Submission ID #: 56616
Editor Name: Brigid Stadinski
Videographer name: Bruno Behnam
Film Date: 02/05/2018
Link: http://www.jove.com/files_upload.php?src=17267928
Authors and Affiliations: 

Claudia Siverino1, Barbara Tabisz2, Tessa Lühmann3, Lorenz Meinel3, Thomas Müller4, Heike Walles1,2 , Joachim Nickel1,2 

1Fraunhofer-Institut für Grenzflächen- und Bioverfahrenstechnik (IGB), Translationszentrum Würzburg ´Regenerative Therapien für Krebs- und Muskuloskelettale Erkrankung` Institutsteil Würzburg, Würzburg, Germany.
2Lehrstuhl für Tissue Engineering und Regenerative Medizin, Universitätsklinikum Würzburg, Würzburg, Germany.

4Lehrstuhl für Pharmazeutische Technologie und Biopharmazie, Universität Würzburg, Würzburg, Germany.
4 Lehrstuhl für molekulare Pflanzenphysiologie und Biophysik, Julius-von-Sachs Institut für Biowissenschaften, Universität Würzburg, Würzburg, Germany.
Title: Site-Directed Immobilization of Bone Morphogenetic Protein 2 to Solid Surfaces by Click Chemistry
Corresponding Author: 
Joachim Nickel (joachim.nickel@uni-wuerzburg.de)
Co-authors’ corresponding information:

Claudia Siverino (claudia.siverino@uni-wuerzburg.de)
Barbara Tabisz (barbara.tabisz@gmail.com)
Tessa Lühmann (tessa.luehmann@uni-wuerzburg.de)
Lorenz Meinel (lorenz.meinel@uni-wuerzburg.de)
Thomas Müller (mueller@biozentrum.uni-wuerzburg.de)
Heike Walles (heike.walles@uni-wuerzburg.de)
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  

Can you record movies/images using your own microscope camera? (Y/N)____Yes_____  

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)___No_____ 

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.) 
2.5, 2.6, 2.9, 4.4, 4.5, 4.6. 
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.) ___________________________

2.16 (renaturation step important to be drop wise with high rpm and high OD/mL)
3.1 (use always freshly prepared buffer for click reaction)
E.  Will the filming need to take place in multiple locations? (Y/N) ___No____ 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 study is the robust and reproducible production of an osteogenic scaffold by site-directed and covalent coupling of a newly designed BMP2 variant by click-chemistry. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Claudia Siverino: This method can help to overcome problems connected with commonly used techniques for the treatment of non-healing long-bone defects. Absorption or encapsulation methods require supra-physiological amounts of BMP2 that provoke several severe side-effects [1-MED]. 
1.1.1. Claudia speaks towards the camera, interview style.
1.2. Claudia Siverino: The main advantage of this technique is to use lower amounts of the new designed BMP2 variant being covalently linked to scaffolds in a site-directed manner [1-MED]. 
1.2.1. Claudia speaks towards the camera, interview style.
Protocol: (read by voice talent at JoVE)
2. Expression and Purification of BMP2-K3Plk
2.1. Propagate a single colony overnight in 50 milliliters of LB medium with 50 micrograms per milliliter of kanamycin and 100 micrograms per milliliter of ampicillin at 37 degrees Celsius [1-MED-over the shoulder-TXT].
2.1.1. Talent places the cultures into the incubator, shuts lid and starts them shaking. TEXT Overlay: See text for Cloning of BMP2-K3Plk
2.2. Dilute the overnight cultures 1 to 20 into 800 milliliters of Terrific Broth medium supplemented with 50 micrograms per milliliter of kanamycin and 100 micrograms per milliliter of ampicillin [1-CU].
2.2.1. Culture tube as talent dilutes the overnight culture there 1 to 20 in Terrific Broth medium containing antibiotics.
2.3. Grow the cultures at 37 degrees Celsius until an optical density at 600 nanometers of 0.7 is reached [1-MED-over the shoulder].  Then, add propargyl-L-lysine to a final concentration of 10 milliMolar [2-CU].
2.3.1. Talent reads the optical density at 600 nm on a spectrometer and the display shows it is ~0.7
2.3.2. Culture tubes as talent adds propargyl-L-lysine from a labeled container.
2.4. Induce gene expression by the addition of IPTG to a final concentration of 1 milliMolar [1-MED-TXT].  Grow the culture at 37 degrees Celsius for 16 hours in an orbital shaker at 180 rpm [2-CU].
2.4.1. Talent adds IPTG to the cultures from a labeled container.  TEXT Overlay: IPTG = isopropyl β-D-1-thiogalactopyranoside  
2.4.2. Cultures through the incubator window as they shake at 37 degrees Celsius.
2.5. Following incubation, centrifuge the whole culture at 9000 x g for 30 minutes [1-MED-over the shoulder].  Discard the supernatant, and resuspend the bacterial pellet in 30 milliliters of TBSE buffer [2-CU-TXT].
2.5.1. Talent places the tubes into the centrifuge, shuts lid and starts run.
2.5.2. Tube as talent discards the supernatant and resuspends the pellet in 30 mL of TBSE from a labeled container.  TEXT Overlay: See text for TBSE Buffer 
2.6. Weigh an empty centrifuge beaker and transfer the resuspended pellet into the empty beaker [1-MED-over the shoulder].  Then, centrifuge the resuspended pellet at 6360 x g for 20 minutes [2-MED].  
2.6.0 Added shot: 2.6.1 split in half – Talent weighs empty centrifuge beaker…

