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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.2., 2.3., 3.4.-3.6.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.4.-3.6. Successful stretching is the most difficult aspect of this procedure. If not loaded correctly, the films will slip out from the grips or break during stretching. To ensure success, make sure film edges are aligned with the edges of the grips and that screws are tightened as much as possible.
E. Will the filming need to take place in multiple locations? N
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. Jordan Green: This method can help answer key questions in the immunoengineering field, such as what is the role of particle physical properties on biomaterial-immune cell interactions and activation?
1.2. Elana Ben-Akiva: The main advantage of this technique is that it enables an independent control of the size and shape of biomimetic particles.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Kelly Rhodes: The implications of this technique extend toward the therapy of cancer, as it is an off-the-shelf particle therapy that can cause in vivo cell-mediated immune responses. 

1.4. Randall Meyer: Though this method can provide insight into cancer immunotherapy, it can also be applied to other systems, such as infectious diseases or type 1 diabetes.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Johns Hopkins University.
Protocol: (read by voice talent at JoVE)
2. Tunable Spherical Poly(Lactic-Co-Glycolic Acid) (PLGA) Fabrication
2.1. For microparticle synthesis, begin by weighing out 100 mg of poly lactic-co-glycolic acid, or PLGA, into a scintillation vial [1-WIDE] and dissolving the PLGA in 5 mL of dichloromethane by vortexing [2-MED].
2.1.1.  Talent adding PLGA to vial on balance, with PLGA stock container visible in frame
2.1.2. Talent vortexing vial
2.2. Place a homogenizer in beaker containing 50 mL of 1% polyvinyl alcohol, or PVA, solution [1-MED-TXT] so that the homogenizer is as close to the bottom of the beaker as possible without touching it [2-CU].
2.2.1. Talent placing homogenizer into beaker (TEXT: See text for all reagent preparation details)
2.2.2. Shot of homogenizer close to bottom without touching
2.3. Turn on the homogenizer to the appropriate speed [1-MED-TXT] and add the PLGA solution to the beaker for 1 minute of homogenization [2-CU].
2.3.1. Talent setting speed (TEXT: i.e., 3-micrometer diameter particles: 3200 rpm; 5-micrometer diameter particles: 5000 rpm; 1 micrometer diameter particles: 15,000 rpm)
2.4. At the end of the homogenization, pour the polyvinyl alcohol-PLGA microparticle solution into a beaker containing 100 mL of 0.5% PVA solution on a stir plate in a chemical hood [1-MED] and stir the solution for at least 4 hours [2-CU].
2.4.1. Talent pouring solution into beaker on stir plate

2.4.2. Solution being stirred

2.5. When the solvent has evaporated, pour the particle solution into 50-mL conical tubes [1-MED] and collect the particles by centrifugation [2-MED-over the shoulder-TXT].

2.5.1. Talent pouring solution into tube(s)

2.5.2. Talent adding tube(s) to centrifuge (TEXT: 5 min, 3000 x g, 4 °C)
2.6. Replace the supernatant in each tube with 20 mL of deionized water [1-CU] and resuspend the particles by vortexing [2-MED].

2.6.1. Shot of one particle pellet, then water being added to tube

2.6.2. Talent vortexing tube(s)

2.7. Then bring the final volume in each tube up to 50 mL with fresh deionized water [1-CU] and wash the particles two more times as just demonstrated [2-MED-over the shoulder].

