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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__  
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: _________NA______________________________
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.) ___________2.1, 2.5, 3.4, 3.7, 4.2, 5.1/5.3______________________________
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.) __It is very important that the electrospinning conditions are optimized prior to electrospinning (2.4 and 2.5). If the parameters are not set properly, fiber morphology and fabrication will be adversely affected. In addition it is important to follow the manufacturer’s protocol and optimize the ratio of reactants/reagents (3.2-3.3, 3.7) during surface modification to ensure maximum modification has been achieved. 
E.  Will the filming need to take place in multiple locations? (Y/N) __Y___ If yes, how far apart are the locations? ______2 blocks (walking distance)_________________

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 fabricate and surface modify poly(lactic acid-co-glycolic acid) electrospun fibers with varying amounts of the antiviral protein Griffithsin. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kevin Tyo: This method can help answer key questions in the drug delivery field, such as how to formulate and characterize new delivery vehicles that can prevent sexually transmitted viral infections, such as HIV-1. 
1.2. Hung Vuong: The main advantage of this technique is that the antiviral activity of GRFT is maximized by using polymeric electrospun fibers as a stationary scaffold to highly localize GRFT on the fiber surface.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jill Steinbach-Rankins: The implications of this technique extend toward therapy of other viral and bacterial infections, because of GRFT’s potent prophylactic and therapeutic potential against a variety of infection types.  
1.4. Jill Steinbach-Rankins: Though this method can provide insight into preventing HIV-1 infection, it can also be applied to other systems, such as other viral or bacterial infections in which GRFT has demonstrated potency.

Protocol: (read by voice talent at JoVE)

2. Preparation and Fabrication of the Electrospun Fiber Scaffold
2.1. [bookmark: _GoBack]To begin this procedure, weigh 720 mg of 50:50 PLGA (pronounced “P-L-G-A”) into a 10 mL scintillation vial [1-MED-TXT]. Using a serological glass pipette, add 3.0 mL of HFIP [2-MED-over the shoulder-TXT].
2.1.1. Talent weighs out 720 mg of 50:50 PLGA into a 10 mL scintillation vial. TEXT: poly(lactic-co-glycolic acid) (Editor: Use either this shot or 2.1.1B – whichever looks better)
2.1.1B. [Added Shot]: Added a closer shot (optional)
2.1.2. Talent uses a serological glass pipette to add 3.0 mL of HFIP to the scintillation vial. TEXT: HFIP: Hexafluoro-2-propanol
2.2. Cover the vial with plastic film [1-MED]. Then, measure and record the vial mass [2-MED-over the shoulder].
2.2.1. Talent covers vial with plastic film.
2.2.2. Talent measures the vial mass, and records this data in a lab notebook. 
2.3. Incubate the polymer suspension at 37 °C overnight to ensure complete dissolution of the polymer [1-MED/CU]. After this, prepare the electrospinning apparatus as outlined in the text protocol [2-MED-over the shoulder]. Use a 3 mL syringe to aspirate the polymer solution [3-MED].
2.3.1. Close up shot of the vial as it is incubating. Alternatively, if the door to the 37 °C incubator is not transparent at that cannot be filmed, instead film a [MED] shot of the talent putting the vial into the incubator.
2.3.2. Talent approaches the lab bench with the electrospinning apparatus. Alternatively, any shot of the talent setting up or adjusting the apparatus will suffice.
2.3.3. Talent uses a 3 mL syringe to aspirate the polymer solution.
2.4. Next, connect a blunt 18-guage, 0.5 inch needle tip to the syringe [1-MED-over the shoulder]. Dispense the excess solution to remove empty headspace in the needle tip [2-MED]. Place the syringe on a syringe pump, and set the instrument flow rate to 2.0 mL/h [3-MED-over the shoulder].
2.4.1. Talent connects a blunt 18-guage, 0.5 inch needle tip to the syringe. Film this as close to the needle-tip/syringe as possible.
2.4.2. Talent dispenses excess solution. Make sure the solution being expelled is visible in the shot.
2.4.3. Talent places the syringe on a syringe pump, and then sets the instrument flow rate to 2.0 mL/h.
2.5. Connect the power source to the syringe needle [1-MED]. Electospin the polymer solution using a voltage of +27 kV [2-MED-over the shoulder-TXT].
