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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. ___________steps 2.12 to 2.17 (transfer technique)___________________________
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 to be filmed by their protocol numbers. (Please do not list an entire section.) _______2.15 to 2.17_______________
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 work is to demonstrate the critical steps needed for synthesis of block copolymer materials by ring-opening anionic polymerization, and to show the necessary flow of studies for block copolymer micelle formulation of a hydrophobic drug. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Frantz Le Dévédec: This protocol demonstrates the proper execution of the necessary steps and procedures for the synthesis of block co-polymers by anionic polymerization [1-MED].
1.1.1. Frantz speaks toward the camera, interview style.  
1.2. Frantz Le Dévédec: The main advantage of ring-opening anionic polymerization is the synthesis of materials in good yield and low polydispersity as well as scalability of the process [1-MED]. 
1.2.1. Frantz speaks toward the camera, interview style.  

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Christine Allen: This is an exciting time for polymeric drug delivery, with a number of drugs relying on formulation in block copolymer micelles now in late stage pre-clinical or clinical development [1-MED].  
1.3.1. Christine speaks toward the camera, interview style.  

Authors, parts of the introduction were modified to meet our length requirements.  Also, the statement introducing Frantz was removed because he will be introduced with on-screen text as he speaks in the introduction.

Protocol (read by voice talent at JoVE):
2. Description of the key steps of living anionic polymerization: distillation and transfer
2.1. Prepare reagents and materials for the transfer as described in the text protocol [1-Title Card].
2.1.1. Title Card.  
2.2. Weigh methoxy poly(ethylene glycol) (pronounced as “muh-thok-see pol-ee eth-uh-leen glahy-kawl”) with a molecular weight of 5000 [1-MED-over the shoulder-TXT].  Add the mPEG (pronounced as “m-peg”) into a dried flask containing a stir bar, and seal the flushing adapter with a septum at the top [2-CU].
2.2.1. Talent weighs mPEG 5000.  TEXT Overlay: 2 mmol, 10 g mPEG-5K
2.2.2. Dried flask as talent adds the mPEG there and seals the flushing adapter with a septum at the top.
2.3. Connect the flask to the manifold and purge the flask for 2 to 3 minutes with argon [1-MED].  Turn the valve to the vacuum position to purge the flask [2-MED-over the shoulder]. 
2.3.1. Talent connects the flask to the manifold.
2.3.2. Flask/manifold as talent turns to the vacuum position and purges the flask with argon.
2.4. Rotate the flask manually and dry the reaction vessel homogeneously with a blow dryer or heat gun until the mPEG melts [1-CU]. 
2.4.1. Flask as talent rotates it manually and dries the reaction vessel homogeneously as the dryer or heat gun is blown until the mPEG melts.
2.5. After 1 minute, break the vacuum by turning the valve on the manifold towards the argon position with several quick snaps to cool down the flask [1-MED].
2.5.1. Talent breaks the vacuum by turning the valve on the manifold towards the argon position with several quick snaps. 
2.6. Keep the polymeric macroinitiator under vacuum for approximately 2 hours and then under argon before the reaction begins [1-MED-over the shoulder].
2.6.1. Talent starts a timer to count down from 2 hours and places down next to the flask.
2.7. Next, mount two high vacuum distillation apparatuses, which have been dried previously in an oven, under the hood.  One apparatus is for the distillation of DMSO, and one apparatus is for the distillation of the monomer, phenyl glycidyl ether (pronounced as” fen-l glahy-si-dil ee-ther”) [1-CU-TXT]. 
2.7.1. Hood as talent mounts two high vacuum distillation apparatuses.  One for DMSO distillation and one for phenyl, glycidyl ether distillation.  TEXT Overlay: DMSO = dimethylsulfoxide
2.8. Connect the separate flasks to the two apparatuses and install each on a hemispherical heating mantle or in an oil bath [1-MED-over the shoulder].   
2.8.1. Talent connects the each flask to the two apparatuses and installs one on a hemispherical heating mantle and one in an oil bath. 
2.9. Connect cold water to the top of each apparatus and to the manifold [1-CU].  Ensure that each apparatus is secure and well-sealed [2-MED-over the shoulder].  Engage the vacuum via the valve [3-CU].