2.6.1. Talent weighs the empty centrifuge beaker …and transfers the resuspended pellet there.
2.6.2. Talent places the centrifuge beaker with the resuspended pellet into the centrifuge, shuts lid and turns on.
2.7. Discard the supernatant and weigh the beaker with the pellet [1-CU].  Subtract the weight of the empty beaker to calculate the weight of the pellet [2-MED-over the shoulder].
2.7.1. Centrifuge beaker as talent discards the supernatant and places onto the balance.
2.7.2. Talent works in lab notebook to subtract the weight of the empty beaker to calculate the weight of the pellet.
2.8. Then, resuspend the pellet in STE buffer.  Use 200 milliliters of STE buffer for every 10 grams of pellet [1-CU-TXT]. 
2.8.1. Pellet as talent resuspends it in STE buffer from a labeled container.  TEXT Overlay: See text for STE Buffer
2.9. Sonicate the suspension on ice before centrifuging at 6360 x g for 20 minutes [1-MED-over the shoulder-TXT].  Discard the supernatant and weigh the pellet [2-MED].  
2.9.1. Talent sonicates the suspension on ice.  TEXT Overlay: 10 min with 40 s pulse, 20 s brake, 30% amplitude
2.9.2. Talent discards the supernatant and weighs the pellet.
2.10. After repeating the sonication and centrifugation steps 4 times, resuspend the pellet in 100 milliliters of TBS buffer [1-CU].  Centrifuge at 6360 x g for 20 minutes [2-MED].  Then, discard the supernatant and weigh the pellet [3-MED-over the shoulder].
2.10.1. Pellet as talent resuspends it in 100 mL of TBS buffer from a labeled container.  
2.10.2. Talent places the samples into the centrifuge, shuts lid and starts run.
2.10.3. Talent discards the supernatant and weighs the pellet.
2.11. Resuspend the pellet in nuclease buffer with freshly added nuclease using 10 milliliters per gram of pellet [1-MED-TXT].  Incubate the suspension overnight at room temperature on a stirring plate at 30 rpm [2-CU]. 
2.11.1. Talent resuspends the pellet in nuclease buffer with nuclease from a labeled container.  TEXT Overlay: See text for Nuclease Buffer 
2.11.2. Suspension as it stirs on a stir plate.  
2.12. The next day, add Triton buffer to the suspension.  The volume of Triton buffer to add corresponds to a 0.5 volume part of the suspension [1-MED-over the shoulder-TXT].  After incubating for 10 minutes at room temperature, centrifuge the suspension at 6360 x g for 20 minutes [2-CU].  Discard the supernatant and weigh the pellet [3-MED].
2.12.1. Talent adds Triton buffer to the suspension.  Use labeled containers.  TEXT Overlay: See text for Triton Buffer
2.12.2. Centrifuge beaker holding suspension as talent places it into the centrifuge, shuts lid, and starts run.
2.12.3. Talent discards the supernatant and weighs the pellet.
2.13. Next, resuspend the pellet in TE buffer using 8 milliliters per gram of pellet [1-CU-TXT].  After centrifuging as before, discard the supernatant and weigh the pellet [2-MED-over the shoulder]. 
2.13.1. Pellet as talent resuspends it in TE buffer from a labeled container.  TEXT Overlay: See text for TE Buffer
2.13.2. Talent discards the supernatant and weighs the pellet.
2.14. Now, resuspend the pellet by adding 4 milliliters per gram of 25 milliMolar sodium acetate, pH 5.0, and 5 milliliters per gram of 6 Molar guanidinium chloride with 1 milliMolar DTT [1-CU-TXT].  Incubate the suspension overnight at 4 degrees Celsius on a stirring plate [2-MED-over the shoulder].
2.14.1. Pellet as talent resuspends it in sodium acetate 6 Molar guanidinium chloride and DTT.  Use labeled containers. TEXT Overlay: Freshly add dithiothreitol 
2.14.2. Talent leaves the suspension to incubate overnight at 4 degrees Celsius on a stirring plate.
2.15. Following centrifugation at 75,500 x g for 20 minutes, the supernatant contains the unfolded monomeric BMP2 protein [1-MED].  Collect the supernatant and concentrate this extract to an optical density per milliliter of 20 using a 3 kiloDalton molecular weight cut-off membrane in a concentrating cell [2-MED-over the shoulder]. 
2.15.1. Talent pulls the centrifuged samples out of the centrifuge.