2.5.1. Talent connects the power source to the syringe needle.
2.5.2. Talent adjusts the voltage to +27 kV, and begins electrospinnning the polymer. TEXT: The needle should be ~25 cm from the collector. (Editor: For this shot, use either 2.5.2 or 2.5.3, whichever looks better)
2.5.3.  [Added Shot]: Added a close-up of mandrel and intermediate fiber formation.
2.6. After the entire solution is electrospun, turn off the power source [1-MED]. Allow the mandrel to spin for an additional 30 min to fully evaporate the solvent [2-CU]. Then, turn off the rotating mandrel collector [3-MED-over the shoulder].
2.6.1. Talent turns off the power source.
2.6.2. Shot of the mandrel continuing to spin.
2.6.3. Talent turns off the rotating mandrel collector.
2.7. Using a razor blade, gently peel the fiber from the mandrel [1-MED/CU]. Collect the electrospun PLGA fiber into a labeled Petri dish [2-MED-over the shoulder]. Place the dish in a desiccator overnight, to remove any residual solvent [3-MED/WIDE].
2.7.1. Talent uses a razor blade to gently peel the fiber from the mandrel. Film this as close up to the razor blade and mandrel as possible.
2.7.2. Talent collects the fiber into a labeled Petri dish.
2.7.2B. [Added Shot]: Added a close-up of fiber (optional) (Editor: Use 2.7.2B as an inlay during 2.7.2. Alternatively, swap 2.7.2B for 2.7.2 if it looks better)
2.7.3. Talent approaches a desiccator with the Petri dish in hand, and places the Petri dish inside the desiccator.
3. Surface-Modification of Fibers with GRFT
3.1. To begin, prepare the PBS and MES solutions as outlined in the text protocol [1-MED-over the shoulder-TXT]. Next, remove the EDC (pronounced “E-D-C”) and NHS (pronounced “N-H-S”) from the freezer [2-MED/WIDE-TXT]. Let them rest to equilibrate to room temperature [3-CU].
3.1.1. Talent, at the lab bench, mixes the reagents to make either the PBS or MES solutions. Any step in preparing either solution will suffice. TEXT: PBS: Phosphate-buffered saline, MES: 2-(N-morpholino)ethanesulfonic acid (Editor: Use either 3.1.1 or 3.1.1B, whichever looks better)
3.1.1B. [Added Shot]: Added a shot of adding to water.
3.1.2. Talent removes the EDC and NHS solutions from the freezer. TEXT: EDC: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide, NHS: N-hydroxysuccinimide
3.1.3. Shot of the EDC and NHS solutions on the lab bench as they equilibrate to room temperature.
3.2. After this, weigh 4 mg of EDC into a 1.5 mL microcentrifuge tube [1-MED-over the shoulder]. Weigh 6 mg of NHS into a different microcentrifuge tube [2-MED]. Add 1 mL of MES buffer to each tube [3-MED-over the shoulder].
3.2.1. Talent weighs 4 mg of EDC into a 1.5 mL microcentrifuge tube.
3.2.2. Talent weighs 6 mg of NHS into a different microcentrifuge tube.
3.2.3. Talent adds 1 mL of MES buffer to each tube.
3.3. Vortex both tubes vigorously to ensure the reagents are fully dissolved [1-CU]. Then, weigh 70 mg of hydroxylamine into a 50 mL conical centrifuge tube [2-MED-over the shoulder]. Add 20 mL of PBS, and vortex [3-MED].
3.3.1. Talent vortexes both tubes on a vortexer. If this cannot be filmed as a [CU], instead film the same action as a [MED] shot.
3.3.2. Talent weighs 70 mg of hydroxylamine into a 50 mL conical centrifuge tube.
3.3.3. Talent adds 20 mL of PBS to the 50 mL conical centrifuge tube, and then vortexes the tube.
3.4. Mass out an appropriate amount of PLGA fiber into a 15 mL conical centrifuge tube [1-MED-over the shoulder-TXT]. Add 8 mL of MES buffer to the fiber [2-MED]. Next, add 1 mL of both the EDC and NHS solutions [3-MED-over the shoulder].
