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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. __Sections 2-4____________________

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 to be filmed by their protocol numbers. (Please do not list an entire section.) __pay attention on HOBt solubility (2.4) and sodium ascorbate addition to avoid catalyst oxidation 3.2 
E.  Will the filming need to take place in multiple locations? (Y/N) __Y___ If yes, how far apart are the locations? _____The same building but different floors________ 
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 methodology is to synthesize hydrogels for tissue engineering applications very easily. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Alessandro Sacchetti: This method can help answer key questions in the tissue engineering field, such as the possibility to maintain very high cell viability in three-dimensional cell culture systems [1-MED].
1.1.1. Alessandro speaks toward the camera, interview style. 
1.2. Emanuele Mauri: The main advantage of this technique is that using click reaction we can easily modify hydrogel systems to improve their ability to maintain cells viable [1-MED]. 
1.2.1. Emanuele speaks toward the camera, interview style. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Filippo Rossi: The implications of this technique extend toward therapy of spinal cord injury, because stem cells loaded within the scaffold can rebuild the damaged tissue [1-MED].  
1.3.1. Filippo speaks toward the camera, interview style.
1.4. Filippo Rossi: Though this method can provide insight into cell therapies as regenerative medicine and their implication in many methodologies, it can also be applied to other systems, such as cartilage, bone, heart [1-MED].

1.4.1. Filippo speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):
2. Synthesis of arginylglycylaspartic acid (RGD)-azide derivative and polyacrylic acid (PAA) alkyne modification

2.1. To synthesize the RGD-azide derivative, dissolve 50 milligrams of RGD in 1 milliliter of 1 Molar sodium hydroxide [1-MED].  Then dissolve 24 milligrams of 4-azido butanoyl (pronounced as “four- az-i-doh byoot-n-oil”) chloride in 2 milliliters of tetrahydrofuran (pronounced as “te-truh-hahy-druh-fyoo r-an”) [2-MED-over the shoulder-TXT].
2.1.1. Talent dissolves 50 milligrams of RGD in 1 milliliter of 1 Molar sodium hydroxide at 0 degrees Celsius using an ice bath.
2.1.2. 24 milligrams of 4-azido butanoyl chloride as talent dissolves in 2 milliliters of tetrahydrofuran.  TEXT Overlay:  see text for synthesis of 4-azidobutanoyl chloride 
2.2. Add all of the 4-azido butanoyl chloride solution into the RGD solution at 0 degrees Celsius, dropwise [1-CU].  Return to room temperature and stir overnight [2-MED].  Add 1 milliliter of 1 Molar HCl [3-CU].  
2.2.1. RGD solution as talent adds all of the 4-azido butanoyl chloride solution there dropwise at 0 degrees Celsius using an ice bath.
2.2.2. Talent sets up the solution to stir overnight.
2.2.3. Solution as talent adds 1 M HCl.
2.3. Remove the solvent under reduced pressure using a rotary evaporator [1-MED-over the shoulder].  Characterize the obtained product by proton nuclear magnetic resonance spectroscopy, dissolving the sample in deuterium oxide, or D2O [2-CU].
2.3.1. Talent places the sample into the rotary evaporator and begins rotation.
2.3.2. NMR tube as talent transfers the solution there.
2.4. To perform the PAA alkyne modification, dissolve 200 milligrams of 35% in weight PAA solution in 15 milliliters of distilled water [1-MED].
2.4.1. Talent dissolves 200 mg of 35% in weight PAA solution into 15 ml of distilled water. 
(Erin Note to VO Talent: No pronunciation guidelines given for “HOBt.” My recommendation would be “hob-T.”)
2.5. Add 15.4 milligrams of propargylamine (pronounced as “proh-par-jil uh-meen”) hydrochloride [1-CU].  Then, dissolve 42.8 milligrams of HOBt in 14 milliliters of a 1 to 1 ratio of acetonitrile / distilled water solution by heating to 50 degrees Celsius [2-MED-TXT] [3].
2.5.1. Solution as talent adds propargylamine hydrochloride there.
2.5.2. Talent dissolves 42.8 mg of HOBt in 14 ml of 1:1 acetonitrole:water solution by heating.  TEXT Overlay: HOBt = 1-hydroxybenzotriazole hydrate 
2.5.3. [Added Shot] Talent shows details of HOBt complete dissolution