2.15.2. Concentrating cell as talent collects the supernatant there.
2.16. Add the concentrated monomers in single drops to the Renaturation buffer while stirring [1-CU-TXT].  Then, incubate the solution at room temperature for 120 hours in the dark [2-MED].
2.16.1. Renaturation buffer stirring as talent adds the concentrated monomers there in single drops.  TEXT Overlay: See text for Renaturation Buffer, stir at 300 rpm 
2.16.2. Talent covers the stirring buffer to keep it in the dark.
2.17. Adjust the pH of the solution to 3.0 using concentrated HCl before dialyzing the solution against 1 milliMolar HCl [1-MED-over the shoulder].  Concentrate the dialyzed solution using a 10 kiloDalton molecular weight cut-off membrane in a concentrating cell [2-CU].
2.17.1. Talent adjusts the pH of the solution to 3.0 using concentrated HCl.
2.17.2. Concentrating cell as it stirs and the dialyzed solution is concentrated.
2.18. Next, load the protein solution onto the equilibrated column [1-MED].  Elute fractions using a linear gradient of buffer B, collecting 2 milliliter fractions [2-CU-TXT].
2.18.1. Talent loads the protein solution onto the equilibrated column.
2.18.2. Chromatogram as the fractions elute.  Alternatively, lab media “Ion Exchange BMP2.emf” can be shown here.  TEXT Overlay: See text for Buffer B
2.19. Analyze 20 microliters of each fraction by SDS Polyacrylamide gel electrophoresis followed by Coomassie Brilliant Blue staining to determine the fractions containing monomers and the fractions containing dimers [1-LM-TXT].
2.19.1. Added footage: Talent loads the gel. Gel_Chromatogram_Fig.pdf.  Editors, please omit the “A” and “B” labels in this figure if possible.  TEXT Overlay: 12% SDS-PAGE gel
2.20. Next, pool dimer-containing fractions [1-CU].  Dialyze the pool of dimer containing fractions overnight at 4 degrees Celsius against 5 liters of 1 milliMolar HCl [2-MED-over the shoulder].
2.20.1. Dimer-containing fractions as talent pools them.
2.20.2. Talent places dialysis membrane holding the pool of fractions into dialysis buffer.  Use a labeled container.
2.21. Concentrate the product by using a 10 kiloDalton concentrating centrifugal filter unit before analyzing the final product by SDS-PAGE and Coomassie Brilliant Blue staining [1-MED-over the shoulder].
2.21.1. Talent reviews the Coomassie brilliant blue stained gel on the PC
3. Covalent Coupling Technique of BMP2-K3Plk to Azide Functionalized Agarose Beads
3.1. Combine 20 microMolar of BMP2-K3Plk (pronounced as “B-M-P-2-K-3-P-L-K”) or BMP2-wild type, which is used as negative control, with 20 microliters of azide-activated agarose beads in reaction buffer at a total volume of 500 microliters [1-MED-TXT].  Incubate for 2 hours at room temperature on a rotating mixer at 20 rpm [2-CU]. 
3.1.1. Talent combines 20 microMolar of BMP-2-K-3-Plk or BMP2-wild type with 20 microliters of azide-activated agarose beads in a total volume of 500 microliters in reaction buffer.  Use labeled containers.  TEXT Overlay: See text for Reaction Buffer
3.1.2. Solution rotating at room temperature.
3.2. Stop the reaction by adding a final concentration of 5 milliMolar EDTA [1-MED].  Incubate the solution at room temperature for 15 minutes on a rotating mixer at 20 rpm [2-MED-over the shoulder].  Then, centrifuge the samples at 20,000 x g for 1 minute at room temperature and collect the supernatants [3-CU].
3.2.1. Talent adds EDTA to the reaction.  Use labeled containers.
3.2.2. Talent leaves the solution to rotate and starts an adjacent timer to count down from 15 minutes.
3.2.3. Talent pulls the samples out of the centrifuge and begins collecting the supernatants. 
3.3. Next, wash the pellet containing the beads with 1,000 microliters of HBS500 buffer [1-MED-over the shoulder-TXT].  Centrifuge the sample at 20,000 x g for 1 minute at room temperature and collect the supernatant [2-CU].  
3.3.1. Talent washes the pellet with 1,000 microliters of HBS500 buffer from a labeled container.  TEXT Overlay: See text for HBS500 Buffer
3.3.2. Tube as talent removes it from the centrifuge and collects the supernatant.
