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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/A______  
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: _____________________________________________
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.) 
Steps 2.7, 3.4, 4.2, 5.1, 5.4
 
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.) ___________________________
Steps 2.7 and 5.1 are the most difficult techniques to master. For Step 2.7, it is essential that the polymer solution viscosity is correct and a few precipitation drops are tested before going forward. For Step 5.1, it is important to not to create particle aggregation during sonication which is why the burst sonication technique is used. 
 
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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 nanosponge synthesis technique is to understand and utilize important synthesis parameters for design and control of size and morphology. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Eva Harth: This method can help answer key questions in the field of organic nanoparticle synthesis, such as which key elements are most important to produce precise dimensions and density [1-MED]. 
1.1.1. Eva speaks toward the camera, interview style.
1.2. Eva Harth: The main advantage of this technique is that it can be tailored to achieve a variety of crosslinking densities and nanoparticle sizes making it versatile for a range of applications [1-MED].   
1.2.1. Eva speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Laken Kendrick-Williams: Though this method can provide insight into nanosponge design by utilizing tailorable synthesis parameters, the concept can also be applied to other polymer networks, such as microparticles and hydrogels [1-MED].
1.3.1. Laken speaks toward the camera, interview style.

Protocol: (read by voice talent at JoVE)
2. Synthesis and Characterization of VL-co-AVL
2.1. Remove moisture from a 25 milliliter round bottom flask equipped with a magnetic stir bar as detailed in the text protocol [1-MED].
2.1.1. Talent purges a 25 milliliter round bottom flask equipped with a magnetic stir bar and septum with nitrogen gas connected through an inlet needle and open outlet needle in the septum and also uses butane flame to gently heat the outside of the flask by moving the flame along the surface.
2.2. Once cooled, quickly remove the septum from the round bottom flask and add 2.5 milligrams of tin(II) triflate (pronounced as “ten-trih-fleyt”) to the very bottom of the flask using a spatula [1-CU].  Replace the septum [2-MED].   
2.2.1. Round bottom flask as talent quickly removes the septum and adds tin(II) triflate to the very bottom of the flask using a spatula.  
2.2.2. Talent replaces the septum.
2.3. Sequentially add 72.6 microliters of 3-methyl-1-butanol via a 100 microliter microsyringe and 1.33 milliliters anhydrous DCM via a 2 milliliter syringe [1-CU-TXT].  Stir the suspension on a magnetic stir plate for 10 minutes [2-MED]. 
2.3.1. Round bottom flask as talent sequentially adds 72.6 microliters of 3-methyl-1-butanol via a 100 microliter microsyringe and 1.33 milliliters anhydrous DCM via a 2 milliliter syringe.  TEXT Overlay: DCM = dichloromethane
2.3.2. Talent turns on the magnetic stirrer.  h/\u
2.4. Next, sequentially add 0.48 milliliters or AVL and 1.37 milliliters of VL [1-MED-over the shoulder-TXT].  Allow the reaction to continue stirring for 18 to 20 hours [2-CU]. 
2.4.1. Round bottom flask as talent sequentially adds 0.48 milliliters or AVL and 1.37 milliliters of VL via a syringe.  TEXT Overlay: See text for synthesis of Valerolactone (VL) and allyl-valerolactone (AVL)
2.4.2. Round bottom flask as the solution stirs inside.
2.5. Quench the reaction by adding approximately 5 milliliters methanol [1-MED].  Then, add 100 milligrams of solid-support tin scavenger to the flask and stir for 2 hours [2-CU].  Filter the suspension by gravity filtration to remove the solid [3-MED-over the shoulder]. Then, rinse the flask with dichloromethane solvent and pour this over the filter [3b-?].
2.5.1. Talent adds 5 mL of methanol to the reaction. Steps 2.5.1 and 2.5.2 were combined in shot 2.5.1
2.5.2. Round bottom flask as talent adds 100 milligrams of solid-support tin scavenger and stirs. 
2.5.3. Talent pours the solution over a filter. 
2.5.3b. The flask was rinsed with dichloromethane solvent and poured over the filter.
2.6. Remove the solvent under rotary evaporation with a water aspirator as the vacuum source while heating at 30 degrees Celsius until the solution is viscous [1-MED].
2.6.1. Flask as talent attaches it to the rotary evaporator and it starts turning.  
2.7. Precipitate the solution dropwise into 500 milliliters of cold methanol to produce flakes of white solid [1-CU].  Then, filter the solution by vacuum filtration into a funnel containing a fritted glass disc with filter paper to collect the solid [2-MED-over the shoulder]. 
2.7.1. Solution as talent precipitates it dropwise into 500 milliliters of cold methanol and flakes of white solid appear.
2.7.2. Talent filters the solution by vacuum filtration into a funnel containing a fritted glass disc with filter paper to collect the solid.
2.8. Transfer the solid product to a pre-weighed vial via a spatula [1-CU] and dry overnight using a high vacuum pressure of 0.05 torr to collect the white, flaky solid [2-MED-over the shoulder-TXT]. 
2.8.1. Solid product as talent transfers it to a pre-weighed vial via a spatula.
