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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)___Y______  

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: ___N/A__________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 

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.) ____2.2.1, 2.6.1, 2.7.1, 2.7.2, 2.8.1_______________________________________
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.) ___________________________
2.7.2 – depressing the syringes as quickly as possible and with equal force is critical.

2.8.1 – performing the multiple impingements needs to happen expeditiously to reduce solvent evaporation.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y ___ If yes, how far apart are the locations? ________40 feet __________________________________________

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. Evan Scott: This method can help answer questions in the drug delivery field, regarding scalable loading and fabrication of drug-loaded nanocarriers, as well as the biodistribution and toxicity of polymeric nanoparticles in animal models [1-MED].
1.1.1. Evan speaks towards camera (looking towards the camera), interview style. 
1.2. Evan Scott: The main advantages of this technique are that it is fast and scalable.  It also allows for the loading of diverse molecules, and can be performed under sterile conditions [1-MED]. 
1.2.1. Evan speaks towards camera (looking towards the camera), interview style. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sean Allen: Generally, individuals new to polymer synthesis may struggle because the polypropylene sulfide component is highly sensitive to oxidation by exposure to air [1-MED].
1.3.1. Sean speaks towards camera (looking towards the camera), interview style. 
1.4. Michael Vincent: Visual demonstration of this method is critical as the multiple impingement steps are difficult to learn, because they need to be performed very quickly in succession [1-MED].   
1.4.1. Michael speaks towards camera (looking towards the camera), interview style. 
Protocol: (read by voice talent at JoVE)
2. Assemble PEG-bl​-PPS Nanocarriers via Hand-Powered Flash Nanoprecipitation

2.1. To sterilize the confined impingement jets, or CIJ, mixer, work within a biological safety cabinet to submerge the mixer with all parts disassembled … [1-MED] into 0.1 Molar sodium hydroxide, overnight [2-CU].
2.1.1. Talent working in the biological safety cabinet as talent motions to place the disassembled mixer into a labeled container.  Continue/match action in next shot.
2.1.2. Disassembled mixer as talent places it into a labeled container of 0.1 M NaOH.
2.2. Reassemble the CIJ mixer, and flow endotoxin-free water through the mixer using luer-lock syringes [1-MED-over the shoulder].  Test the pH of the water, and continue to flow water through until the pH registers as neutral [2-CU].
2.2.1. Reassembled mixer as talent attaches the luer-lock syringes and begins to flow endotoxin-free water through it.
2.2.2. pH strip as talent measures the pH of the flow-through
2.3. To prepare impingement solution 1, first weigh 20 milligrams of the synthesized polymer into a 1.5 milliliter tube [1-MED-TXT].  Then, add hydrophobic dyes, drugs, or other cargo [2-CU].  Finally, add 500 microliters of 100% tetrahydrofuran to the polymer and cargo.  Vortex vigorously to dissolve [3-MED-over the shoulder].
2.3.1. Talent weighs 20 milligrams of PEG17-bl-PPS35-SH into a 1.5 milliliter tube.  Use labeled containers.  TEXT Overlay: See text for PEG17-bl-PPS35-SH synthesis
2.3.2. Impingement solution as talent adds the hydrophobic dyes, drugs and cargo.
2.3.3. Talent adds 500 microliters of 100% THF from a labeled container, and vortexes vigorously.
2.4. To prepare impingement solution 2, dissolve the hydrophilic cargo to be loaded within the polymer vesicles in 500 microliters of an aqueous buffer [1-CU].
2.4.1. Tube containing 500 microliters of an aqueous buffer as talent dissolves hydrophilic cargo to be loaded within the polymer vesicles there.
2.5. Add 2.5 milliliters of an aqueous buffer of choice to a suitably sized reservoir [1-MED].  Now, place the reservoir under the CIJ mixer such that the outflow from the mixer directly enters the reservoir [2-MED-over the shoulder]. 
2.5.1. Talent adds 2.5 mL of an aqueous buffer of choice to a 20 mL glass scintillation vial.  Use labeled containers.
2.5.2. Talent places the reservoir under the CIJ mixer such that the outflow from the mixer directly enters the reservoir.
2.6. Load the impingement solutions into separate 1 milliliter plastic disposable syringes [1-CU].
2.6.1. 1 mL plastic disposable syringes as talent loads the impingement solutions there.
2.7. Impinge the solutions against each other to simultaneously form nanostructures by inserting syringes into Luer-lock adapters at the top of the CIJ mixer [1-MED-over the shoulder].  In a single, smooth, and rapid motion, depress both syringes simultaneously and with equal force [2-CU].
2.7.1. Talent inserts the syringes into Luer-lock adaptors at the top of the CIJ mixer.
2.7.2. Syringes as talent depresses them both simultaneously and with equal force.
2.8. Michael Vincent:  If multiple impingements are going to be performed, it is critical that they are done as quickly as possible, to reduce the loss of volatile organic solvent [1-MED].
2.8.1. Michael speaks towards camera (looking slightly off-camera), interview style.    
2.9. To perform multiple impingements, split the nascent nanostructure solution between two syringes, and repeat this step up to 4 more times [1-MED].  Collect the outflow in the aqueous buffer-filled reservoir and gently stir to ensure mixing [2-CU].
2.9.1. Talent splits the solution between two syringes to repeat the step.
2.9.2. Aqueous buffer-filled reservoir as talent collects the outflow and gently stirs.
2.10. Sean or Michael: There are several options to remove the unloaded cargo and organic solvent.  The nanocarrier formulation can be removed through a size exclusion or desalting column, through a tangential flow filtration system, through vacuum desiccation, or through dialysis as demonstrated here [1-MED].  
2.10.1. Talent speaks towards camera (looking towards camera), interview style.
2.11. Dialyze the nanocarrier formulation in the same aqueous buffer and reservoir used for impingement [1-MED].  Use tubing of an appropriate molecular weight cutoff for at least 24 hours with at least 2 buffer changes [2-MED-over the shoulder-TXT].  
2.11.1. Talent pours the dialysis buffer into the container to be used for dialysis.  Use labeled containers.  
2.11.2. Talent places the filled dialysis buffer into the dialysis container.  TEXT Overlay: MW cutoff <100,000 kDa 
2.12. Once the unloaded cargo has been removed from the organic solvent, concentrate the nanocarrier formulation using a spin concentrator system… [1-CU], following the manufacturer’s instructions [2-MED-TXT]. 
2.12.1. Spin concentrator tube as talent pipettes the nanocarrier formulation there.
2.12.2. Talent places the spin concentrator tube into the centrifuge.  TEXT Overlay: Vacuum desiccation may be used as another option 
2.13. Nanocarriers can be stored at 4 degrees Celsius for weeks to months [1-WIDE].  Prior to use after storage, nanocarrier formulations should be briefly vortexed [2-MED-over the shoulder-TXT]

