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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)   No    (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) No 
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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Steps: 2.3, 3.1, 4.2, 4.7, 5.5, and 5.7
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: 4.5 and 5.4
E.  Will the filming need to take place in multiple locations? (Y/N) Yes If yes, how far apart are the locations? 5 minute walk
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 assess both the adhesive properties and cellular biocompatibility of the proposed hydrogel composite for intervertebral disc tissue engineering of the nucleus pulposus. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Andrea J. Vernengo: This method can help answer key questions in the field of tissue engineering [1.1.1 – MED]. 
1.1.1. Andrea speaks toward camera, interview style.
1.2. Andrea J. Vernengo: The main advantage of this technique is that we are able to demonstrate in vitro studies with an injectable, thermally sensitive composite to evaluate its use as a potential replacement for the nucleus pulposus [1.2.1 – MED].   
1.2.1. Andrea speaks toward camera, interview style.
1.3. Thomas Christiani: In this current study, we evaluate the novel hydrogel scaffold by performing both tensile mechanical tests and cellular viability assays [1.3.1 – MED]. 
1.3.1. Thomas speaks toward camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Andrea J. Vernengo: [1.4.1 – MED] Demonstrating the biocompatibility assays will be Emily Schmidt [1.4.2 – MED], Mark Dittmar [1.4.3 – MED], Edward Goldschmidt and [1.4.4 – MED] Frantzeska Giginis, students from the departments of biology and biochemistry [1.4.5 – MED].

1.4.1. Andrea speaks toward camera, interview style.
1.4.2. Emily looks up from workbench or desk and acknowledges the camera.
1.4.3. Mark looks up from workbench or desk and acknowledges the camera.

1.4.4. Edward looks up from workbench or desk and acknowledges the camera.

1.4.5. Frantzeska looks up from workbench or desk and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Poly(N-isopropylacrylamide)-g-chondroitin sulfate Synthesis
2.1. Prior to the synthesis of the bioadhesive hydrogel, purify NIPAAm (pronounced “knee-palm”) monomer and mCS (pronounced as “mCS”) as described in the text protocol [2.1.1 – MED]. 
2.1.1. Talent works to purify NIPAAm monomer and mCS.  Use labeled containers.  TEXT Overlay: NIPAAm = N-isopropylacrylamide, mCS = methacrylate chondrointin sulfate
2.2. Then, co-dissolve 10 grams of purified NIPAAm and 2.209 grams of mCS in 232 milliliters of deionized water [2.2.1 – CU].  Purge the solution of oxygen by using inert nitrogen gas.  Maintain a vigorous, yet low gas flow rate to prevent the solution from bubbling over for 15 minutes [2.2.2 – MED-over the shoulder].
2.2.1. Deionized water as talent co-dissolves NIPAAm and mCS.
2.2.2. Talent purges the solution using inert nitrogen gas, adjusting the flow rate to result in the solution being purged without bubbling over.
2.3. Continue purging the solution with nitrogen gas and add 0.976 milliliters of TEMED [2.3.1 – CU – TXT].  Next, initiate the polymerization reaction by mixing 97.6 milligrams of ammonium persulfate [2.3.2 – MED-over the shoulder].
2.3.1. Solution being purged as talent adds 0.976 mL of TEMED to the solution.  Use labeled containers.  TEXT Overlay: TEMED = tetramethylethylenediamine
2.3.2. Solution as talent mixes in ammonium persulfate.
2.4. Mix the solution for approximately 20 seconds and quickly seal the solution to prevent any air from entering the vessel [2.4.1 – CU].  Allow the solution to polymerize under fluorescent light for 24 hours before processing the sample into a fine powder as described in the text protocol [2.4.2 – MED-over the shoulder].
2.4.1. Talent finishes mixing the solution and quickly seals the solution to prevent any air from entering the vessel. 
2.4.2. Talent turns on the fluorescent light over the solution.
3. Calcium-Alginate Crosslinked Microparticle Synthesis and Preparation of the Adhesives
3.1. Create an oil in water mixture by combining 100 milliliters of canola oil, 1.0 milliliter of Tween 20, and 20 milliliters of 2% alginate [3.1.1 – MED].
3.1.1. Talent creates an oil in water mixture by combining 100 milliliters of canola oil, 1.0 milliliters of Tween 20, and 20 milliliters of 2% alginate.  Use labeled containers.
3.2. Emulsify the mixture for 10 minutes with a homogenizer at 15,000 rpm [3.2.1 – MED-over the shoulder].  Additionally, mix with a magnetic stir bar at 200 rpm to create large microparticles, or 2,000 rpm to create small microparticles [3.2.2 – CU].