2.8.2. Talent collects the white, flaky solid after drying overnight via a vacuum pressure. TEXT Overlay: See text for characterization of the polymer
3. Post-Polymerization Epoxidation to Produce Epoxy-valerolactone (EVL) Copolymer Units
3.1. Add 500 milligrams of the VL-AVL (pronounced as individual letters, no dashes) copolymer to a 6-dram vial with a magnetic stir bar [1-CU].  Then, add 6.15 milliliters of anhydrous DCM to the vial and vortex to solubilize the polymer [2-MED-over the shoulder].
3.1.1. 6-dram vial with a magnetic stir bar as talent adds 500 milligrams of the VL-AVL copolymer there.
3.1.2. Talent adds 6.15 milliliters of anhydrous DCM to the vial and vortexes to solubilize the polymer.
3.2. Next, add 74.53 milligrams of mCPBA (pronounced as the individual letters) to a second 6-dram vial [1-CU-TXT].  Add 6.15 milliliters of anhydrous DCM and vortex until the mCPBA is completely solubilized [2-MED].
3.2.1. 6-dram vial as talent adds 74.53 milligrams of mCPBA there.  TEXT Overlay: mCPBA = meta-chloroperoxybenzoic acid  
3.2.2. Talent adds 6.15 milliliters of anhydrous DCM and vortexes until the mCPBA is completely solubilized.  Use labeled containers.
3.3. Next, transfer the mCPBA solution to the VL-AVL solution [1-CU].  Cap the reaction and cover with a plastic paraffin film before allowing it to stir for 48 hours [2/3-MED-over the shoulder]. 
3.3.1. Vial with the VL-AVL solution as talent transfers the mCPBA solution there.
3.3.2. Talent caps the reaction and covers it with plastic paraffin.
3.3.3.  ADDED: Talent places vial on stir plate and begins magnetic stirring.
3.4. Transfer the reaction mixture to a 50 milliliter separatory funnel and add 15 milliliters of saturated sodium bicarbonate [1-MED].  Cap the separatory funnel and rock gently to mix [2-CU].
3.4.1. Talent transfers the reaction mixture to a 50 milliliter separatory funnel and adds 15 milliliters of saturated sodium bicarbonate.  Use labeled containers.
3.4.2. Capped separatory funnel as talent rocks gently to mix.
3.5. Collect the organic layer containing the product and transfer it into a 50 milliliter Erlenmeyer flask with an appropriate sized magnetic stir bar [1-MED-over the shoulder].
3.5.1. Talent collects the organic layer containing the product and transfers it into a 50 milliliter Erlenmeyer flask with an appropriate sized magnetic stir bar.
3.6. Add 5 milliliters of DCM to the aqueous layer that is still in the separatory funnel, cap, and then rock gently [1-MED].  Collect the organics and transfer them into the product flask [2-CU].  After discarding the aqueous waste, transfer the organic layer back into a separatory funnel [3-MED-over the shoulder-TXT].  
3.6.1. Talent adds 5 milliliters of DCM to the aqueous layer that is still in the separatory funnel, caps, and then rocks gently
3.6.2. Talent collects the organics and transfers them into a product flask.
3.6.3. Talent transfers the organic layer back into a separatory funnel.  TEXT Overlay: Repeat this aqueous wash 2X
3.7. Next, add magnesium sulfate to the product flask while stirring over a magnetic stir plate to remove any residual water [1-MED].  Continue adding small scoops of magnesium sulfate until it no longer clumps when added [2-CU].  
3.7.1. Talent adds magnesium sulfate to the product flask while stirring over a magnetic stir plate to remove any residual water.
3.7.2. Product flask as talent continues to adds small scoops of magnesium sulfate and it stops clumping.
3.8. Use a glass funnel fitted with a filter paper to remove the solid magnesium sulfate while transferring the mixture to a 50 milliliter round bottom flask [1-MED-over the shoulder].
3.8.1. Talent pours the solution over a glass funnel fitted with a filter paper into a 50 mL round bottom flask.
3.9. Transfer the contents of the round bottom flask to a pre-weighed product vial [1-CU].  Remove the solvent by rotary evaporation with a water aspirator as the vacuum source and heating at 25 degrees Celsius [2-MED].  Place the vial on high vacuum at 0.05 torr overnight to produce a white, waxy solid [3-CU].
3.9.1. Pre-weighed product vial as talent transfers the contents from the round bottom flask to the vial.
3.9.2. Talent places the solvent on the rotary evaporator with a water aspirator as the vacuum source.  
3.9.3. Vial as talent pulls out of the rotary evaporator and displays the white, waxy solid to the camera.
4. Nanosponge Synthesis and Characterization
4.1. Dissolve 200 milligrams of the VL-AVL-EVL polymer (pronounced as individual letters, no dashes) in 20.01 milliliters of anhydrous DCM for an epoxide concentration of 0.0054 Molar [1-MED-over the shoulder].  Transfer the resulting solution to a 100 milliliter round bottom flask with a 14/20 neck [2-CU].
4.1.1. Talent dissolves 200 milligrams of the VL-AVL-EVL polymer in 20.01 milliliters of anhydrous DCM.  Use labeled containers.
4.1.2. 100 mL round bottom flask with a 14.20 neck as talent transfers 100 milliliters there.
4.2. Place the reaction flask in an oil bath at 50 degrees Celsius [1-MED].  Stir the solution with a fast vortex and add 21.45 microliters of EDEA (pronounced as the individual letters) dropwise via a microsyringe [2-CU-TXT].   
4.2.1. Talent places the reaction flask in an oil bath at 50 degrees Celsius.  
4.2.2. Reaction flask as talent stirs the solution with a fast vortex and adds 21.45 microliters of EDEA dropwise via a microsyringe.  TEXT Overlay: EDEA = 2,2’-(ethylenedioxy)bis(ethylamine)
4.3. Fit the neck of the flask with a water-jacketed condenser that has cool water flowing through it, fitted with a 14/20 neck adapter, and reflux the solution for 12 hours [1-CU].