2.7.1. Water being added up to 50 mL mark in one tube

2.7.2. Talent adding tube(s) to centrifuge
2.8. For nanoparticle synthesis, dissolve 200 milligrams of PLGA in 5 mL of dichloromethane [1-MED] and place a sonicator probe in a beaker containing 50 mL of 1% PVA solution on ice without touching the bottom of the beaker [2-CU].
2.8.1. Talent vortexing vial

2.8.2. Probe being placed into beaker on ice

2.9. Begin the sonication at 12 watts [1-MED] and immediately add the PLGA solution to the beaker for a 2-minute sonication to generate nanoparticles with an approximate 200-nm diameter [2-CU].
2.9.1. Talent starting sonication

2.9.2. PLGA solution being added to beaker/being sonicated 
2.10. After sonication, pour the 1% polyvinyl alcohol-PLGA nanoparticle solution into a beaker containing 100 mL of 0.5% PVA solution [1-MED] on a stir plate for 4 hours of solvent evaporation in a chemical fume hood [2-CU].
2.10.1.  Talent pouring solution into beaker
2.10.2.  Shot of solution being stirred
2.11. When all of the solvent has evaporated, pour the particle solution into 50-mL conical tubes for centrifugation to remove any microparticles [1-MED-over the shoulder] and remove the supernatants [2-CU].
2.11.1.  Talent pouring solution into tube(s). Shot of pellet(s), then supernatant being removed from one tube 
2.11.2.  Shot of pellet(s), then supernatant being removed from one tube
2.12. Then transfer the nanoparticles into high speed centrifuge tubes [1-CU] for three washes in deionized water as demonstrated [2-MED-TXT]. 
2.12.1.  Particles being poured into tube
2.12.2.  Talent adding deionized water to tube(s), with centrifuge visible in frame (TEXT: 15 min, 40,000 x g, RT, x3)
3. Tunable Polymeric Particle Fabrication
3.1. For polymeric particle fabrication, after the last wash, resuspend the particles in approximately 1 mL of fresh deionized water [1-WIDE] and add film casting solution to the particles to a final concentration of 2.5 mg/mL particles [2-MED].
3.1.1. Talent adding water to tube(s)

3.1.2. Talent adding solution to tube(s), with solution container visible in frame

3.2. Transfer the particle suspension in 10-mL aliquots into 75 x 50-mm rectangular Petri dishes for one-dimensional stretching [1-MED-over the shoulder] or in 15-mL aliquots into 100 x 100-mm square Petri dishes for two-dimensional stretching [2-CU].

3.2.1. Talent adding particles to 75 x 50 dish

3.2.2. Particles being added to 100 x 100 dish 

3.3. After overnight drying in a chemical hood, use tweezers to remove the films [1-CU] and trim the edges with scissors [2-CU-TXT].
3.3.1. Film being removed

3.3.2. Edge being trimmed (TEXT: Save edges for use as spherical particles)

3.4. For 1D stretching, place the two short edges of one film between two pieces of neoprene rubber [1-CU] for mounting onto the aluminum blocks of one axis of an automated thin film stretching device [2-MED].
3.4.1. Short edge being placed between pieces of neoprene rubber

3.4.2. Talent mounting rubber/film onto aluminum block(s)
3.5. Then use an Allen wrench to screw the metal grips on top of the rubber to hold the film in place [1-CU].
3.5.1. Grips being screwed

3.6. For 2D stretching, mount all four edges onto four aluminum blocks to stretch the film on both axes [1-MED].
3.6.1. Talent mounting film onto four blocks
3.7. Measure and record the length of film in between the aluminum blocks on one axis for 1D stretching or both axes for 2D stretching [1-CU] and calculate the distance required to stretch the film in one or two directions based on the desired fold-stretch [2-MED-over the shoulder]. 
3.7.1. Distance being measured

3.7.2. Talent at computer/calculator, calculating stretching distance, with monitor visible in frame Author note: Filmed calculating stretching distance on calculator not computer; monitor was not visible in frame
3.8. Then place the film-loaded stretching device in an oven at 90 °C [1-MED] next to a large beaker with a small amount of water to bring the film to temperature over 10 minutes [2-CU]. 
3.8.1. Talent placing device into oven

3.8.2. Beaker being placed next to device

3.9. When the stretching is complete, let the film cool to room temperature for 20 minutes [1-MED].
3.9.1. Talent placing device at room temperature