3.4.1. Talent masses out 75 mg of PLGA fiber into a 15 mL conical centrifuge tube. TEXT: 75 mg is typically used.
3.4.2. Talent adds 8 mL of MES buffer to the 15 mL conical centrifuge tube.
3.4.3. Talent adds 1 mL of the EDC solution and 1 mL of the NHS solution to the 15 mL conical centrifuge tube.
3.5. Use plastic film to seal the 15 mL conical centrifuge tube [1-MED]. Place the tube on a rotator to gently invert the solution for 15 min at room temperature [2-MED-over the shoulder].
3.5.1. Talent uses plastic film to seal the 15 mL conical centrifuge tube.
3.5.2. Talent places the tube on a rotator. Hold the shot to shot the tube being inverted on the rotator.
3.6. After this, add 14 μL of β-mercaptoethanol to quench the reaction [1-MED]. Invert the tube several times to ensure complete mixing [2-MED-over the shoulder]. Discard the supernatant and rinse the PLGA fiber twice, using 10 mL of PBS for each wash [3-MED].
3.6.1. Talent adds 14 μL of β-mercaptoethanol to the 15 mL conical centrifuge tube.
3.6.2. Talent inverts the tube several times to mix the solution.
3.6.3. Talent washes the fiber once with 10 mL of PBS. The supernatant can be discarded before this shot
3.7. Add an appropriate amount of GRFT stock solution to the tube, as outlined in the text protocol [1-MED-over the shoulder-TXT]. Then, add enough PBS to bring the final volume to 8 mL [2-MED/CU]. Close and invert the tube to ensure thorough mixing [3-MED-over the shoulder].
3.7.1. Talent adds GRFT stock solution to the 15 mL conical centrifuge tube. TEXT: GRFT: Griffithsin
3.7.2. Talent adds PBS to the 15 mL conical centrifuge tube, until the final volume is 8 mL. Film this as close to the tube as possible, showing the solution fill the volume.
3.7.3. Talent inverts the tube several times to mix the solution.
3.8. Seal the tube with plastic film [1-MED]. Place the tube on the rotator to gently invert the solution for 2 h [2-MED-over the shoulder]. After this, quench the reaction by adding 2 mL of the prepared hydroxylamine solution and vortexing for 30 s [3-MED].
3.8.1. Talent uses plastic film to seal the tube.
3.8.2. Talent places the tube on the rotator. Hold the shot to show the rotator inverting the tube.
3.8.3. Talent adds 2 mL of hydroxylamine solution to the tube, and then vortexes the tube.
3.9. Discard the supernatant [1-MED-over the shoulder]. Rinse the surface-modified PLGA fiber twice, using 10 mL ultrapure water and vortexing for each wash [2-MED].
3.9.1. Talent uses a pipette to remove and then discards the supernatant.
3.9.2. Talent adds 10 mL ultrapure water to the tube, and then vortexes the tube.
3.10. Next, transfer the washed fiber to a Petri dish [1-MED-over the shoulder]. Place the Petri dish inside of a desiccator until the fiber is completely dry [2-CU 2.7.3]. Then, store the Petri dish at 4 °C [3-MED-over the shoulder].
3.10.1. Talent transfers the washed fiber from the tube to a Petri dish.
Shot of the fiber (in the Petri dish) in the desiccator while it dries. Alternatively, film a [MED] shot of the talent placing the dish in the desiccator. (Author Comment: Used previous shot 2.7.3 for this.)
3.10.2. Talent places the Petri dish in a freezer refrigerator at 4 °C.
4. Extraction of GRFT from Surface-Modified Fibers and Measuring GRFT Desorption from Fibers
4.1. To begin, set out three 1.5 mL microcentrifuge tubes [1-MED]. Mass out 2 mg of fiber into each [2-MED-over the shoulder]. Then, add 1 mL of DMSO to each tube [3-MED-TXT].