4.3.1. Flask as talent fits the neck with a water-jacketed condenser with cool water flowing through it, fitted with a 14/20 neck adapter, and starts refluxing the solution.
4.4. Next, remove excess solvent from the reaction flask by rotary evaporation at 25 degrees Celsius until a viscous solution is obtained [1-MED-over the shoulder].
4.4.1. Talent places the flask on a rotary evaporator.
4.5. Transfer the product to 10K molecular weight cut-off dialysis tubing that has one end folded and closed with a dialysis clip [1-CU].
4.5.1. Dialysis tubing clipped at one end as talent transfers the product there.
4.6. Rinse the flask with excess DCM and transfer it to the tubing [1-MED-over the shoulder].  Fold the top of the tubing and close it with a dialysis clip that has a wire for hanging [2-CU].
4.6.1. Talent rinses the flask with excess DCM and transfers it to the tubing.
4.6.2. Tubing as talent folds the top of the tubing and closes it with a dialysis clip that has a wire for hanging. 
4.7. Then, hang the dialysis tubing on the side of a 2 Liter beaker with a large stir bar and fill the beaker with DCM until the dialysis tubing is completely submerged [1-MED].
4.7.1. Talent hangs the dialysis tubing on the side of the 2 Liter beaker with a large stir bar and fills the beaker with DCM from a labeled container.  
4.8. Gently stir the dialysis solution on a magnetic stir plate and cover the beaker with aluminum foil to prevent solvent evaporation [1-MED-over the shoulder].  Remove the solvent by pouring into a waste container and replace with fresh DCM three times daily for 48 hours to remove the unreacted polymer and crosslinker [2-MED or WIDE].
4.8.1. Talent places the dialysis solution onto the magnetic stir plate and starts it stirring.  
4.8.2. Talent works to change the dialysis solution.  
4.9. Following dialysis, remove all solvent from the beaker and transfer the contents of the dialysis tubing to a 10 milliliter syringe fitted with a 0.45 micron PTFE syringe filter [1-CU].
4.9.1. Dialysis tubing as talent transfers the contents to a 10 mL syringe fitted with a 0.45 micron PTFE syringe filter.  TEXT Overlay: PTFE = polytetrafluoroethylene 4.10.1 was combined into this shot
4.10. Push the solution through the filter directly into a pre-weighed product vial to remove any remaining impurities [1-ECU].  Remove the solvent by rotary evaporation at 25 degrees Celsius [2/3-MED-over the shoulder].  Then, place the product vial on high vacuum at 0.05 torr, overnight, to collect a light yellow, waxy solid [4-CU-TXT].
4.10.1. Sample as talent pushes it through the filter directly into a pre-weighed product vial. This step was included in 4.9.1 shot
4.10.2. Talent places the sample onto a rotary evaporator. 
4.10.3. displayed turning the rotary evaporator on and beginning the solvent evaporation.
4.10.4. Sample as talent removes from the vacuum, displaying the light yellow, waxy solid to the camera.  TEXT Overlay: See text for characterization 
5. TEM Imaging of Nanosponge Morphology and Size
5.1. Place 0.5 milligrams of nanosponges into a 1.5 milliliter centrifuge tube [1-CU].  Add 1 milliliter of filtered cell culture water [2-MED-over the shoulder-TXT].  Use a probe sonicator to sonicate the solution with 2 second bursts 4 to 5 times at room temperature until the particles have developed a fine suspension [3-MED].
5.1.1. 1.5 mL centrifuge tube as talent places 0.5 mg of nanosponges there.
5.1.2. Talent adds 1 mL of filtered cell culture water to the centrifuge tube.  TEXT Overlay: Water filtered with 0.2 µm PTFE syringe filter 
5.1.3. Talent uses a probe sonicator to sonicate the solution with 2 second bursts.
5.2. Then, add 30 milligrams of PTA to 1 milliliter of filtered cell culture water in a 1.5 milliliter centrifuge tube [1-CU].  Vortex on the highest setting for 10 seconds or until the PTA is completely solubilized to produce 3% PTA solution [2-MED-over the shoulder].
5.2.1. 1.5 mL centrifuge tube as talents adds 30 mg of PTA to 1 mL of filtered cell culture water.  TEXT Overlay: PTA = phosphotungstic acid hydrate
5.2.2. Talent vortexes at the highest setting.
5.3. Use a 1 milliliter syringe with 22 Gauge needle to draw up 0.5 milliliters of 3% PTA solution [1-CU].  Add 4 drops of the 3% PTA solution to the particles and vortex on the highest setting for 10 seconds [2-MED].
5.3.1. Tube as talent uses a 1 milliliter syringe with 22 Gauge needle to draw up 0.5 milliliters of 3% PTA solution.
5.3.2. Talent adds 4 drops of the 3% PTA solution to the particles and vortexes on the highest setting. This step was combined in shot 5.3.1
5.4. Then, use a pair of self-closing tweezers to pick up a TEM grid and dip it into the particles solution quickly, three times [1-CU].  Let the grid dry for 5 hours under a cover to reduce dust collection on the grid [2-MED-over the shoulder].  Finally, perform TEM imaging of the sample using high contrast and a 40 micron objective [3-LM-TXT].
5.4.1. Self-closing tweezers as talent picks up a TEM grid and dips it into the particles solution quickly, three times.
5.4.2. Talent leaves the grid to dry. This step was combined in shot 5.4.1 
5.4.3. Talent works to perform TEM imaging of the sample using high contrast and 40 micron objective.  TEXT Overlay: See text for TEM imaging reference This step was omitted due to instrument technical difficulties. This step can be replaced by showing the 56073fig4large image to show what the final TEM image looks like.

