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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? NO 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? NO
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. 2.6, 2.7, 3.3, 4.6, 5.2, 5.3.
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. Electrospinning (4.6): obtaining an acceptable jet (i.e., Taylor cone) so that meshes/fibers are not wet/clumpy or do not contain particulate debris.
E.  Will the filming need to take place in multiple locations? YES If yes, how far apart are the locations? (1) Same building, different rooms, 20 feet apart (synthesis & electrospinning). (2) Different building, ½ block away (contact angle goniometry).
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to fabricate biodegradable fibrous meshes and nano- or microparticle coatings from blends of biomedical polymers, and to tune the wettability of these materials by varying the copolymer blend. (Intro)
This is achieved by first synthesizing functionalizable copolymers in a ring opening polymerization and subsequently grafting on hydrocarbon C-18 chains. (C1: Start by showing the top 2 chemical structures, then bring them together and fade out on them while fading in to reveal the lower polymer chain.)
As a second step, the copolymers are dissolved along with polycaprolactone or poly(lactide-co-gycolide) in an organic solvent and subsequently electrospun or electrosprayed, which results in three-dimensional microfiber meshes or nano/microparticle coatings, respectively. (C2: Add 2 clear solutions into the same vail (DAM ID 3077) using a pipette (DAM ID 189) by the word “solvent”. Then, draw up the solution (green/clear is fine, but don’t add the particles) in the syringe from DAM ID 3871 and place it back onto the electrospinning setup from DAM ID 3871.  Spray the contents of the syringe onto the mandrel from 3871 in streams.)  

Contact angle goniometry studies are then performed on the meshes and coatings in order to understand how fiber diameter, copolymer composition, and blend composition affect surface wettability and lead to superhydrophobic biomaterials. (C3: Start by showing the left image only.  Animate it by starting with a small droplet and then growing it as the plunger on the syringe depresses until it is the size shown in C3.  Add the label “Advancing” underneath it as it grows.  Then pause for a second and begin to draw the plunger of the syringe back up and shrink the water droplet until it is the size of the one with the word “Receding” in it. Add this label below the image once it starts to shrink.  Label the bottom surface as “Polymer Mesh” from the start of the animation.)
The results show how hydrophobicity is enhanced by increasing the concentration of copolymer in the electrospun blend, as determined by advancing and receding water contact angle studies. (C4: Show the graph presented in C4 (Figure 3b).)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jonah Kaplan: The implications of this technique extend toward situations such as chemotherapy because these materials can serve as local drug delivery depots for sustained-release of an entrapped agents, with the rate of drug release being controllable by polymer composition and surface roughness.
2. Protocol (read by voice talent at JoVE): 
3. Copolymerization of D,L,-lactide/ε-caprolactone with 5-benzyloxy-1,3-dioxan-2-one.
3.1. To begin, synthesize the monomer required for the experiment by following the instructions in the accompanying text protocol. [2.1.1 - MED]
3.1.1. Talent scrapes crystalized polymer into a vial.