4.1.1. Talent sets out three 1.5 mL microcentrifuge tubes on the lab bench.
4.1.2. Talent adds 2 mg of fiber to each tube.
4.1.3. Talent adds 1 mL of DMSO to each tube. TEXT: DMSO: Dimethyl sulfoxide
4.2. Vortex for 1 min at room temperature to completely dissolve the fiber [1-CU]. After this, dilute a 10 μL aliquot at least 100-fold in TE buffer [2-MED-TXT]. Store at -20 °C, until loading characterization with ELISA [3-MED-over the shoulder].
4.2.1. Talent vortexes the tubes on a vortexer. Alternatively, film this same action as a [MED-over the shoulder] shot.
4.2.2. Talent dilutes a 10 μL aliquot. This can be done by adding a 10 μL aliquot from one of the tubes to another tube containing 1 mL of TE buffer. TEXT: TE: Tris-EDTA
4.2.3. Talent places the tubes into a -20 °C freezer.
4.3. Weigh out between 5 and 10 mg of surface-modified fiber and transfer it to a microcentrifuge tube [1-MED]. Record the fiber mass placed in each tube [2-MED-over the shoulder].
4.3.1. [Shots 4.3.1 and 4.3.2 combined] Talent transfers between 5 and 10 mg of surface-modified fiber into a microcentrifuge tube. 
4.3.2. Talent records the fiber mass placed in each tube into a lab notebook.
4.4. Next, add 1 mL of a solution that mimics the physiological environment of each sample [1-MED-TXT]. Incubate the samples on a rotating shaker at 200 rpm and 37 °C for 1 h [2-MED].
4.4.1. Talent adds 1 mL of solution (which will be at the lab’s discretion) to the microcentrifuge tube. TEXT: Ex: PBS, TE buffer, etc.
4.4.2. Talent places the tube onto a rotating shaker in an incubator, and adjusts the settings as necessary.
4.5. After this, remove approximately 1 mL of the solution containing the desorbed GRFT, and aliquot it into cluster tubes [1-MED]. Store at -20 °C, until ready to perform protein quantification [2-MED-over the shoulder]. 
4.5.1. Talent aliquots the 1 mL of removed solution into cluster tubes. The 1 mL can already be removed prior to this shot.
4.5.2. Talent places the samples into a -20 °C freezer.
4.6. Then, transfer the sample to a new microcentrifuge tube [1-MED]. Add 1 mL of fresh buffer solution, and incubate until the next time point, as outlined in the text protocol [2-MED-over the shoulder].
4.6.1. Talent transfers the sample into a new microcentrifuge tube.
4.6.2. Talent adds 1 mL of fresh buffer solution to the new microcentrifuge tube, and then sets the new microcentrifuge tube down on the lab bench.
5. Results: Characterization of Griffithsin-Modified Fiber Scaffolds
5.1. In this study, the conditions for fabricating PLGA electrospun fibers are examined [1-LM]. SEM analysis of blank, 0.05 nmol, 0.5 nmol, and 5 nmol GRFT fibers indicates that GRFT modification has no effect on fiber morphology [2-LM].
5.1.1. 56492_Steinbach-Rankins_Fig. 6.tif: Show only Figures 6A, 6B, 6C, and 6D (the SEM images at the top). Remove the figure text “A”, “B”, “C”, and “D” if possible.
5.1.2. 56492_Steinbach-Rankins_Fig. 6.tif: Highlight/pop each image as it is mentioned in the voiceover (6A is blank, 6B is 0.05 nmol, 6C is 0.5 nmol, and 6D is 5 nmol). Show text below the images saying “GFRT modification = no effect on morphology” during “…indicates that GRFT modification has no effect on fiber morphology.”
5.2. All of the formations are seen to have similar average diameters – around 1.9 μm – demonstrating the consistency of the modified fabrication process across batches [1-LM].
5.2.1. 56492_Steinbach-Rankins_Fig. 6.tif: Show only Figure 6E. Remove the figure text “E”. Show a red vertical line on the figure, indicating where 1.9 μm would be (and showing how each batch’s average diameter is near that value).