6. [bookmark: _GoBack]Results: Analysis of Nanosponge Trends  
6.1. This figure represents the nanosponge synthesis method using a linear polyester copolymer containing pendant functional groups [1-LM] reacted with a diamine crosslinker [2-LM] to form discrete nanoparticles in solution [3-LM].
6.1.1. 56073fig1large – Editors, please start with an empty screen and immediately bring in the top left reactant, which is represented by two linear molecules above the “+” sign in the top left of the figure. 
6.1.2. 56073fig1large – Editors, from the last point, please also bring in the bottom left reactant, which is represented by two linear molecules below the “+” sign in the bottom left of the figure.
6.1.3. 56073fig1large – Editors, from the last point, please also bring in the reaction arrow and corresponding reactants listed around it, followed by the images on the right side of the arrow (the right half of the figure).
6.2. TEM imaging is used to characterize the precise dimensions of each set of nanosponges.  This image contains nanosponges of 79 nanometers with a standard deviation of 12 nanometers [1-LM]. 
6.2.1. 56073fig4large
6.3. Nanosponge sizes were analyzed based on molecular weight of the polymer precursor and the amount of pendant functionality to evaluate the relationship between these two factors [1-LM].  A trend of increasing nanosponge size… [2-LM] is correlated with an increase in polymer molecular weight… [3-LM] independent of the pendant functionality [4-LM].
6.3.1. 56073fig2large 
6.3.2. 56073fig2large – Editors, please highlight the y-axis showing “size.”
6.3.3. 56073fig2large – Editors, please highlight the x-axis showing “Molecular weight.”
6.3.4. 56073fig2large – Editors, please remove highlighting.
6.4. Nanosponge sizes were also analyzed based on the amount of pendant functionality and the amount of diamine crosslinker added to the reaction [1-LM].  Increasing both pendant functionality and crosslinker equivalents [2-LM] shows an increase in nanosponge sizes [3-LM]. 
6.4.1. 56073fig3large
6.4.2. 56073fig3large – Editors, please highlight the text: “2 equivalents diamine crosslinker.”
6.4.3. 56073fig3large – Editors, please highlight the top blue square and the top orange circle.