3.2. Then, pre-heat a silicone oil bath to 140 °C. [2.2.1 - MED]
3.2.1. *Film as written
3.3. Measure out 2 portions, 2.1 grams each, of 5-benzyloxy-1,3-dioxan-2-one and add it to separate, dry 100 milliliter round-bottom flasks. [2.3.1 - MED] Next, measure out 5.7 grams of D,L-lactide and add to only one of these flasks. [2.3.2 - CU]
3.3.1. *Film as written
3.3.2. *Film as written
3.4. Add a magnetic stir bar to both flasks and seal the flasks with rubber stoppers. [2.4.1 - CU]
3.4.1. *Film as written
3.5. Next, measure 240 milligrams of tin-2 ethylhexanoate in a small pear-shaped flask.  [2.5.1 - MED]
3.5.1. *Film as written
3.6. Flush both flasks containing the monomer with nitrogen on a Schlenk manifold for 5 minutes [2.6.1 - MED/CU] and then add 4.24 milliliters of ε-caprolactone to the flask containing only 5-benzyloxy-1,3-dioxan-2-one while under nitrogen. [2.6.2 - MED]
3.6.1. *Film as written
3.6.2. *Film as written
3.7. Evacuate all three flasks’ atmospheres by applying high-vacuum of about 300 mTorr for 15 minutes to remove any trace water. [2.7.1 - MED]
3.7.1. *Film as written
3.8. Then, recharge the flasks’ atmosphere with nitrogen and again pull a high-vacuum.  Repeat this cycle for a total of 3 times. [2.8.1 - CU] Once purged and under nitrogen for the last time, place the monomer flasks in the 140 °C oil bath. [2.8.2 - MED]
3.8.1. *Film as written
3.8.2. *Film as written
3.9. Next, add 500 microliters of dry toluene to the pear-shaped flask with the tin catalyst while under nitrogen. [2.9.1 - CU] Add about 100 microliters of the catalyst to the monomer mixtures once all solids have melted. [2.9.2 - CU]
3.9.1. *Film as written
3.9.2. *Film as written
3.10. Keep the mixture at 140 °C for no more than 24 hours, then cool the molten polymer to room temperature. [2.10.1 - MED] Once cooled, dissolve the polymers in 50 milliliters of dichloromethane and then precipitate the solution into 200 milliliters of cold methanol. [2.10.2 - MED]
3.10.1. Talent turns off the heat source and checks the temperature of the polymer.
3.10.2. *Film as written. (dichloromethane added). TEXT NOTE: Dissolution may take 10-24 hours to complete. **
2.10.2a **Fade to black. Reappear to show precipitation step
3.11. Decant the supernatant [2.11.1 - CU] and dry the remaining polymer under high-vacuum.  [2.11.2 - CU] Store the dried polymers in the -20 °C freezer until further use.  [2.11.3 - MED]
3.11.1. *Film as written
3.11.2. *Film as written
3.11.3. Talent places the polymers in the freezer.
4. Polymer Modification: Deprotection and Grafting 
4.1. Dissolve about 6 grams of the polymer into 120 milliliters of tetrahydrofuran in a high-pressure hydrogenation vessel. [3.1.1 - MED] Then, add 2 grams of a palladium-carbon catalyst. [3.1.2 - CU]
4.1.1. *Film as written
4.1.2. *Film as written
4.2. Next, add hydrogen to the vessel using a hydrogenation apparatus. [3.2.1 - MED - TXT] Hydrogenate the vessel at 50 psi for 4 hours. [3.2.2 - CU]
4.2.1. *Film as written (TEXT: CAUTION: Hydrogen gas is extremely flammable!  Be sure to inspect supply lines before use.)
4.2.2.  Close up of hydrogenation apparatus in action.
4.3. Once complete, filter out the palladium-carbon catalyst using a packed bed of diatomaceous earth. [3.3.1 – CU - TXT] Then, concentrate the polymer to about 50 mL under rotary evaporation.  [3.3.2 - MED - TXT] Precipitate the remaining volume into cold methanol. [3.3.3 - CU]
4.3.1. *Film as written (TEXT: CAUTION: Dry palladium particulates can spontaneously ignite. Take preventative measures.)  
4.3.2. *Film as written 
4.3.3. *Film as written
4.4. Next, decant the supernatant and then dry the remaining volume under high-vacuum.  [3.4.1 - MED] Dissolve the dried polymer along with 1.5 equivalents of stearic acid into 500 milliliters of dry dichloromethane. [3.4.2 - CU]
4.4.1. Talent decants the supernatant and then places the sample under high vacuum.
4.4.2. *Film as written
4.5. Then, add 2 equivalents of DCC and 3 flakes of 4-dimethylaminopyridine. [3.5.1 - CU - TXT] Stir the mixture under nitrogen at room temperature for 24 hours. [3.5.2 - MED]
4.5.1. *Film as written (TEXT: DCC = N,N’-dicyclohexylcarbodiimide )
4.5.2. *Film as written
4.6. Remove the insoluble material through a series of 3 repeated filtrations and concentrations. [3.6.1 - CU] At the end, concentrate the solution to 50 milliliters. [3.6.2 - CU]
4.6.1. Talent filters the solution
4.6.2. Talent sets up the solution to concentrate it down to 50 mL.
4.7. Finally, precipitate the concentrated polymer into 175 milliliters of cold methanol [3.7.1 - CU] and filter the polymer using a Büchner funnel. [3.7.2 - CU] Then, dry the polymer under high-vacuum overnight. [3.7.3 - MED]
4.7.1. *Film as written