5.3. The amount of GRFT conjugated in the electrospun fibers is then determined [1-LM]. The 5 nmol modification contains 373 ng of GRFT, while the 0.5 and 0.05 modifications contains 165 and 42, respectively [2-LM]. This demonstrates that fibers conjugated with higher theoretical surface-modification density result in more GRFT conjugated to the fiber [3-LM].
5.3.1. 56492_Steinbach-Rankins_Fig. 7.tif: Show only Figure 7A. Remove figure text “A”.
5.3.2. 56492_Steinbach-Rankins_Fig. 7.tif: Still show only Figure 7A. Highlight/pop the data points for each GRFT modification as it is mentioned in the voiceover. If highlighting is used, each data point should be highlighted in a different color.
5.3.3. 56492_Steinbach-Rankins_Fig. 7.tif: Still show only Figure 7A. Show text saying “ Surface-modification density =  GRFT conjugated”.
5.4. However, an inverse correlation can be seen in the resulting conjugation efficiency [1-LM].
5.4.1. 56492_Steinbach-Rankins_Fig. 7.tif: Still show only Figure 7A. Show text next to the 373 data point saying “Conjugation efficiency = 0.6%”. Show text next to the 165 data point saying “Conjugation efficiency = 4.2%”. Show text next to the 42 data point saying “Conjugation efficiency = 6.9%”. Change the previous text from 6.3.3 to read ““ Surface-modification density =  Conjugation efficiency”.
5.5. Next, the amount of GRFT covalently conjugated to the fiber is assessed [1-LM]. Within the first 4 h, 113 ng, 25 ng, and 10 ng of GFRT per mg of electrospun fiber is detected in the 5 nmol, 0.5 nmol, and 0.05 nmol theoretical modification concentrations, respectively [2-LM].
5.5.1. 56492_Steinbach-Rankins_Fig. 7.tif: Show only Figure 7B. Remove the figure text “B”.
5.5.2. 56492_Steinbach-Rankins_Fig. 7.tif: Still show only Figure 7B. Highlight/pop the final data point for each sample as it is mentioned in the voiceover (the 113 ng data point for the 5 nmol sample, the 25 ng data point for the 0.5 nmol sample, the 10 ng data point for the 0.05 nmol sample).
5.6. After 4 h, negligible GRFT is detected in the release elute for all three formulations [1-LM]. This data indicates that the majority of GRFT is covalently bound to the electrospun fibers, and that the surface-absorbed GRFT is released within the first 4 h [2-LM].
5.6.1. 56492_Steinbach-Rankins_Fig. 7.tif: Still show only Figure 7B. Remove all previous highlighting. Highlight/block the area after 4 h, with text inside saying “Negligibly GRFT detected”.
5.6.2. 56492_Steinbach-Rankins_Fig. 7.tif: Still show only Figure 7B. Show text saying “GRFT: Majority covalently bound”.

[Author Comment: Please note in the final manuscript we will need to add a grant under Acknowledgments.]
6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Please choose the statement(s) you wish to conclude the video and indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the given prompts as necessary to better fit your protocol.

6.1. Kevin Tyo: Once mastered, this technique can be done in approximately four days. Electrospinning the polymer fiber scaffold requires two days to prepare the polymer solution and electrospin; whereas, surface-modification, subsequent drying, and fiber characterization requires at least two additional days. 
6.2. Kevin Tyo: While attempting this procedure, it’s important to remember to maintain the proper ratios of reagents to ensure appropriate modification. Furthermore, it is important to verify that the electrospinning parameters are correct to ensure appropriate fiber morphology.
6.3. Hung Vuong: After its development, this technique paved the way for researchers in the field of drug delivery to fabricate electrospun fibers that not only encapsulate antiviral agents within the fibers, but have the capacity to conjugate active agents to the fiber surface.
6.4. Hung Vuong: After watching this video, you should have a good understanding of how to electrospin polymeric fibers, perform surface-modification of fibers with the antiviral protein GRFT, and quantitate GRFT conjugated to the fiber.
6.5. Kevin Tyo: Don't forget that working with reagents such as HFIP, β-mercaptoethanol, EDC, and NHS can be extremely hazardous and precautions such as proper application of PPE and use of chemical fume hoods 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.  

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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