2.9.1. Cold water as talent connects to the top of the apparatus and to the manifold.
2.9.2. Talent ensures that each apparatus is secure and well-sealed.
2.9.3. Valve as talent turns to engage the vacuum. 
2.10. Set the heating via a temperature controller and start stirring the solutions [1-MED].  After 2 hours of circulation/distillation of DMSO, close the high vacuum valve to collect approximately 20 milliliters of solution [2-MED-over the shoulder-TXT].
2.10.1. Talent sets the heating via a temperature controller and starts the solutions stirring.
2.10.2. High vacuum valve as talent closes and collects 20 ml of solution; TEXT: Same distillation procedure is used for purification of the monomer.  
2.11. Then, release the fraction into the flask and repeat the operation once more to ensure the purity of the desired fraction that is collected later [1-CU].
2.11.1. Fraction as talent releases it into the flask. 
2.12. Heat the flask containing the mPEG under vacuum with the heat gun until the polymer melts, and then purge again with argon [1-MED-over the shoulder].
2.12.1. Talent heats the flask with mPEG under vacuum with the heat gun until the polymer melts and then purges with argon.
2.13. After 2 hours, close the high vacuum valve and collect the volume of solvent [1-CU-TXT].  Stop heating and break the vacuum from the manifold.  Release argon into the chamber as described previously [2-MED-over the shoulder]. 
2.13.1. Apparatus as talent closes the high vacuum valve and collects the volume of solvent.  TEXT Overlay: VDMSO = ~ 100 ml 
2.13.2. Talent stops the heating and breaks the vacuum from the manifold.  Then talent releases argon into the chamber.
2.14. Under a positive pressure of argon, connect one side of the cannula (pronounced as “kan-yuh-luh”) to a graduated cylinder, or directly to the flask containing the mPEG also under argon [1-CU], and immerse the other end carefully into the freshly distilled fraction [2-MED-over the shoulder].
2.14.1. Apparatus as talent connects one side of the cannula to a graduated cylinder or directly to the flask with mPEG 
2.14.2. Talent immerses the other end of the apparatus carefully into the freshly distilled fraction. 
2.15. Connect an extra bubbler to the flask, close off the argon flow, and use only the argon pressure from the distillation apparatus. To drive the DMSO through the cannula into the reaction flask [1-CU], close the glass stopcock connected to the bubbler on the opposite side of the manifold [2-MED-over the shoulder].
2.15.1. [Shots 2.15.1 and 2.15.2 were combined by Authors, but separated in the pre-shoot script. It’s possible these were combined/slated as 2.15.1] Apparatus as talent connects the extra bubbler to the flask, closes the argon from the flask Cannula/flask as talent uses argon pressure to drive the DMSO through it and into the reaction flask.
2.15.2. Uses argon pressure to drive the DMSO through it and into the reaction flask upon the increase of pressure by closing of the glass stopcock. Apparatus as talent connects the extra bubbler to the flask and closes the glass stopcock connected to the bubbler on the opposite side of the manifold. 
2.16. To avoid any accidents caused by argon pressure, open the glass stopcock for 1 to 2 seconds and reclose to continue the flow of DMSO until the full transfer is completed [1-MED].  Reopen the stopcock when finished, reopen the argon in the flask, disconnect the extra-bubbler and remove the cannula from the flask [2-CU].
2.16.1. Talent opens the glass stopcock for 1-2 seconds and recloses it to continue the flow of DMSO.
2.16.2. Stopcock as talent reopens it.  
2.17. Next, under argon, connect one side of the cannula from the dried, graduated cylinder--sealed by a septum--to a stock solution of 0.3 Molar naphthalene (pronounced as “naf-thuh-leen”) potassium. Then, add an extra bubbler to the graduated cylinder, close the argon flow to the cylinder, and under positive argon pressure transfer 5 milliliters of 0.3 Molar naphthalene potassium via cannulation from the stock solution to the graduated cylinder. [1-MED-over the shoulder].