4.7.2. *Film as written

4.7.3. *Film as written

5. Electrospinning/electrospraying polymer solutions 
5.1. For electrospinning, dissolve the polymer overnight at 10 to 40% in a 5 to 1 mixture of chloroform and methanol for polycaprolactone, or a 7 to 3 mixture of tetrahydrofuran and N,N-dimethylformamide for PLGA. [4.1.1 - MED]
5.1.1. Talent prepares 2 solutions (PCL / PLGA mixtures) that are clearly labeled.
5.2. For electrospraying, prepare the polymer solutions at a lower concentration, in the range of 2 to 10%, in a solvent such as chloroform. [4.2.1 - MED]
5.2.1. Talent prepares “Electrospraying Solution”

5.3. Next, load approximately 4.5 milliliters of the solution into a glass syringe equipped with an 18 gauge needle and place the syringe onto the syringe pump. [4.3.1 - MED] Then, set the rate at which to dispense this solution to 5 mL/hr. [4.3.2 - CU]
5.3.1. *Film as written

5.3.2. *Film as written

5.4. Cover the collector plate with aluminum foil and secure the foil with masking tape along the outer edges. [4.4.1 - CU]
5.4.1. *Film as written

5.5. Attach the high voltage DC supply wire to the needle tip and the ground to the collector drum. As a first attempt, set the tip-to-collector distance at 15 centimeters. [4.5.1 - CU - TXT]
5.5.1. Talent attaches clip to needle tip, grounds the collector, then holds up a ruler showing the distance is set at 15 cm. 
5.6. To cover a large area, turn on the rotating and translating collector drum at 45 RPMs. [4.6.1 - CU] Then, start the syringe pump and turn on the high voltage source, set at 5 kV initially. [4.6.2 - MED] Adjust the voltage if necessary to achieve an acceptable Taylor Cone. [4.6.3 - ECU]
5.6.1. Talent starts the rotating collector drum and sets it to 45 RPMs

5.6.2. *Film as written

5.6.3. Close up of Taylor Cone in action

5.7. Once the syringe pump stops, turn off the high voltage source followed by the syringe pump and the motorized drum. [4.7.1 - MED] Allow the electrospinning enclosure to continue ventilating for at least 30 minutes. [4.7.2 - MED]
5.7.1. *Film as written

5.7.2. Still image of the setup in the hood after spinning has taken place *Videographer: Try to leave room at the bottom of the screen for the caution statement to be added in a text bubble. (TEXT: CAUTION: High voltages and flammable solvents are involved in electrospinning/electrospraying. Provide adequate ventilation to outside exhaust, and never touch the syringe/needle or open the enclosure until absolutely certain the HVDC supply is off.)
5.8. Then, remove the collected polymer from the drum and allow trace solvents to evaporate in a hood overnight. [4.8.1 - MED] PGLA sheets can be stored at room temperature for at least 2 weeks and polycaprolactone sheets can be stored at room temperature for up to 2 months.  [4.8.2 - CU]
5.8.1. *Film as written

