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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ 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_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____4.1-4.4, 5.1-5.3__________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _____Making sure that the macromonomer is sufficiently pure._________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Conceptual Narrative:
The overall goal of the following experiment is to learn how to make a series of polyethylene glycol, or “PEG”, -based nanoparticles in parallel using ring-opening metathesis polymerization, or “ROMP”. (TEXT: ROMP: Ring Opening Metathesis Polymerization). (Intro)

This goal is achieved by first synthesizing a suitable macromonomer and crosslinker.  These compounds define the final nanoparticle properties. (P1, show two structures and reaction arrow to the right of the Grubbs reaction, have box containing structure B appear followed by box containing structure C)

In the second step, the macromonomer is polymerized by ROMP to yield a batch of living, bottle-brush polymers with PEG side chains. (P2, show structure B from P1 and have it become the blue squiggly line.  Then make the green box appear from box containing structure A and move it to the end of the squiggly line and make the remaining blue squiggly lines and black line appear to form Living Brush Initiator (BI))

Next, the living bottle-brush polymers are transferred to vials with different amounts of crosslinker in order to initiate nanoparticle growth. (P3, show Living Brush Initiator (BI) and have yellow star appear from box containing structure C and have yellow star move across Living Brush Initiator (BI) to form Brush-Arm Star Polymer)

This procedure can yield a diverse range of nanoparticles with molar masses that depend on the amount of crosslinker added, and functionality that is defined by the macromonomer and crosslinker structure.  The molar masses can then be determined by gel permeation chromatography. (P4, show Brush-Arm Star Polymer followed by GPC-MALLS black arrow and graph)