2.13.1. Talent places the nanocarriers at 4 degrees Celsius.  
2.13.2. Talent vortexes the nanocarriers.  TEXT Overlay: See text for characterization of nanocarrier formulations
3. Fabricate Polymersomes via Flash Nanoprecipitation (FNP) Using the Custom-Made High-Speed Syringe Pump
3.1. Perform fabrication of a high-speed syringe pump as described in the text protocol [1-MED].
3.1.1. Talent turns on the system. 
3.2. To use auto run mode, select Auto Run from the main menu.  The system will prompt users to allow the motor to automatically position the syringe expulsion platform to the beginning of the precision slide [1-SCREEN-TXT].
3.2.1. 57793_Scott_SCREEN_3.2.1: Screen capture movie as talent selects Auto Run from the main menu.  Then the system prompts asks to automatically position the syringe expulsion platform and talent selects yes continue.  TEXT Overlay: See text for manual run instructions  
3.3. Ensure that the path in front of and behind the metal plate is clear prior to proceeding [1-MED].
3.3.1. Talent ensures that the path in front of and behind the metal plate is clear.
3.4. Load the CIJ mixer into the rectangular opening of the rear expulsion carriage [2-MED-over the shoulder]. Then, load 1 milliliter plastic syringes as before and mount syringes onto the female Luer connectors of the CIJ mixer [1-CU]. [2-MED-over the shoulder]
3.4.2. Talent loads the CIJ mixer into the rectangular opening of the rear expulsion carriage.
3.4.1. CIJ mixer as talent mounts the loaded syringes onto the female Luer connectors.
3.4.2. Talent loads the CIJ mixer into the rectangular opening of the rear expulsion carriage. (Move above 3.4.1)
3.5. Prior to running the instrument, set the desired motor speed and check that the system is clear as described in the text protocol [1-SCREEN].
3.5.1. 57793_Scott_SCREEN_3.5.1: Screen capture movie as talent sets the desired motor speed and checks that the system is clear.  
3.6. To expel reactants from the syringes and into the CIJ mixer, press the Run button in the software interface [1-SCREEN].
3.6.1. 57793_Scott_SCREEN_3.6.1: Screen capture movie as talent press the Run button in the software interface.
4. Results: Monodisperse Polymersome Formation and Loading 
4.1. Representative cryogenic transmission electron micrographs demonstrate smaller and more monodisperse polymersomes after repeated impingements [1-LM]. 
4.1.1. SCOTT_FIG1