2.6. Add all of the HOBt solution to the PAA solution at room temperature [1-MED-over the shoulder].  Next, add 53.6 milligrams of EDC to the reaction mixture [2-CU-TXT].
2.6.1. PAA solution as talent adds all of the HOBt solution there.
2.6.2. Reaction mixture as talent adds EDC there.  TEXT Overlay: EDC = ethyldimethylaminopropylcarbodiimide
2.7. Use 1 Molar HCl to adjust the pH to 5.5 and stir the reaction system overnight at room temperature [1-MED-over the shoulder].
2.7.1. Talent uses 1 Molar HCl to adjust the pH to 5.5 and stirs the reaction system.
2.8. Next, dissolve 11.2 grams of sodium chloride in 2 Liters of distilled water and then add 200 microliters of 37% weight/weight HCl [1-MED].  Dialyze the solution using a membrane with a molecular weight cut-off of 3.5 kiloDaltons [2-CU].
2.8.1. Talent dissolves 11.2 grams of sodium chloride in 2 L of distilled water and adds 200 microliters of 37% weight/weight HCl.
2.8.2. Solution as talent adds it to the dialysis membrane.
2.9. Perform dialysis for three days [1-MED-over the shoulder-TXT].  Change the dialysis solution daily with 2 liters of freshly prepared distilled water containing 200 microliters of 37% weight/weight HCl [2-WIDE].
2.9.1. Talent places the clipped dialysis bag into the dialysis solution.  TEXT Overlay: dialyze for 3 d
2.9.2. Talent changes the dialysis solution daily with 2 liters of freshly prepared distilled water containing 200 microliters of 37% weight/weight HCl.
2.10. Store the final solution at minus 80 degrees Celsius [1-MED-TXT].  Characterize the functionalized polymer by proton nuclear magnetic resonance spectroscopy, dissolving the sample in D2O [2-MED-over the shoulder].
2.10.1. Talent places the final solution into the -80 degree Celsius freezer.  TEXT Overlay: Lyophilize according to manufacturer’s protocols   
2.10.2. Reuse 2.3.2 Sample as talent dissolves in D2O from a labeled container and adds to NMR tube
3. Synthesis of PAA-RGD polymer
3.1. To synthesize the PAA-RGD polymer, dissolve 78 milligrams of PAA modified alkyne in 10 milliliters of distilled water [1-CU].  Then, dissolve 25 milligrams of the RGD azide derivative in 5 milliliters of tetrahydrofuran [2-MED-over the shoulder].  Add all of the RGD solution to the polymeric solution [3-CU].
3.1.1. Distilled water as talent dissolves 78 milligrams of PAA modified alkyne.
3.1.2. Talent dissolves the RGD azide derivative in 5 ml of THF.
3.1.3. RGD solution as talent adds it to the polymeric solution.
3.2. Next, add 2.2 milligrams of copper iodide and 2.2 milligrams of sodium ascorbate [1-MED-over the shoulder].  Reflux the resulting mixture overnight at 60 degrees Celsius, with stirring [2-CU].  Cool the mixture to 25 degrees Celsius [3-MED].
3.2.1. Talent adds 2.2 mg of copper iodide and 2.2 mg of sodium ascorbate to the solution.
3.2.2. Solution as it refluxes with stirring.
3.2.3. Talent removes the mixture from the heat and leaves on the bench.
3.3. To dialyze the solution, dissolve 11.2 grams of sodium chloride in 2 liters of distilled water and add 200 microliters of 37% weight/weight HCl [1-CU] [2-MED].
3.3.1. 2 Liters of distilled water as talent dissolves 11.2 grams of sodium chloride adds 200 microliters of 37% weight/weight HCl
3.3.2. Talent pipettes the solution into the dialysis tubing (REMOVE) 
3.4. Perform dialysis for three days [1-CU-TXT].  Change the dialysis solution daily with 2 liters of freshly prepared distilled water containing 200 microliters of 37% weight/weight HCl [2-MED-over the shoulder]. Then, place the final solution at          -80(C [3-TXT].
3.4.1. Reuse 2.9.1 Clipped dialysis tubing as talent places into the dialysis solution.  TEXT Overlay: perform dialysis for 3 d 
3.4.2. Reuse 2.9.2 Talent changes the dialysis solution with 2 L of freshly prepared distilled water/HCl.
3.4.3. [Added Shot] Talent places the final solution into the -80 degree Celsius freezer.  TEXT Overlay: Lyophilize according to manufacturer’s protocols   
3.5. Characterize and store the resulting PAA-RGD polymer as done for its constituents [1-MED]. 
3.5.1. Reuse 2.3.2 Talent pipettes the final solution into an NMR tube for analysis 
4. RGD functionalized hydrogel synthesis
4.1. Blend 40 milligrams of carbomer and 10 milligrams of the functionalized PAA in 9 milliliters of phosphate buffered saline, at room temperature, until complete dissolution [1-MED-over the shoulder-TXT].
4.1.1. Talent blends 40 milligrams of carbomer and 10 milligrams of the functionalized PAA in 9 milliliters of PBS.  Use labeled containers.  TEXT Overlay:  see text for preparation of PBS
4.2. Add 400 milligrams of PEG to the solution and keep stirring for 45 minutes [1-CU-TXT].  Stop the stirring and allow the system to settle for 30 minutes [2-MED].  Then, use 1 Molar sodium hydroxide to adjust the pH to 7.4 [3-MED-over the shoulder].
4.2.1. Solution as talent adds 400 mg of PEG to the solution and starts it stirring.  TEXT Overlay: PEG = polyethylene glycol
4.2.2. Talent stops the stirring and sets a timer to count down from 30 minutes.
4.2.3. Talent adjusts the pH to 7.4 using 1M NaOH from a labeled container.
4.3. To 5 milliliters of the obtained mixture, add 25 milligrams of agarose powder [1-CU].  Irradiate the system with microwave radiation at 500 Watts for 30 seconds to 1 minute [2-MED-over the shoulder], until boiling, and electromagnetically heat up the solution to 80 degrees Celsius [3-CU].
4.3.1. Mixture as talent adds 25 mg of agarose powder.
4.3.2. Talent irradiates the system with microwave radiation.
4.3.3. Solution as it boils from microwave radiation.
4.4. Leave the mixture exposed to room temperature until its temperature decreases to 50 degrees Celsius [1-MED].  Then, add 5 milliliters of PBS to obtain a solution at a 1 to 1 volumetric ratio [2-MED-over the shoulder].
4.4.1. Talent leaves the mixture on the bench to cool.
4.4.2. Talent adds 5 ml of PBS from a labeled container.
4.5. Prepare a 12 multiwell plate containing steel cylinders with a diameter of 1.1 centimeters [1-CU].  Take 500 microliter aliquots from the solution and place them into each steel cylinder [2-ECU].  Leave the plate at rest for 45 minutes until complete gelification of the system [3-MED-over the shoulder].
4.5.1. 12 multiwell plate as talent places the steel cylinders in.
4.5.2. Steel cylinders in the plate as talent adds 500 microliter aliquots there.
4.5.3. Talent starts a timer to countdown from 45 minutes and puts down next to the plate.
4.6. Remove the cylinders using stainless steel forceps to obtain the hydrogels [1-CU].  See the text protocol for characterizing the physicochemical properties of the RGD-functionalized hydrogels [2-MED or WIDE].
4.6.1. Plate with cylinders as talent uses forceps to remove the hydrogels.
4.6.2. Talent analyzes the IR spectrum on the computer.
5. Results: Hydrogel synthesis and characterization 
5.1. Carbomer 974p [1-LM], PAA-RGD [2-LM] and PEG [3-LM] together with agarose [4-LM] take part in a statistical random polycondensation [5-LM] after microwave irradiation [6-LM].  