3.4. Repeat this washing procedure twice more with HBS500 buffer, three times with 4 Molar magnesium chloride, and two times with PBS, collecting the supernatant each time [1-WIDE].  Store the coupled beads in 1,000 microliters of PBS at 4 degrees Celsius [2-MED-over the shoulder].
3.4.1. Talent continues with the washing procedure.    
3.4.2. Talent places the coupled beads in 1,000 µL of PBS at 4 °C.
4. Measuring Alkaline phosphatase (ALP) Expression to Prove the In Vitro Bioactivity of the Produced BMP2-K3Plk Before and After the Coupling Reaction
4.1. Perform the ALP assay as described in the text protocol [1-Title Card].
4.1.1. Title Card 
4.2. To perform ALP staining, culture promyoblastic C2C12 (pronounced as “C-two-C-twelve”) cells in DMEM with 10% Fetal Calf Serum as well as 100 Units per milliliter of penicillin G and streptomycin at 37 degrees Celsius in a humidified atmosphere at 5% CO2 [1-MED-over the shoulder]. 
4.2.1. Talent places the culture into the incubator.
4.3. Seed C2C12 cells at a density of 30,000 cells per well in a 96‐well microplate [1-CU].  After letting the cells attach overnight, remove the medium and add 20 microliters per well of BMP2-K3Plk coupled beads [2-MED].  Then, add 20 microliters of 0.4% low-melting-point agarose in each well [3-CU-TXT].
4.3.1. 96-well microplate as talent seeds the cells there.
4.3.2. Talent removes the medium from the plate and adds 20 microliters per well of the BMP2-K3Plk coupled beads from a labeled container.
4.3.3. Plate as talent adds low-melting point agarose to each well.  TEXT Overlay: See text for preparation of 0.4% Low Melting-Point Agarose  
4.4. Centrifuge the 96-well microplate at 2000 x g for 5 minutes at 20 degrees Celsius [1-MED-over the shoulder].  Then, add 80 microliters of the same medium [2-CU].  Incubate at 37 degrees Celsius in a humidified atmosphere at 5% CO2 for 72 hours [3-MED].
4.4.1. Talent places the 96-well microplate into the centrifuge, shuts the lid and starts the run.
4.4.2. Plate as talent adds 80 microliters of DMEM with 2% Fetal Calf Serum, 100 Units per milliliter of penicillin G and streptomycin.
4.4.3. Talent places the plate into the incubator.
4.5. Following incubation, remove medium, being careful not to detach the solidified 0.4% agarose [1-CU].  Add 100 microliters per well of 1-Step NBT BCIP substrate solution [2-MED-over the shoulder].
4.5.1. Plate as talent carefully removes the medium.
4.5.2. Talent adds 100 microliters per well of 1-Step NBT BCIP substrate solution from a labeled container.
4.6. Analyze alkaline phosphatase staining using light microscopy immediately after the purple staining becomes apparent.  Use bright field microscopy and take pictures [1-MED or WIDE].
4.6.1. Talent works at the microscope to analyze the staining. 
5. Results: Evaluation of the Bioactivity of BMP2 K3Plk after Site-Directed Immobilization
5.1. The bioactivity of the newly produced BMP2-K3Plk variant was validated by induction of alkaline phosphatase gene expression in C2C12 cells.  The in vitro test shows similar alkaline phosphatase gene expression levels induced by [1-LM] either wild type BMP2… [2-LM] or BMP2-K3Plk [2-LM]. 
5.1.1. 56616_Nickel_Figure 2 – Authors, please provide a layered (unflattened) version of figure 2 for the video.
5.1.2. 56616_Nickel_Figure 2 – Editors, please highlight the black curve.
5.1.3. 56616_Nickel_Figure 2 – Editors, please highlight the red curve.
5.2. Beads coated with BMP2-K3Plk via copper catalyzed azide-alkyne cycloaddition yielded fluorescence when incubated with the dye-labeled BMP receptor one A ectodomain.  The binding of BMP receptor one A to the BMP2-K3Plk confirms retention of the bioactivity after coupling. 
5.2.1. 56616_Nickel_Figure 4
5.3. The bioactivity of the BMP2-K3Plk-functionalized beads was proved by ALP mediated staining [1-LM].  Staining occurred only in those cells which were in direct contact with the BMP2-K3Plk-functionalized beads confirming that the protein is indeed covalently linked to the beads and not just absorbed [2-LM].  