4.2. Dynamic light scattering analysis confirmed a leftward shift of the size distribution of the polymersomes after repeated impingements [1-LM].

4.2.1. SCOTT_FIG2 – Editors, please highlight the green plot as “leftward shift of the size distribution of the polymersomes” is narrated.
4.3. After five repeated impingements [1-LM], the average diameter… [2-LM] and polydispersity of the polymersomes… [3-LM] matched that of extruded samples formed by thin film rehydration [4-LM].
4.3.1. SCOTT_FIG3
4.3.2. SCOTT_FIG4 SCOTT_FIG3 – Editors, please highlight the bar labeled “5x” on the left plot.
4.3.3. SCOTT_FIG4 SCOTT_FIG3 – Editors, please highlight the bar labeled “5x” on the right plot.
4.3.4. SCOTT_FIG4 SCOTT_FIG3 – Editors, please highlight the bar labeled “TF, E” on the left and right plot.
4.4. Flash nanoprecipitation can be used to load a variety of hydrophobic and hydrophilic [1-LM] small molecules… [2-LM] and macromolecules in polymersomes [3-LM].
4.4.1. SCOTT_FIG4
4.4.2. SCOTT_FIG4 – Editors, please highlight the dark bars labeled “Small Molecules.”
4.4.3. SCOTT_FIG4 – Editors, please highlight the lighter bars labeled “Macromolecules.”
5. Conclusion (said by authors on camera)

5.1. Michael Vincent: While attempting this procedure, it’s important to remember to depress the syringes simultaneously and with equal force [1-MED]/[2-CU].

5.1.1. Michael speaks towards the camera (looking slightly off-camera), interview style.
5.1.2. Shot 2.7.2 – Video editors, shot 2.7.2 can be shown as the visual as 5.1.1 is narrated.
5.2. Sean Allen: Though this method can provide insight into how immunotherapies and vaccines function, it can also be applied to the study of how polymers self-assemble into intricate nanostructures [1-MED].
5.2.1. Sean speaks towards the camera (looking slightly off-camera), interview style.
5.3. Michael Vincent: Following this procedure, other methods like intravenous or subcutaneous administration to animal models can be performed in order to determine which cell subsets internalize the nanoparticles, or what the route of clearance is for different nanostructures [1-MED].
5.3.1. Michael speaks towards the camera (looking slightly off-camera), interview style.
5.4. Sean Allen: The implications of this technique extend toward therapy of heart disease and cancer, as well as the development of vaccines for infectious diseases, because these nanocarriers can target multiple drugs to very specific immune cells [1-MED]. 
5.4.1. Sean speaks towards the camera (looking slightly off-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.  

Authors, please upload the following to: https://www.jove.com/account/file-uploader?src=17626913
LAB MEDIA (LM):

SCOTT_FIG1.ai – CryoTEM micrographs of 1x and 5x impinged polymersomes.

SCOTT_FIG2.ai – DLS size distributions of 1x and 5x impinged polymersomes.

SCOTT_FIG3.ai – Bar graph of average diameter and polydispersity of polymersomes after multiple impingements.

SCOTT_FIG4.ai – Loading efficiency of small and macromolecules in polymersomes formed by flash nanoprecipitation.
SCREEN Capture Movies:
57793_Scott_SCREEN_3.2.1: Screen capture movie as talent selects Auto Run from the main menu.  Then the system prompts asks to automatically position the syringe expulsion platform and talent selects yes.  TEXT Overlay: See text for manual run instructions  
57793_Scott_SCREEN_3.5.1: Screen capture movie as talent sets the desired motor speed and checks that the system is clear.  
57793_Scott_SCREEN_3.6.1: Screen capture movie as talent press the Run button in the software interface.
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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