5.8.2. Talent places sheets of the material in a covered enclosure to store them.
6. Determining non-wetting properties
6.1. Cut 0.5 cm x 3 cm strips of the mesh or coated material and place the thin strip on the stage of a contact angle goniometer. [5.1.1 - MED]
6.1.1. Talent places cut strips of the material onto the contact angle setup.
6.2. Then, dispense a 5 microliter droplet of water using a 24 gauge needle [5.2.1 - MED] and make contact with the material surface. Continue to slowly add an additional 20 to 25 microliters of water and capture the droplet image. This represents the advancing water contact angle.  [5.2.2 - ECU]
6.2.1. *Film as written

6.2.2. Very close shot showing droplet making contact with the material and slowly growing until it is at max size.
6.3. Next, slowly withdraw this same drop while simultaneously capturing its drop profile. [5.3.1 - ECU]
6.3.1. *Film as written
6.4. Repeat this process 10 times on several discrete surface locations to report an average value.  [5.4.1 - CU]
6.4.1. Talent moves the sample and performs another measurement.
NOTE: LAB MEDIA ALSO PROVIDED FOR ADDING TO VIDEO, SHOWING THIS PROCEDURE.  They are labeled "53117_Section 5_Video_1; ...Video_2; and ...Video_3" (three files total). These three videos show contact angle measurements. Not all three need to be shown, but Kai-Jae recommended sending in everything to have the team edit what they feel is of good quality and useful.
7. Results: Superhydrophobic Bulk Materials are Important for Non-wetting Applications
7.1. SEM imaging reveals that the electrospun meshes are the result of entangled microfibers and the electrosprayed coatings are a collection of particles of varying sizes. [6.1.1 - LM]
7.1.1. Figure 4B and Figure 4D (Video Editor: Add the label “PLGA + 10% PLA-PGC18” above Figure 4B and “PCL + 30% PCL-PGC18” above Figure 4D.  Highlight Figure 4B with the first half of the sentence and Figure 4D with the 2nd half.

7.2. Electrospinning…and electrospraying blends reveal that copolymer dopant concentration affects hydrophobicity… [6.2.1 - LM]. Additionally, copolymer composition affects hydrophobicity with greater PGC18 (pronounced: pee-gee-see-eighteen) content yielding higher contact angles. [6.2.2 - LM] 
7.2.1. Figure 3B and Figure 3E (Video Editor: Highlight Figure 3B with the word “electrospinning” and Figure 3E with the word “electrospraying”.
7.2.2. Figure 3C (Video Editor: Highlight the x-axis labels)
7.3. As shown here, the bulk wetting of submerged electrospun meshes can be tracked non-destructively over time using microcomputed tomography. In the top set of images, the pure polycaprolactone mesh rapidly wets as water infiltrates the bulk material in the first day. [6.3.1 - LM] In contrast, the meshes doped with 30% PCL-PGC18 (pronounced: pee-see-el-pee-gee-see-eighteen) remain non-wetted for more than 75 days, with air remaining within the bulk structure. [6.3.2 - LM]  These results illustrate the importance of superhydrophobic bulk materials for their use in non-wetting applications. [6.3.3 - LM]  
7.3.1. Figure 6 (Video Editor: Highlight the top set of images (Figure 6A).

7.3.2. Figure 6 (Video Editor: Highlight the bottom set of images (Figure 6B).

7.3.3. Figure 6 
8. Conclusion (said by authors on camera)
8.1. Jonah Kaplan: Once mastered, the polymer chemistry procedure can be performed in as little as 3-4 days with careful planning. Furthermore, once suitable electrospinning or electrospraying parameters have been identified, the fabrication of meshes and particle coatings can be performed in 1-3 hours, depending on desired thickness of these materials.
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.  

6.1 – 53117_Grinstaff_Figure4.tif – scanning electron microscopy on electrospun meshes and electrosprayed particles
6.2 – 53117_Grinstaff_Figure3.tif – advancing and receding water contact angles of electrospun meshes and electrosprayed particles

6.3 – 53117_Grinstaff_Figure6.tif – microcomputed tomography imaging of bulk wetting of electrospun meshes
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