3.10. For 1D stretching, cut the film out of the stretching device at the edges [1-CU]. For 2D stretching, cut out and save the center square of film that is uniformly stretched on both axes [2-CU].
3.10.1.  Film being cut at edges
3.10.2.  Center square being cut
3.11. Place the films in 50-ml conical tubes with no more than 2 films per tube [1-MED-TXT] and add approximately 25 mL of deionized water to each tube for vortexing [2-CU].
3.11.1.  Talent adding film(s) to tube(s) (TEXT: Discard rest of film)

3.11.2.  Water being added to tube(s), with vortex visible in frame

3.12. When the films have dissolved [1-CU], wash the particles three times in deionized water as demonstrated [2-MED], resuspending the particles in approximately 1 mL of fresh deionized water per tube after the last wash [3-MED].
3.12.1.  Shot of tube w/ dissolved film(s)

3.12.2.  Talent adding tube(s) to centrifuge

3.12.3.  Talent adding water to tube(s)

3.13. Then freeze the particles at -80 °C for 1 hour [1-MED] for overnight lyophilization [2-CU].

3.13.1.  Talent adding tube(s) to -80 °C 

3.13.2. Tube(s) being added to lyophilizer

4. Surface Protein Conjugation for Artificial Antigen Presenting Cell (aAPC) Creation
4.1. The next morning, resuspend the lyophilized micro- or nanoparticles at 20 milligrams/mL in freshly-prepared MES (M-E-S) buffer with vortexing [1-WIDE-TXT].
4.1.1. Talent adding MES to tube(s) while vortexing/with vortex in frame [TEXT: MES: 2-(N-Morpholino)ethanesulfonic acid]
4.2. Add 100 microliters of the particle solution to a polypropylene microcentrifuge tube containing 900 microliters of MES buffer [1-MED] and add 100 microliters of freshly-prepared EDC-NHS solution [2-CU-TXT].
4.2.1. Talent adding particle solution to microcentrifuge tube, with MES buffer container visible in frame

4.2.2. EDC-NHS being added to tube, with EDC and NHS container labels visible in frame [TEXT: EDC: 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide; NHS: N-hydroxysulfoxuccinimide]
4.3. Mix the particles by vortexing [1-MED] and incubate the particles on an inverter at room temperature for 30 minutes [2-CU].
4.3.1. Talent vortexing particles

4.3.2. Shot of particles on inverter

4.4. At the end of the incubation, collect the particles by centrifugation [1-MED-over the shoulder-TXT] and resuspend the microparticle pellets in 1 mL of PBS by vortexing [2-CU] or resuspend the nanoparticle particles in 1 mL of PBS by five seconds of sonication at 2-3 Watts [3-CU].

4.4.1. Talent adding tube(s) to centrifuge (TEXT: Microparticles: 5 min, 5000 x g, RT; Nanoparticles: 5 min, 17,000 x g, RT)

4.4.2. Microparticles being vortexed

4.4.3. Nanoparticles being sonicated

4.5. Next, add 8 micrograms of a suitable signal 1 protein and 10 micrograms of anti-mouse CD28 antibody to the microparticles [1-MED] or 16 grams of the signal 1 protein and 20 micrograms of anti-mouse CD28 to the nanoparticles [2-CU].
4.5.1. Talent adding protein to microparticles, with protein and antibody containers visible in frame

4.5.2. Protein being added to nanoparticles, with protein and antibody container labels visible in frame

4.6. Bring the final volume in each tube to 1.1 mL with PBS [1-MED] and incubate the particles overnight on the inverter at 4 °C [2-CU].