5.1.1. 54445_Sacchetti_Rossi_Figure 4 – Editors, please highlight the Carbomer 974p in the top left corner of the figure.
5.1.2. 54445_Sacchetti_Rossi_Figure 4 – Editors, please highlight the PAA-RGD in the left-middle of the figure.
5.1.3. 54445_Sacchetti_Rossi_Figure 4 – Editors, please highlight the PEG in the bottom left corner of the figure.
5.1.4. 54445_Sacchetti_Rossi_Figure 4 – Editors, please highlight the agarose.
5.1.5. 54445_Sacchetti_Rossi_Figure 4 
5.1.6. 54445_Sacchetti_Rossi_Figure 4 – Editors, please highlight the “500 W (80ºC)” over the arrow.
5.2. Hydroxyl groups contained in PEG and agarose [1-LM] react with carboxyl groups present in carbomer 974p and PAA-RGD [2-LM] to form ACPEG-RGD (pronounced “AC-peg-RGD”) hydrogels [3-LM]. 
5.2.1. 54445_Sacchetti_Rossi_Figure 4 – Editors, please highlight the OH groups in the PEG and agarose (not the 2 O-H groups but the 1 OH group on the PEG and the 5 OH groups on the agarose).
5.2.2. 54445_Sacchetti_Rossi_Figure 4 – Editors, please highlight the carboxyl groups in the carbomer 974p and the PAA-RGD (written as COOH in the carbomer 974p and as [image: image1.png]HoC oo