7. Conclusion (said by authors on camera)
7.1. Eva Harth: After watching this video, you should have a good understanding of how to utilize the synthesis parameters of this organic nanoparticle to precisely design and control the size and morphology of nanosponges for any desired application [1-MED].
7.1.1. Eva speaks toward the camera, interview style.
7.2. Laken Kendrick-Williams: Once mastered, these synthesis steps, from monomer to crosslinked nanoparticle, can be done in 7 days if they are performed properly [1-MED].
7.2.1. Laken speaks toward the camera, interview style.
7.3. Eva Harth: After its development, this technique has been vital for our research lab to explore drug delivery of small hydrophobic compounds [1-MED].
7.3.1. Eva speaks toward the camera, interview style.
7.4. Laken Kendrick-Williams:  While attempting this procedure, it’s important to remember to be accurate with measurements as the stoichiometry is important to the final product [1-MED].
7.4.1. Laken speaks toward the camera, interview style.
7.5. Eva Harth: Following this procedure, other methods for polymer network synthesis can be performed in order to answer questions related to design of drug delivery platforms [1-MED].
7.5.1. Eva speaks toward the 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.  

56073fig1large – synthesis scheme of nanosponge method

56073fig4large – black and white TEM image of nanosponges

56073fig2large – graph analysis of nanosponge sizes

56073fig3large – graph analysis of nanosponge sizes 

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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