3.2.1. Talent emulsifies the mixture with a homogenizer at 15,000 rpm.
3.2.2. Solution as talent mixes with a magnetic stir bar to create microparticles at the desired size. 
3.3. Aspirate the 2% calcium chloride solution using a syringe with an 18 gauge needle tip [3.3.1 – MED].  Slowly add the calcium chloride drop-wise into the emulsion [3.3.2 – ECU].
3.3.1. Talent aspirates the 2% calcium chloride solution using a syringe with an 18 gauge needle tip.  Use labeled containers.
3.3.2. Syringe with need tip as talent slowly adds calcium chloride drop-wise into the emulsion. 
3.4. After allowing the microparticles to crosslink for 10 minutes, evenly distribute the batch of microparticles into capped 50 milliliter conical tubes [3.4.1 – MED-over the shoulder].  
3.4.1. Talent evenly distributes the batch of microparticles into capped 50 mL conical tubes.
3.5. Centrifuge at 1,400 x g for 2 minutes to remove the initial layer of canola oil before washing and lyophilizing the microparticles as described in the text protocol [3.5.1 – MED – TXT]. 
3.5.1. Talent places the tubes into the centrifuge, shuts lid and starts run.  TEXT Overlay (as the last part of the sentence is narrated): see text for further microparticle preparation
3.6. Use the resulting freeze-dried polymer powder to create a 5% weight-volume P-NIPAAm-graft-CS solution by first dissolving 50 milligrams of hydrogel powder in 1 milliliter of 1X phosphate buffered saline, or PBS [3.6.1 – CU].  
3.6.1. Solution as talent dissolves the hydrogel powder in 1 mL of 1 x PBS.
3.7. Mix the solution using a vortexer before chilling in a refrigerator at 4 degrees Celsius for 24 hours [3.7.1 – MED-over the shoulder].
3.7.1. Talent mixes the solution using a vortexer. 
3.8. Once the viscous solution forms, create a homogenous composite by adding 25 or 50 milligrams of freeze dried alginate microparticles to the hydrogel solution and vortexing [3.8.1 – CU].  Store the composite in a refrigerator at 4 degrees Celsius for later use [3.8.2 – MED-over the shoulder]. 
3.8.1. Viscous solution as talent adds the alginate microparticles to the hydrogel solution.
3.8.2. Talent places the vortexed sample into the refrigerator.
4. Bioadhesive Mechanical Tensile Tests
4.1. Prior to performing tensile tests, extract cartilage substrate from a porcine ear as detailed in the text protocol [4.1.1 – MED-over the shoulder].  Then, attach the force gauge to the arm of the test stand [4.1.2 – CU].  Place a hotplate on top of the force stand and set the temperature to 50 degrees Celsius [4.1.3 – MED].
4.1.1. Talent places the cartilage into Styrofoam container with ice packs. 
4.1.2. Force gauge as talent attaches to the arm of the test stand.
4.1.3. Talent places the hotplate on top of the force stand and sets temperature to 50 degrees Celsius.
4.2. Then, affix a 1 centimeter by 1 centimeter piece of cartilage to the stainless steel block with cyanoacrylate (pronounced as “sahy-uh-noh-ak-ruh-leyt”) glue and a pair of tweezers [4.2.1 – CU].  
4.2.1. Talent affixes a 1 centimeter by 1 centimeter piece of cartilage to the stainless steel block with cyanoacrylate glue and a pair of tweezers.
4.3. Glue an additional piece of cartilage to the delrin cylinder and attach the cylinder to the force gauge [4.3.1 – MED-over the shoulder].  It is very important that both cartilage surfaces face each other and contact the hydrogel [4.3.2 – ECU]. 
4.3.1. Talent glues an additional piece of cartilage to the delrin cylinder and attaches the cylinder to the force gauge.  Continue action in next shot.
4.3.2. Cartilage as talent positions it to face the other cartilage surface and contact the hydrogel.
4.4. Place the Plexiglas water bath on top of the hot plate and insert the stainless steel block with the cartilage substrate inside the bath [4.4.1 – MED].  Lower the arm of the test stand and align both cartilage substrates with one another [4.4.2 – CU].  Then, raise the arm, leaving enough room to apply the hydrogel [4.4.3 – MED-over the shoulder].
4.4.1. Talent places the Plexiglas water bath on top of the hot plate and inserts the stainless steel block with the cartilage substrate inside the bath
4.4.2. Cartilage substrates as talent lowers the test stand to align them.
4.4.3. Talent raises the arm, leaving enough room to apply the hydrogel.
4.5. With a positive displacement pipette, dispense 200 microliters of the bioadhesive hydrogel to the bottom piece of cartilage [4.5.1 – ECU].  Lower the arm of the force stand at 1 millimeter per minute until the hydrogel contacts the upper piece of cartilage and exerts a preload force of 0.001 Newtons [4.5.2 – CU].