2.17.1. Talent transfers 5 ml of 0.3 Molar naphthalene potassium via cannulation in a graduated cylinder sealed by a septum with cannula inserted.  Use labeled containers.
2.18. Insert another needle from the manifold into the cylinder and remove the extra bubbler [1-CU].  Remove the cannula connected to the stock solution carefully, insert it rapidly into the reaction flask, and connect an extra bubbler [2-MED-over the shoulder].
2.18.1. Cylinder as talent inserts another needle from the manifold into the cylinder.
2.18.2. Talent removes the cannula connected to the distillation system carefully and inserts it rapidly into the reaction flask. 
2.19. Next, as described previously, add the base drop by drop until the solution becomes dark [1-CU].  Following the slow disappearance of color, add another portion until the dark color appears again, and repeat until the full transfer [2-MED-over the shoulder].
2.19.1. Solution as talent adds the base drop by drop until the solution becomes dark.
2.19.2. Talent adds another portion until the dark color appears again and then repeats. 
2.20. As described previously, transfer the desired volume of monomer to the reaction to reach a degree of polymerization of Poly Phenyl Glycidyl Ether of about 18 to 20 units [1-MED-over the shoulder-TXT].
2.20.1. Sample as talent transfers the desired volume of monomer to the reaction.  TEXT Overlay: VPheGE = 5 ml  
2.21. Leave the reaction for 48 hours at 80 degrees Celsius under argon atmosphere with constant stirring to ensure complete polymerization [1-CU].
2.21.1. Reaction as talent leaves it stirring under argon atmosphere with constant stirring to ensure complete polymerization.
2.22. Quench the reaction by the addition of drops of 1 Normal Hydrochloric acid in methanol as observed by a color disappearance [1-MED-over the shoulder].
2.22.1. Talent quenches the reaction by the addition of drops of 1N HCl in methanol and a color disappearance occurs.  Use labeled containers. 
2.23. Extract the naphthalene from the DMSO solution with hexane [1-MED-TXT].  Remove approximately 70 milliliters of the DMSO by distillation under vacuum [2-CU].  Cool down the slurry solution and add 50 milliliters of THF [3-MED-over the shoulder-TXT].  
2.23.1. Talent adds hexane to the DMSO solution.  TEXT Overlay: 3×50 ml hexane
2.23.2. Solution as it distills under the vacuum.  Try to capture the liquid dripping through the distillation apparatus.
2.23.3. Talent cools the slurry solution down and adds 50 ml of THF from a labeled container.  TEXT Overlay: THF = tetrahydrofuran
2.24. Remove the salt from the slurry solution by centrifugation at 5000 x g for 10 minutes [1-MED].  Transfer the supernatant, and add it drop wise to 500 milliliters of cold diethyl ether [2-CU].
2.24.1. Talent removes the salt from the slurry solution by centrifugation at 5000 x g for 10 minutes.
2.24.2. [bookmark: _GoBack]500 ml of cold diethyl ether as talent adds it drop wise there. 
2.25. Collect the precipitate by filtration or centrifugation [1-MED-over the shoulder].  After repeating the precipitation twice, dry the precipitate at room temperature under the hood overnight and then under vacuum at 30 degrees Celsius for 24 to 48 hours for a yield of 85%.  The copolymer is now ready for characterization as described in the text protocol [2-CU-TXT].
2.25.1. Talent pours the solution over a filter or places in the centrifuge.
2.25.2. Precipitate as talent leaves to dry in a vacuum.  TEXT Overlay (as first part of the sentence is narrated): repeat the precipitation in cold diethyl ether 2x
(Erin Note: No videographer notes on this, but Authors crossed out 2.25.2. It’s unclear whether this was filmed, but Authors appear to want to keep this narration.)
3. Procedure for Loading Doxorubicin into BCMs
3.1. Dissolve 12 milligrams of doxorubicin (pronounced as “dok-suh-roo-buh-sin”) in 1 milliliter of acetonitrile, add 10 microliters of trimethylamine (pronounced as “trahy-eth-uh l-uh-meen”), and let the solution stir in the dark for 2 hours [1-CU].