4.6.1. Talent adding PBS to tube, with PBS container visible in frame

4.6.2. Tube on inverter
4.7. The next day, wash the particles three times in deionized water as demonstrated [1-MED].
4.7.1. Talent adding tube(s) to centrifuge 
5. Results: Representative Spherical and Ellipsoidal Particle Characterization
5.1. These PLGA nano- and microparticles were synthesized using the single emulsion techniques as demonstrated and imaged using transmission [1-LM] and scanning electron microscopy [2-LM].
5.1.1. Figure 3A+B.ai: Video Editor: please emphasize TEM images (from original Figure 3A)
5.1.2. Figure 3A+B.ai: Video Editor: please emphasize SEM images (from original Figure 3B)
5.2. The spherical nanoparticles had a diameter of 224 nm as measured by nanoparticle tracking analysis [1-LM].
5.2.1. Figure 3C.ai: Video Editor: please emphasize peak
5.3. After homogenization, the microparticles demonstrated an average diameter of about 3 micrometers [1-LM].
5.3.1. Figure 3D.ai: Video Editor: please emphasize data bar at about 3 micrometers
5.4. The spherical microparticles had an aspect ratio of about 1 [1-LM], while the 1D-stretched prolate ellipsoidal particles had a larger aspect ratio of about 3 and a half [2-LM] and the 2D-stretched oblate ellipsoidal particles had an aspect ratio of about 1.2, roughly maintaining an aspect ratio of one [3-LM].
5.4.1. Figure 3E.ai: Video Editor: please emphasize black data peak
5.4.2. Figure 3E.ai: Video Editor: please emphasize red data peak around 3.5
5.4.3. Figure 3E.ai: Video Editor: please emphasize blue data peak
5.5. Conjugation efficiency results revealed similar amounts of protein on the surface of spherical [1-LM] and ellipsoidal micro-artificial antigen presenting cells [2-LM], or aAPC (A-A-P-C), and nano-aAPC, demonstrating that protein coupling during aAPC synthesis occurs in a concentration-dependent manner [3-LM].
5.5.1. Figure 4A.ai: Video Editor: please emphasize green and red Spherical (w/ EDC-NHS) data bars
5.5.2. Figure 4A.ai: Video Editor: please emphasize green and red Ellipsoidal (w/ EDC-NHS) data bars
5.5.3. Figure 5A.ai: Video Editor: no animation
5.6. Prolate ellipsoidal aAPC were found to induce higher levels of T cell proliferation at sub-saturating doses [1-LM] than spherical aAPC [2-LM], with the best separation achieved at a 0.01 mg dose [3-LM].
5.6.1. Authors: please upload the graphs from Figure 4B and 5B through the submission link together in a single .ai or .psd file without the B labels: Video Editor: please emphasize red data lines in original Figure 5B graphs
5.6.2. Figure 45B: Video Editor: please emphasize red data lines in original Figure 4B graphs
5.6.3. Figure 45B: Video Editor: please emphasize both 0.01 mg graphs
5.7. After 7 days, manual counting of the T cells revealed that prolate ellipsoidal aAPC more effectively stimulate T cells [1-LM] compared to their spherical counterparts at the micro- [2-LM] and nanoscale in a dose-dependent manner [3-LM].
5.7.1. Authors: please upload the graphs from Figure 4C and 5C through the submission link together in a single .ai or .psd file without the C labels: Video Editor: please emphasize pink/red data bars in all graphs
5.7.2. Figure 45C: Video Editor: please emphasize white data bars in all graphs
5.7.3. Figure 45C: Video Editor: please emphasize x-axis in original Figure 4C graphs
6. Conclusion (said by authors on camera):
6.1. Kelly Rhodes: Following this procedure, aAPCs can be administered in vivo to gauge their therapeutic efficacy and pharmacokinetics. 
6.2. Jordan Green: After its development, this technique paved the way for researchers in the field of immunoengineering to explore the effect of anisotropy on aAPC efficacy.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
5.1.1, 5.1.2. Figure 3A+B.ai
5.2.1. Figure 3C.ai

5.3.1. Figure 3D.ai

5.4.1, 5.4.2, 5.4.3. Figure 3E.ai

5.5.1, 5.5.2. Figure 4A.ai

5.5.3. Figure 5A.ai

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 in the email accompanying the finalized script.

�Postshoot by Caitlin 
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