4.5.1. Bottom piece of cartilage as talent dispenses 200 microliters of the bioadhesive there.
4.5.2. Apparatus with cartilage as talent lowers the arm of the force stand until the hydrogel contacts the upper piece of the cartilage and exerts the desired preload force. 
4.6. Pour the 37 degrees Celsius saline solution into the bath until the volume reaches the designated water level [4.6.1 – MED-over the shoulder].  Check the temperature of the solution with a thermocouple [4.6.2 – CU].
4.6.1. Film as written.
4.6.2. Thermocouple as talent checks the temperature of the solution. 
4.7. After allowing the hydrogel to set for a total of 5 minutes, raise the arm at a speed of 2 millimeters per minute [4.7.1 – MED-over the shoulder].  The test is completed once the bioadhesive detaches from the cartilage substrate or when a significant drop in force occurs, signaling failure [4.7.2 – CU].
4.7.1. Talent raises the arm at a speed of 2 mL per minute.
4.7.2. Bioadhesive detaching from the cartilage substrate. 
4.8. Collect the recorded data and raise the arm of the test stand [4.8.1 – MED-over the shoulder].  Remove the delrin cylinder from the force gauge [4.8.2 – CU].  Pour the saline solution into its previous container and reheat to 37 degrees Celsius.  Calculate the stresses as described in the text protocol [4.8.3 – MED – TXT].
4.8.1. Talent collects the recorded data and raises the arm of the test stand.
4.8.2. Delrin cylinder as talent removes from the force gauge.
4.8.3. Talent pours the saline solution into its previous container.  TEXT Overlay (as the last part of the sentence is narrated): see text for calculating stresses 
5. Qualitative Cell Viability Using a Live/Dead Assay
5.1. Before performing the Live/Dead assay with P-NIPAAm-graft-CS, prepare human embryonic kidney, or HEK, -293 cells as detailed in the text protocol [5.1.1 – MED-over the shoulder].
5.1.1. Talent pulls the prepared cells out of the incubator.  
5.2. Create positive control monolayers by pipetting multiple 300 microliter volumes of the cell mixture into a 24-well plate to generate 4 to 6 replicate samples [5.2.1 – CU].
5.2.1. 24-well plate as talent pipettes multiple 300 microliter volumes of the cell mix into a 24-well plate to generate 4 to 6 replicate samples.
5.3. Maintain the same cell concentration by resuspending the cells in approximately 2 milliliters of P-NIPAAm-graft-CS for each replicate sample [5.3.1 – MED].  Pipette the polymer cell mixture up and down using a positive displacement pipette until homogenous [5.3.2 – CU].
5.3.1. Talent resuspends the cells in ~2 mL of PNIPAAm-g-CS for each replicate sample.
5.3.2. Plate wells as talent pipettes the polymer cell mix up and down using a positive displacement pipette until homogenous.
5.4. If seeding with alginate microparticles, transfer 2 milliliters of the P-NIPAAm-graft-CS-cell suspension into a 35 millimeter culture dish and introduce 200 milligrams of particles into the mixture [5.4.1 – MED-over the shoulder].  Pipette the cell mixture up and down using a positive displacement pipette until homogenous [5.4.2 – MED].
5.4.1. Talent transfers milliliters of the PNIPAAm-g-CS-cell suspension into a 35 millimeter culture dish and introduces 200 milligrams of particles into the mixture. split into two shots. second part was labeled as 5.4.1b
5.4.2. Talent pipettes the cell mix up and down using a positive displacement pipette until homogenous.
5.5. Then, with the positive displacement pipette, dispense multiple 300 microliter volumes of the polymer cell mixture into each of the wells for killed control, P-NIPAAm-graft-CS, and P-NIPAAm-graft-CS with alginate microparticles to generate 4 to 6 replicate samples [5.5.1 – CU].
5.5.1. Plate as talent uses the positive displacement pipette to dispense multiple 300 microliters of the polymer cell mix into each of the wells for killed control, PNIPAAm-g-CS, and PNIPAAm-g-CS with alginate microparticles to generate 4 to 6 replicate samples. 
5.6. Incubate the plate at 37 degrees Celsius for 10 to 15 minutes and allow the P-NIPAAm-graft-CS to transition from a liquid to a gel [5.6.1 – MED-over the shoulder].  The polymer forms an opaque, white disc [5.6.2 – CU].
