also able to be sustainably released from the fibers.  [5.2.1 - LM] Using human umbilical vein endothelial cells as a test platform, the released growth factor was found to be bioactive following its release at each time point. [5.2.2 - LM]
5.2.1. Figure 3a (53079_EYim_Figure 3a.tiff)
5.2.2. Figure 3b (53079_EYim_Figure 3b.tiff)
5.3. In this example, nerve growth factor was loaded into the fibers.  Over the course of 18 days, approximately 80% of the loaded nerve growth factor was released from the PCL-IPC composite in a sustained linear release. [5.3.1 - LM]
5.3.1. Figure 4a (53079_EYim_Figure 4a.tiff) (Video Editor: Highlight the open circles 
5.4. Using a PC12 neurite outgrowth assay, the amount of bioactive nerve growth factor released from the scaffold and into the media at each time point had a similar effect on neurite outgrowth as adding 30 ng/ml of nerve growth factor to plain media.[5.4.1 - LM]
5.4.1. Figure 4b (53079_EYim_Figure 4b.tiff) (Video Editor: Highlight the last column of the graph when mentioned in the last line.) 

5.5. PCL-IPC composite scaffolds that contain both topography and controlled nerve growth factor release may have a synergistic effect on cellular behavior. Human mesenchymal stem cells grown to nanopatterned composite scaffolds showed a higher level of neuronal differentiation compared to cells exposed to either topography or growth factor alone.   
5.5.1. 53079_EYim_Figure 5.psd (Video Editor: Highlight part A with the first sentence and first part of the 2nd sentence. Highlight part B with the word “topography” and part C with the words “growth factor alone”.   

6. Conclusion (said by authors on camera) 
6.1. MFAC: While attempting this procedure, it’s important to remember to mix the desired hydrophilic molecule into the polyelectrolyte solution with a similar net charge for its incorporation into the interfacial polyelectrolyte fibers.  
6.2. EKFY: After watching this video, you should have a good understanding of how to create composite polymeric scaffolds with capacity for controlled release of biomolecules. 
6.3. EKFY: The knowledge gained in this video should allow you to create other types of polymeric scaffolds with sustained growth factor release, multiple growth factor release, or a gradient of biochemical cues that recapitulates the physiological niche. 
6.4. BKKT: Don't forget that working with sodium hydroxide, acetic acid and dichloromethane can be extremely hazardous and precautions such as use of personal protective equipment and the fume hood 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.  
	
53079_EYim_beaded fiber.pptx – Protocol (section 2.6). 
53079_EYim_Schematic.ai – Introduction (section 1A)
53079_EYim_Figure 2.tiff –  Results (section 5.1)
53079_EYim_Figure 3a.tiff – Results (section 5.2.1)
53079_EYim_Figure 3b.tiff – Results (section 5.2.2)
53079_EYim_Figure 4a.tiff – Results (section 5.3.1)
53079_EYim_Figure 4b.tiff – Results (section 5.4.1)
53079_EYim_Figure 5.psd – Results (section 5.5.1)

Figure caption for 53079_EYim_beaded fiber.pptx: (A) Optical microscopy shows difference between beadless and beaded fibers. (B) Fluorescence microscopy shows fluorescence signal from beaded and beadless IPC fibers incorporated with fluorescent fibronectin (488) Scale bar = 50 µm. 

Additional references (cited in the script)
1. Liao IC, Wan ACA, Yim EKF & Leong KW. Controlled release from fibers of polyelectrolyte complexes. J Control Release. 104 (2), 347-358, doi: 10.1016/j.jconrel.2005.02.013 (2005). 

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, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments
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