5.3.1. 56616_Nickel_Figure 5A – Authors, please provide figure 5A alone without the “A” label for the video.
5.3.2. 56616_Nickel_Figure 5A – Editors, please slowly zoom into the inset as this point is narrated.
5.4. If the protein would be released in the absorbed situation, a more spread-out staining at larger distances would have been observed as seen here for Alkaline phosphatase staining upon treatment with soluble BMP2-K3Plk [1-LM].
5.4.1. 56616_Nickel_Figure 5B – Authors, please provide figure 5B alone without the “B” label for the video.
6. Conclusion (said by authors on camera)
6.1. Claudia Siverino: After watching this video, you should have a good understanding of how to express and produce biologically active tagged proteins by genetic codon expansion, and how to covalently couple a functionalized protein to microspheres by click chemistry reaction [1-MED]. 

6.1.1. Claudia speaks towards camera, interview style.

6.2. Claudia Siverino: Generating protein variants by genetic codon expansion allows, in principal, the introduction of artificial amino acid at any position of the primary protein sequence [1-MED].
6.2.1. Claudia speaks towards camera, interview style.

6.3. Claudia Siverino: Introducing a mutation into the BMP2 sequence can affect the refolding efficacy and can also change other protein parameters. The BMP2-K3Plk production required a modification of the established method for the expression of wild type BMP2 [1-MED].
6.3.1. Claudia speaks towards camera, interview style.

6.4. Claudia Siverino: The produced BMP2-K3Plk showed biological activity comparable to that of the wild type protein [1-MED].
6.4.1. Claudia speaks towards camera, interview style. 

6.5. Claudia Siverino: Our approach to covalently couple the BMP2 variant to azide-functionalized agarose beads by click chemistry could be realized with high efficiency resulting in functionalized beads triggering osteogenic differentiation in vitro [1-MED].

6.5.1. Claudia speaks towards camera, interview style.

6.6. Claudia Siverino: The use of site-directly immobilized BMP2 might overcome several drawbacks related to the high doses of soluble BMP2 which are needed to induce bone formation.  Standard protection according to good laboratory practice, or GLP, must be assured [1-MED]. 
6.6.1. Claudia speaks towards 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.  

Images should be inserted in the results part. 

56616_Nickel_Figure 2 – Authors, please provide a layered (unflattened) version of figure 2 for the video.
56616_Nickel_Figure 4

56616_Nickel_Figure 5A – Authors, please provide figure 5A alone without the “A” label for the video.
56616_Nickel_Figure 5B – Authors, please provide figure 5B alone without the “B” label for the video.
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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