5.6.1. Talent places the plate into the incubator.
5.6.2. Opaque, white disc as talent displays to the camera. 
5.7. Position a slide warmer in the hood and set the temperature to 37 degrees Celsius [5.7.1 – MED-over the shoulder].  Use the slide warmer to maintain well plate temperature and pipette 600 microliters of pre-warmed media into each well [5.7.2 – CU].  
5.7.1. Talent positions a slide warmer in the hood and sets the temperature to 37 degrees Celsius.
5.7.2. Plate as talent pipettes 600 microliters of pre-warmed media into each well.  Use labeled containers.
5.8. To further prevent the transitioning of the polymer to a liquid state, position a lamp with a fluorescent bulb above the dish to warm up the air above it [5.8.1 – MED].  Incubate the cells for 5 days at 37 degrees Celsius with 5% CO2 [5.8.2 – MED-over the shoulder].
5.8.1. Talent positions a lamp with a fluorescent bulb above the dish.
5.8.2. Talent places the cells into the incubator.
5.9. After five days have elapsed, remove the media from the wells of the monolayer, P-NIPAAm-graft-CS, and P-NIPAAm-graft-CS with alginate microparticles [5.9.1 – CU – TXT].  Wash all of the wells thoroughly, but gently, with PBS and then remove the PBS [5.9.2 – MED-over the shoulder]. 
5.9.1. Plate as talent removes the media from the wells of the monolayer.  TEXT Overlay:  monolayer = positive control
5.9.2. Talent washes the plate thoroughly with PBS and then removes the PBS.
5.10. Allow the hydrogel discs containing alginate microparticles to liquefy at room temperature and add 2 milliliters of 50 milliMolar sodium citrate to each of the wells [5.10.1 – CU].
5.10.1. Liquefied hydrogel discs containing alginate microparticles as talent adds 2 milliliters of 50 milliMolar sodium citrate to each of the wells.
5.11. Remove the media from the killed cell wells [5.11.1 – MED-over the shoulder – TXT].  Allow the hydrogel discs to liquefy at room temperature and add 300 microliters of 70% methanol to each well before incubating the plate for 45 minutes at 37 degrees Celsius [5.11.2 – CU or ECU]
5.11.1. Talent removes the media from the filled cell wells.  TEXT Overlay: killed cell wells = negative control
5.11.2. Liquefied hydrogel discs as talent adds 300 microliters of 70% methanol to each well.
5.12. Remove the sodium citrate and methanol solutions from the wells and pipette each of the hydrogel suspensions into individual microcentrifuge tubes [5.12.1 – MED-over the shoulder].  Centrifuge the tubes at 2,000 x g for 10 minutes to separate the cells from the hydrogel suspension [5.12.2 – MED].
5.12.1. Talent removes the sodium citrate and methanol solutions from the wells and pipettes each of the hydrogel suspensions into individual microcentrifuge tubes.
5.12.2. Talent places the tubes into the centrifuge, shuts lid, and turns on.
5.13. Carefully remove the suspension by pipetting the solution from the conical tube and leaving behind the cell pellet [5.13.1 – CU or ECU].  Resuspend the pellet in 300 microliters of PBS and transfer to the original well plate [5.13.2 – MED-over the shoulder]. 
5.13.1. Cell pellet as talent removes the suspension by pipetting the solution from the conical tube and leaving behind the pellet.
5.13.2. Talent resuspends the pellet in 300 microliters of PBS and transfers to the original well plate.
5.14. Next, add 300 microliters of the Live/Dead dye mix to each of the wells [5.14.1 – CU – TXT].  Wrap the well plate in aluminum foil and incubate for 45 minutes on a rocker at room temperature before imaging all of the samples under an inverted fluorescence microscope with a 10X objective [5.14.2 – MED]. 
5.14.1. Plate as talent adds 300 microliters of the Live/Dead dye mix to each of the wells.  TEXT Overlay:  see text for preparation of the Live/Dead dye mix
5.14.2. Talent wraps the well plate in aluminum foil and places onto a rocker.  split into two shots - second part can be seen at end of clip
6. Results: Evaluation of In Vitro Mechanical and Biological Studies  
6.1. Representative tensile strength results for both P-NIPAAm-graft-CS and P-NIPAAm-graft-CS with varying alginate microparticle formulations are shown here [6.1.1 – LM].  The tensile strength of P-NIPAAm-graft-CS quadrupled with the addition of 50 or 75 milligrams per milliliter of alginate microparticles [6.1.2 – LM].