3.1.1. Container as talent dissolves doxorubicin in 1 milliliter of acetonitrile, add 10 microliters of triethylamine and starts the solution stirring (perhaps cover with foil to achieve dark conditions).  Use labeled containers.
3.2. Dissolve 45 milligrams of copolymer in 1 milliliter of THF and stir for the same period of time [1-MED].  Add the copolymer solution to the doxorubicin solution and rinse the vial containing residual copolymer with an extra volume of THF [2-MED-over the shoulder-TXT] 
3.2.1. Container with 1 ml of THF as talent dissolves 45 mg of the copolymer there. 
3.2.2. Talent adds the copolymer solution to the doxorubicin solution and rinses the vial containing residual copolymer with 0.5 ml of THF.  TEXT Overlay: 0.5 ml extra volume of THF
3.3. Next, add the copolymer-drug mixture dropwise to a 20 milliliter vial containing 15 milliliters of 0.9% saline with stirring [1-CU-TXT].  Transfer the solution to a dialysis bag and dialyze against 500 milliliters of 0.9% saline [1-MED-over the shoulder-TXT]. 
3.3.1. 20 milliliter vial containing 15 milliliters of 0.9% saline with stirring as talent adds the copolymer-drug mixture there dropwise.  TEXT Overlay: 2.5 mL of the copolymer-drug mixture
3.3.2. Talent transfers the solution to a dialysis bag and dialyzes against 500 ml of 0.9% saline.  TEXT Overlay: 3.5 KDa cut off
3.4. Transfer the dialysate to a 50 milliliter tube and centrifuge at 5000 x g for 15 minutes [1-MED].  Then, transfer the supernatant to an ultrafiltration system that contains a dialysis membrane [2-CU-TXT].  Put the stirring adapter into the ultrafiltration system, close the lid and open to a stream of nitrogen [3-MED-over the shoulder].
3.4.1. Talent places a 50 ml centrifugation tube containing the dialysate into a balanced centrifuge, shuts lid and turns on.
3.4.2. Ultracentrifugation system tube as talent transfers the supernatant there.  TEXT Overlay: 10 ml capacity ultrafiltration system, cut off 10 KDa
3.4.3. Talent places the stirring adaptor into the ultrafiltration system, closes the lid and opens the stream of nitrogen.
3.5. Concentrate the block copolymer micelle solution to a volume of 4 milliliters and add 6 milliliters of fresh saline [1-CU-TXT].  
3.5.1. Concentrated block copolymer micelle solution as talent adds 6 ml of fresh saline.  TEXT Overlay: repeat the procedure twice
3.6. Then, concentrate the block copolymer micelle solution to 4 milliliters again, rinse the chamber with 0.5 milliliters of saline, and add it to the solution [1-MED].  Store the resulting solution in brown vials at room temperature in the dark prior to further use [2-CU]. 
3.6.1. Talent rinses the chamber of the concentrated solution with 0.5 milliliters of saline and adds it to the solution.  Use a labeled container.
3.6.2. Brown vials as talent pipettes the solution there.
4. Results: Characterization and in vitro evaluation as a drug delivery platform of the block copolymer based of poly(ethylene glycol) and poly(phenyl glycidyl ether)
4.1. The ring opening anionic polymerization of phenyl glycidyl ether on the mPEG macroinitiator was used to prepare the amphiphilic diblock copolymer [1-LM] by the deprotonation of the hydroxyl group of mPEG [2-LM] using naphthalene potassium as a radical-anion [3-LM], followed by the polymerization of the phenyl glycidyl ether monomer [4-LM].
4.1.1. 54422_figure3_reaction – Authors, please provide a version of figure 3 with the reaction only.
4.1.2. 54422_figure3_reaction – Editors, please highlight the mPEG molecule on the left side of the reaction.
4.1.3. 54422_figure3_reaction – Editors, please highlight the molecule on the top of the reaction arrow.
4.1.4. 54422_figure3_reaction – Editors, please highlight the molecule on the right of the reaction arrow.
4.2. The characterization of the block copolymer by gel permeation chromatography [1-LM] and proton NMR spectroscopy analysis confirmed a narrow molecular weight distribution with a degree of polymerization of phenyl glycidyl ether of 15 units [2-LM]. 