 in the PAA-RGD).
5.2.3. 54445_Sacchetti_Rossi_Figure 4 – Editors, please highlight the resulting grid at the right side of the figure.
5.3. Considering rheological (pronounced “ree-ol-uh-jih-khal”) properties [1-LM], the storage modulus [2-LM] was found to be approximately one order of magnitude higher than [3-LM] the loss modulus [4-LM], indicating an elastic rather than viscous material [5-LM]. 
5.3.1. 54445_Sacchetti_Rossi_rheological-propertiesA – Authors please provide a version of this figure with part A only and omit the A) label.
5.3.2. 54445_Sacchetti_Rossi_rheological-propertiesA – Editors, please highlight the G’ plot.
5.3.3. 54445_Sacchetti_Rossi_rheological-propertiesA
5.3.4. 54445_Sacchetti_Rossi_rheological-propertiesA – Editors, please highlight the G” plot.
5.3.5. 54445_Sacchetti_Rossi_rheological-propertiesA
5.4. Moreover it is clearly visible that hydrogel behavior is dominated at low strain values by the elastic modulus [1-LM]. 
5.4.1. 54445_Sacchetti_Rossi_rheological-propertiesB – Authors please provide a version of this figure with part B only and omit the B) label.
5.5. Scanning electron microscopy shows the morphology of [1-LM] a RGD-functionalized hydrogel sample [2-LM] and a hydrogel without functionalization [3-LM]. 
5.5.1. 54445_Sacchetti_Rossi_Figure8 – Authors please provide a version of this figure without the A and B labels. 
5.5.2. 54445_Sacchetti_Rossi_Figure8 – Editors, please highlight the image on the left of the figure.
5.5.3. 54445_Sacchetti_Rossi_Figure8 – Editors, please highlight the image on the right of the figure.
5.6. Both hydrogels reveal that they possess a highly entangled structure of interconnected pores, with some bigger pores containing small pores and some fibrillar networks on the pore walls.  The similar properties indicate that the presence of RGD does not alter the polymer network [1-LM].    
5.6.1. 54445_Sacchetti_Rossi_Figure8
6. Conclusion (said by authors on camera)

6.1. Filippo Rossi: After its development, this technique paved the way for researchers in the field of tissue engineering to explore the suitability of this cell culture system in several other diseases [1-MED].
6.1.1. Filippo speaks toward the camera, interview style.
6.2. Alessandro Sacchetti: After watching this video, you should have a good understanding of how to functionalize hydrogels, improving their ability to maintain viable stem cells [1-MED].
6.2.1. Alessandro 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.  

Insert your media filenames here.
54445_Sacchetti_Rossi_Figure 4  
54445_Sacchetti_Rossi_rheological-propertiesA– Authors please provide a version of this figure with part A only and omit the A) label.
54445_Sacchetti_Rossi_rheological-propertiesB – Authors please provide a version of this figure with part B only and omit the B) label.
54445_Sacchetti_Rossi_Figure8 – Authors please provide a version of this figure without the A and B labels. 
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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