6.1.1. 53704_Vernengo_Figure1.jpg
6.1.2. 53704_Vernengo_Figure1.jpg – Editors, please highlight the bar at 50 mg/mL and 75 mg/mL
6.2. As expected, P-NIPAAm-graft-CS contracts and shrinks in volume above its lower critical solution temperature [6.2.1 – LM].  Introducing microparticles within the hydrogel imparts a swelling effect over a 7 day period in PBS [6.2.2 – LM]. 
6.2.1. 53704_Vernengo_Figure2.jpg
6.2.2. 53704_Vernengo_Figure2.jpg – Editors, please highlight the gray and the black bars.
6.3. HEK-293 cells encapsulated in both P-NIPAAm-graft-CS and P-NIPAAm-graft-CS with alginate microparticles showed active cellular fluorescence using Live/Dead dye after a period of 5 days [6.3.1 – LM].  These results can be compared to the positive [6.3.2 – LM] and negative control wells [6.3.3 – LM].
6.3.1. 53704_Vernengo_Figure3.jpg – Authors, please provide a version of this figure with the A-D labels removed. – Editors, please either highlight or zoom into the top, left panel as “PNIPAAm-g-CS” is narrated and do the same for the top right panel as “PNIPAAm-g-CS with alginate microparticles” is narrated. Then return to the zoomed out, unhighlighted version after the terms are narrated.
6.3.2. 53704_Vernengo_Figure3.jpg – Editors, please either highlight or zoom into the bottom left panel as this point is narrated.
6.3.3. 53704_Vernengo_Figure3.jpg – Editors, please either highlight or zoom into the bottom right panel as this point is narrated.
6.4. In parallel, a quantitative assay was used to confirm the Live/Dead imaging, which showed no significant differences in cellular viability between P-NIPAAm-graft-CS, P-NIPAAm-graft-CS with alginate microparticles, and the control monolayer [6.4.1 – LM].

6.4.1. 53704_Vernengo_Figure4.jpg – Editors, as “PNIPAAm-g-CS” is narrated, please highlight the first bar.  As “PNIPAAm-g-CS with alginate microparticles” is narrated, please highlight the second bar, and as “the control monolayer” is narrated, please highlight the 4th bar.

7. Conclusion (said by authors on camera)

7.1. Andrea J. Vernengo: A hydrogel composite consisting of thermally sensitive PNIPAAm-g-CS and alginate microparticles was created for nucleus pulposus replacement [7.1.1 – MED]. 
7.1.1. Andrea speaks toward the camera, interview style.
7.2. Andrea J. Vernengo: While attempting this procedure, it’s important to remember that the composite is temperature-sensitive and will liquefy below its lower critical solution temperature [7.2.1 – MED].
7.2.1. Andrea speaks toward the camera, interview style.
7.3. Thomas Christiani: Once mastered, tensile mechanical tests can be performed with ease, as long as careful precision is practiced [7.3.1 – MED].
7.3.1. Thomas speaks toward the camera, interview style.
7.4. Thomas Christiani: Swelling studies reveal a hydrogel’s ability to retain water, however these tests must mimic the native in vivo environment [7.4.1 – MED]. 
7.4.1. Thomas speaks toward the camera, interview style.
7.5. Thomas Christiani: Cellular viability of the thermally sensitive gels can be confirmed and assessed using a combination of fluorescence marking and metabolic reducing reagents [7.5.1 – MED]. 
7.5.1. Thomas speaks toward the camera, interview style.
7.6. Andrea J. Vernengo: After watching this video, you should have a good understanding of how thermally sensitive injectables are applied in intervertebral disc tissue engineering and how composites may enhance certain properties [7.6.1 – MED]. 
7.6.1. Andrea 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.  

6.1 – 53704_Vernengo_Figure1.jpg – Tensile strength data of PNIPAAm-g-CS and PNIPAAm-g-CS with alginate microparticle concentrations of 25, 50, and 75 mg/mL.
6.2 – 53704_Vernengo_Figure2.jpg – Change in mass for PNIPAAm-g-CS and PNIPAAm-g-CS with alginate microparticle concentrations of 25 and 50 mg/mL after 7 days
6.3 – 53704_Vernengo_Figure3.jpg – Qualitative fluorescence images of HEK-293 cells seeded in PNIPAAm-g-CS and PNIPAAm-g-CS with 50 mg/mL of alginate microparticles – Authors, please provide a version of this figure with the A-D labels removed.
6.4 – 53704_Vernengo_Figure4.jpg – Quantitative relative cell viability values for PNIPAAm-g-CS, PNIPAAm-g-CS with 50 mg/mL of alginate microparticles, killed cells in PNIPAAm-g-CS, and a monolayer. 
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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