Video Editor: Use JLiu_SchematicOverview_07292013_JLv2.ai


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

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Jenny Liu: The main advantage of this technique over existing methods, like free radical polymerization, is that it can be performed very quickly on the benchtop, and can be used to polymerize a wide range of monomers that are densely functionalized and sterically demanding.   
1.2. Angela Gao: Visual demonstration of this method is critical because though it is  simple, it requires a significant amount of multitasking.   
1.3. **Jeremiah Johnson: Demonstrating the procedure will be Jenny Liu a graduate student from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. Preparation of Norbornene-PEG Macromonomer 
2.1. First, add 300 mg of mono-amine terminated poly(ethylene glycol) 3000, or PEG amine 3000, to a 40 mL scintillation vial equipped with a stir bar. Following this, add 3 mL of anhydrous dimethylformamide, or “DMF”, to the vial to dissolve the PEG amine. Allow the solution to stir and heat lightly until all the PEG amine has dissolved.   
2.1.1. MED: Talent walks up to bench or hood with PEG amine in hand and adds it to scintillation vial previously placed on bench or in hood.
2.1.2. MED-over the shoulder: Talent adds dimethylformamide to vial containing PEG amine.
2.2. After adding 36 mg of norbornene-NHS ester (TEXT: norbornene-NHS ester: norbornene N-hydroxysuccinimidyl ester), cap the vial and stir the reaction mixture at room temperature overnight (TEXT: stir overnight). When finished, remove the stir bar and add roughly 35 mL of cold diethyl ether to the reaction solution to precipitate the PEG macromonomer. 
2.2.1. MED: Talent caps vial, places it on stir plate, and turns stir plate on.
2.2.2. MED-over the shoulder: Talent removes stir bar from vial.
2.2.3. CU: Vial as talent adds diethyl ether to observe precipitate forming.
2.3. Filter the white fluffy precipitate using a Buchner funnel and wash it extensively with diethyl ether. Then, transfer the precipitate to a 20 mL scintillation vial, and dry under vacuum for 24 h to remove residual diethyl ether.    
2.3.1. MED-over the shoulder: Talent adds solution containing precipitate to Buchner funnel followed by diethyl ether.
2.3.2. MED: Talent transfers precipitate to scintillation vial.
2.3.3. MED-over the shoulder: Talent places vial under vacuum.
3. Preparation of Catalyst A
3.1. [bookmark: _GoBack]To prepare catalyst A, add 500 mg of Grubbs 2nd generation catalyst to a 20 mL scintillation vial equipped with a stir bar.  Add approximately 0.5 mL of pyridine to the vial and observe the solution color change from red to green.  Allow the reaction to stir briefly until all of the red color has disappeared and the solution has become viscous. If the red color has not completely disappeared, add more pyridine as needed. 
3.1.1. MED: Talent adds Grubbs catalyst to scintillation vial equipped with stir bar.
3.1.2. CU: Vial as talent adds pyridine to observe solution color change from red  to green.
3.1.3. MED-over the shoulder: Talent places vial on stir plate and turns it on.
3.2. Following this, fill the reaction vial with approximately 20 mL of cold pentane to precipitate complex A. If needed, use a spatula to break-up the precipitate. Filter the suspension using a Buchner funnel to collect the green precipitate.  Then, wash the precipitate with 4 x 15 mL of cold pentane. 
Note:  two takes Buchner vs. Buechner.
3.2.1. CU: Vial as talent adds cold pentane to observe precipitate forming.
3.2.2. MED: Talent adds suspension to Buchner funnel.
3.2.3. MED-over the shoulder: Talent adds cold pentane to Buchner funnel containing green precipitate.
3.3. Transfer the green solid to a 20 mL scintillation vial and dry it under vacuum overnight (TEXT: Catalyst A can be stored for months at RT in benchtop desiccator. See text protocol for more details on storage conditions).
3.3.1. MED-over the shoulder: Talent transfers green solid to scintillation vial.
3.3.2. MED: Talent places vial under vacuum.    
4. Preparation of Stock Solution of Living Brush Polymer with DP = 10
4.1. In a 3 mL vial equipped with a stir bar, carefully weigh out 65 mg of PEG macromonomer B.  If necessary, use a static gun to remove static from the vials and spatula. After adding 158 μL of tetrahydrofuran, or “THF”, to the vial, immediately cap it to prevent solvent evaporation (TEXT: During addition and mixing steps, avoid getting material on sides and cap of vial to prevent final product contamination).
4.1.1. CU: Vial as talent weighs PEG macromonomer into the bottom of it.  
4.1.2. MED-over the shoulder: Talent caps vial.
4.2. Allow the solution to stir and heat lightly if necessary until all of the macromonomer is dissolved. 
4.2.1. MED: Talent places solution on stir plate and turns it on.
4.2.2. MED-over the shoulder: Talent lightly heats solution with heat gun.
4.3. To a 3 mL vial containing 2.8 mg of catalyst A, add 466 μL of anhydrous tetrahydrofuran to give a 6 mg per mL catalyst solution.  Once the vial has been capped, gently swirl it so the catalyst completely dissolves, yielding a forest green-colored solution. 
4.3.1. MED: Talent adds tetrahydrofuran to vial containing catalyst.
4.3.2. CU: Vial as talent gently swirls it to observe forest green-colored solution.
4.4. After transferring the catalyst solution to a syringe, place the needle tip just above the stirring macromonomer mixture and quickly add 243 μL of the solution to the vial.  Notice that the reaction mixture becomes brown.  Cap the vial immediately and allow the reaction mixture to stir for 15 minutes to form the living brush initiator.  The living brush initiator should be used immediately for step 5. 
4.4.1. CU: Vial as talent places needle just above stirring macromonomer mixture and adds catalyst solution.
4.4.2. MED: Talent caps vial, places it on stir plate, and turns stir plate on.
5. Formation of Brush-arm Star Polymers
5.1. Next, carefully add 3.6 ± 0.1 mg, 5.5 ± 0.1 mg, and 7.3 ± 0.1 mg [TEXT: 3.6 ± 0.1 mg (10 equivalents), 5.5 ± 0.1 mg (15 equivalents), and 7.3 ± 0.1 mg (20 equivalents)] of a previously prepared Bisnorbornene-NBOC (pronounced N-BOC) (TEXT: Bisnorbornene-NBOC: Bisnorbornene-nitrobenzyloxycarbonyl) crosslinker to three separate 3 mL vials equipped with stir bars.  Alternatively, the crosslinker can be added to these vials prior to beginning step 4 above.  Transfer the living brush initiator solution to a syringe, place the needle tip just above the solid crosslinker, and add 123 μL of the solution to each of the three vials. 
5.1.1. MED-over the shoulder: Talent adds crosslinker to three separate vials.
5.1.2. CU: One of the vials as talent places needle just above solid crosslinker and adds solution.
5.2. Immediately cap the vials and turn on the stir plate.  Stir the three brush-arm star polymer, or BASP (pronounced BASP), formation reactions at room temperature until completion. BASP formation with this specific macromonomer and crosslinker is complete in 4 h, however, the reactions can be left for up to 24 h without consequence.
5.2.1. MED-over the shoulder: Talent caps the vials on stir plate and turns it on.
5.3. Quench the reactions by adding one drop of ethyl vinyl ether.  Stir for 10 min to ensure complete quenching.  Following dilution and filtration, analyze the samples by GPC (TEXT: GPC: Gel Permeation Chromatography).  
5.3.1. MED-over the shoulder: Talent adds one drop of ethyl vinyl ether to each vial.
5.3.2. CU: Vials on stir plate as solutions are stirring.
5.3.3. SCREEN: Computer screen as talent analyzes samples.
6. Results: Characterization of Photodegradable Brush-arm Star Polymers by Gel Permeation Chromatography
6.1. In this study, PEG macromonomers B1, B2, and B3 were prepared from different PEG amine sources, and the BASP nanoparticle formation results before and after rigorous preparative high performance liquid chromatography macromonomer purification were compared.  Shown here are GPC traces for a variety of BASPs prepared from B1, B2, and B3.  In all cases, the data illustrate that increasing the equivalents of crosslinker leads to an increase in the molar mass of the BASP.  As was observed previously, 10 equivalents of crosslinker is not sufficient to achieve uniform BASPs; the sample shows a clearly multi-modal GPC trace with a large amount of residual brush polymer, especially in the case of unpurified macromonomer B1.  Greater amounts of crosslinker result in uniform molar mass distributions with very little residual brush and macromonomer.  The weight-average molar mass approximately doubles in going from 15 to 20 equivalents.  In the case of B3, no residual macromonomer and less than 1% residual brush remains for the 15 and 20 equivalent cases. 
6.1.1. LAB MEDIA: Figure 2 (Video Editor: Please highlight 3 red curves for 5th sentence. Zoom into image (c) for last sentence and highlight blue and green curves when “15 and 20 equivalent cases” is mentioned by the voiceover)

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

7.1. Angela Gao: Once mastered, this technique can be used to make libraries of many more than three particles in parallel if it is performed properly.
7.2. Jenny Liu: While attempting this procedure, it’s important to remember to keep track of each vial, and the proper amounts of reagents to add to each vial.  Especially as the library size increases, good record keeping and attention to detail is critical.
7.3. Jeremiah Johnson: Following this procedure, other materials with different macromonomers and crosslinkers, or mixtures of macromonomers and crosslinkers, can be made for applications like multi-drug delivery, self assembly, and supported catalysis.
       

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, 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, as well as an introduction to your videographer, closer to your filming date.
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