4.2.1. 54422_Figure 4 – Authors, please provide a version of figure 4 without the A and B labels.  Editors, please zoom into the chromatograms in the left corner as this point is narrated.
4.2.2. 54422_Figure 4 - Editors, please zoom out to the full figure as this point is narrated.
4.3. In aqueous media, the amphiphilic block copolymers assemble to form micelles that consist of a hydrophobic core surrounded by a hydrophilic shell [1-LM].  Transmission electronic microscopy confirmed a spherical morphology [2-LM] and dynamic light scattering indicated a hydrodynamic diameter of 25 nanometers [3-LM].
4.3.1. 54422_figure3_micelle-assembly– Authors, please provide a version of figure 3 with the illustrations of  the micelle assembly only.
4.3.2. 54422_figure3_TEM– Authors, please provide a version of figure 3 with the TEM image only.
4.3.3. 54422_figure3_DLS– Authors, please provide a version of figure 3 with the DLS image only.
4.4. Doxorubicin was successfully encapsulated in the block copolymer micelle [1-LM]. Compared to the free protonated drug in solution [2-LM], self-quenching of the doxorubicin observed by fluorescence spectroscopy confirmed the incorporation of the drug in the polymeric micelles with a drug loading capacity of up to 14% [3-LM]. 
4.4.1. 54422_figure6B – Authors, please provide a version of figure 6B alone without the “B” label.
4.4.2. 54422_figure6B – Editors, please highlight the black “Free DOX” line on the plot.
4.4.3. 54422_figure6B – Editors, please highlight the red “BMCs-DOX” line on the plot.
4.5. The release profile of doxorubicin from the block copolymer micelles indicated good stability for this formulation [1-LM] at neutral pH [2-LM], and sustained release of the drug over 4 days under physiologically relevant conditions [3-LM].
4.5.1. 54422_figure6C – Authors, please provide a version of figure 6C alone without the “C” label.  
4.5.2. 54422_figure6C – Editors, please highlight the black line as this point is narrated.
4.5.3. 54422_figure6C – Editors, please highlight the red line as this point is narrated.

5. Conclusion (said by authors on camera)
5.1. Frantz Le Dévédec: Once mastered, this technique can help trainees in the pharmaceutical sciences to properly synthesize diblock copolymers for applications in drug delivery [1-MED].
5.1.1. Frantz speaks toward the camera, interview style.
5.2. Frantz Le Dévédec: The procedures described herein can be applied for synthesis of a wide range of copolymers with PEG as the macroinitiator.  Here, emphasis has been placed on assuring good laboratory practices that provide anhydrous conditions and result in high quality materials [1-MED]. 
5.2.1. Frantz speaks toward the camera, interview style.
5.3. Frantz Le Dévédec: After watching this video, you should have a good understanding of how to work under anhydrous conditions and thus should be able to apply these steps for the synthesis of PEG-polyether or PEG-polyester materials [1-MED].
5.3.1. Frantz speaks toward the camera, interview style.
5.4. Frantz Le Dévédec: In this type of research it is essential to remember that you are working under controlled conditions with potentially hazardous organic solvents and other reagents [1-MED]. 
5.4.1. Frantz speaks toward the camera, interview style.
5.5. Frantz Le Dévédec: All anti-cancer drugs are toxic and must be handled using necessary precautions such as wearing gloves, a lab coat and closed toe shoes.  A mask should also be worn to weigh the drugs [1-MED].  
5.5.1. Frantz 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.  

54422_figure3_reaction – Authors, please provide a version of figure 3 with the reaction only.
54422_Figure 4 – Authors, please provide a version of figure 4 without the A and B labels. 
54422_figure3_micelle-assembly– Authors, please provide a version of figure 3 with the illustrations of  the micelle assembly only.
54422_figure3_TEM– Authors, please provide a version of figure 3 with the TEM image only.
54422_figure3_DLS– Authors, please provide a version of figure 3 with the DLS image only.
54422_figure6B – Authors, please provide a version of figure 6B alone without the “B” label.
54422_figure6C – Authors, please provide a version of figure 6C alone without the “C” label.  


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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