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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. The Steps are as shown below: _2.6; 3.1; 3.3; 3.4; 4.1; 4.3_________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _____Mixing proteins thoroughly without forming excessive bubbles or losing protein in pipette tips
Success is achieved by slowly adding the protein solution into glass vials and slowly mixing components by a swirling motion
This procedure is done in steps 3.1, 3.4, 4.2___________________

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.  

Procedural Narrative:
The overall goal of this procedure is to synthesize a highly stable protein hydrogel that can be used as a general scaffold for protein immobilization. (Intro)

This is accomplished by first synthesizing 2 protein hydrogel building blocks in bacterial host. Each building block contains a subunit of a trimeric protein (P1, animation 1) that serves as a crosslinker and one half of the Npu split intein (P1, animation 2). These proteins are then purified by affinity chromatography (P1, animation 3) (P1)

In the second step, the purified protein building blocks are mixed (P2, animation 1) initiating intein trans-splicing reactions that reconstitutes a self-assembling polypeptide flanked by crosslinkers, triggering hydrogel formation (P2, animation 2). This hydrogel is highly stable in solution_. (P2)

Incorporation of an appropriate binding motif into the protein block copolymers (P3, animation 1) enables the convenient site-specific incorporation of functional globular proteins into the hydrogel building blocks (P3, animation 2), resulting in the formation of a hydrogel with immobilized proteins. (P3, animation 3) (P3) 

Immobilized globular proteins exhibit low leaching rate over 3 weeks at room temperature (P4, animation 1). (P4)

Finally, enzymes immobilized in this protein hydrogel are protected from denaturation by organic solvent. Thus, this hydrogel can also serve as a bioreactor (P5, animation 1) for organic synthesis (P5)

Conceptual Narrative:
The overall goal of the following experiment is to __(insert overall goal here; e.g. observe the effect of your treatment on cell migration using wound healing assays)____. (Intro)

This is achieved by (1st step of protocol e.g. adding NGF to cells) to _(goal of 1st step - e.g. induce cell differentiation)__. (P1)

As a second step, _(insert 2nd step)__, which __(insert goal of 2nd step)_________ . (P2)  

Next, __(insert 3rd step)_____in order to___(insert goal of 3rd step)_________. (P3)

Results are obtained that show _(effect of treatment - e.g.  differences in protein expression in NGF treated cells_ based on  ___(method of analysis - e.g. Western blotting analysis)__. (P4)


Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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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. [bookmark: _GoBack]Author name Miguel Ramirez_________: The main advantage of this technique over existing methods for stable protein immobilization, including those involving crosslinking surface lysine or cysteine with the solid scaffolds, encapsulation of enzymes in porous supports, or inter-enzyme cross-linking is its ability to stably immobilize target protein in a porous and highly hydrated environment without any chemical modification of the protein side chain. This technology also affords the assembly of multiple enzymes within a pathway in a predetermined three-dimensional arrangement that may facilitate substrate channeling between enzymes.  
1.2. Author name ________: This method can help answer key questions in the _________ field, such as _________________.  
1.3. Author name _________: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  
1.4. Author name ________: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.
1.5. Author name _______: Generally, individuals new to this method will struggle because ______________.
1.6.  Author name ________: I/We first had the idea for this method, when I/we ___________.
1.7. Author name _________: Visual demonstration of this method is critical as the ______________ steps are difficult to learn, because _______________.   
1.8. **Author name ________: Demonstrating the procedure will be ________ a _______ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Interview style: Author saying the above 
1.8.2. 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. Protein Purification
2.1. Prior to starting this procedure, generate the two protein block-copolymers, N and C (TEXT: N: CutA-NpuN; C: NpuC-S-CutA), via plasmid construction by recombinant DNA technologies by PCR followed by protein expression in Escherichia coli BL21(DE3).    Authors, how do you pronounce “BL21(DE3)”?
be-el-twenty one; de-e-three
2.2. To purify N, resuspend the cell pellets in Buffer A at 10 mL per gram of wet pellet (TEXT: See text protocol for all buffer preparations). Then, immerse the pellet suspension in an ice-water bath and disrupt the cells by sonication at 10 Amps with 1 sec pulse and 6 sec pause for 1 min.    Authors, is the pellet suspension in a tube when it is immersed in an ice-water bath?    Yes
2.3. Next, centrifuge the lysate at 16,000 x g for 20 minutes at 4 °C. Discard the supernatant and resuspend the pellet in Buffer DA. 
2.4. Following centrifugation using the same conditions as before, pass the supernatant through a 5-mL NTA column previously equilibrated with Buffer DA. Then, wash the column with 30 mL of Buffer DA supplemented with 45 mM imidazole. Elute the purified protein using 20 mL of Buffer DA supplemented with 150 mM imidazole. 
2.5. Centrifuge the purified protein in a 30-kDa ultra-filtration spin column at 2800 x g at 4 °C until the volume is less than 1 mL. When finished, add 14 mL of DPBS buffer to the column to dilute the protein sample. Repeat the centrifugation and dilution steps three more times.    
2.6. After buffer exchange, add DTT to the purified protein to give a final concentration of 2 mM. Next, concentrate the protein to ~100 mg/mL by centrifugation through a 30-kDa ultra-filtration spin column at 2800 x g at 4 °C for approximately 45 minutes to 1 hour.    Authors, how long do you centrifuge the sample? 
3. Hydrogel Formation and Immobilization of GFP via Docking Protein and Docking Station Peptide Interaction
3.1. To make a 100 μL hydrogel, mix 42 μL of a 100 mg/mL stock solution of C with 10 μL of 5% sodium azide, 5 μL of 100 mM DTT and 42 μL of a stock solution of 100 mg/mL of N in a 2 mL glass vial. Add 1 μL of DPBS buffer to the vial to achieve a final volume of 100 μL, and manually mix all the components via a swirling motion using a pipette tip (TEXT: See text protocol for details on protein volume calculations).    Authors, can you provide the exact amounts of C and N used in this experiment to make it easier for the voiceover to say this step?  The viewer can refer to the text protocol for the calculation, as stated in the TEXT overlay.
3.2. After centrifuging the mixture for 2 minutes at 8,000 x g, incubate it at room temperature overnight on the bench top to allow the intein trans-splicing reaction to reach completion. Following this, confirm hydrogel formation by turning the tube upside down. Estimate the intein trans-splicing yield by SDS-PAGE gel.    Authors, for overnight incubation in this step and relevant steps, do you set the sample on the bench or in the hood?
3.3. To make 50 μL of a 1.2 mM GFP-functionalized hydrogel, combine 17 μL from a stock solution containing 100 mg/mL of C-SH3lig (TEXT: C-SH3lig: NpuC-S-SH3lig-CutA), and 9 μL of a solution of 230 mg/mL SH3-GFP in a 1:1 molar ratio in a 1.7 mL microcentrifuge tube and incubate the mixture at room temperature for 30 minutes.    Authors, how do you pronounce “C-SH3lig” and “SH3-GFP”?		Can you provide the exact amounts of NpuC-S-SH3lig-CutA and SH3-GFP used in this step?
 (pronounce individual letter, pronounce lig as ligand)
3.4. Next, add 5 μL of 5% sodium azide, 2.5 μL of 100 mM DTT, and 0.5 μL DPBS to the same tube. Add 16 μL N to achieve a 1:1 molar ratio of N and C-SH3lig and mix the sample via a swirling motion using a pipette tip.    Authors, can you provide the exact amounts of DPBS and N used in this step?
3.5. Centrifuge the mixture at 8,000 x g for 2 minutes. When finished, incubate the mixture at room temperature overnight in the dark to form a hydrogel encapsulating SH3-GFP.
4. Use of 1.6 mM Hydrogel as an Immobilization Scaffold for Enzymatic Reaction in Organic Solvent
4.1. Following this For an additional application, prepare a 0.63 mM stock solution of HRP in DPBS. To make a 30 μL of a 1.6 mM hydrogel entrapping HRP, combine 12 μL of stock solution containing 100 mg/mL C with 2 μL of HRP, 3 μL of 5% sodium azide and 0.5 μL of 300 mM DTT in a 1.7 mL centrifuge tube.    Authors, can you provide the exact amount of C used in this step? 
4.2. Add 12 μL of 100 mg/mL N and 0.5 μL of DPBS and mix the solution via a swirling motion using a pipette tip. After centrifuging the mixture at 8,000 x g for 2 minutes, incubate it at room temperature overnight.    Authors, can you provide the exact amounts of N and DPBS used in this step?  
4.3. For the enzymatic reaction, submerge the hydrogel in 1 mL of a reaction cocktail containing 5.8 mM of N,N-dimethyl-p-phenylene diamine, 5.8 mM of phenol and 2.9 mM of tert-butyl hydroperoxide (TEXT: 5.8 mM N,N-dimethyl-p-phenylene diamine, 5.8 mM phenol, 2.9 mM tert-butyl hydroperoxide) in n-heptane. Manually disrupt the gel using a pipette tip to increase the contact surface area of the hydrogel and the solvent.
4.4. Detect HRP product, an indophenol-type dye, by measuring the optical absorbance of samples taken at different times at 546 nm in a plate reader. 
5. Results: Formation and Characterization of Intein-mediated Protein Hydrogel
Authors, please feel free to change the results title if you had something more fitting in mind.
5.1. Mixing of purified N and C in the presence of the reducing agent DTT induces the formation of a third protein, the ligated product J (Figure 1A, C). Individually, the hydrogel building blocks N and C exist as viscous fluids (Figure 1B). Mixing of N and C yields a transparent semi-solid material that is retained on the bottom of a glass vial after inversion, indicative of the formation of a hydrogel (Figure 1B).
5.1.1. LAB MEDIA: Figure 1
5.2. This intein-mediated protein hydrogel exhibits high solution stability.  There is little-to-no loss of crosslinked hydrogel scaffold after 21 days at 22 °C in DPBS buffer, as the total amount of protein released into the DPBS buffer only slightly exceeds the theoretical amount of the spliced intein from the hydrogel (Figure 3A). Densitometry revealed that, during hydrogel formation, trans-splicing reactions were ~80% efficient. SDS-PAGE gel analysis showed that only trace amounts of the trans-spliced product were present in the hydrogel’s surrounding buffer (Figure 3B, band J), confirming that loss of the crosslinked hydrogel scaffold to erosion is minimal. The main protein present in the hydrogel’s surrounding buffer is the spliced out intein. No visible signs of erosion were observed in an undisturbed hydrogel submerged in aqueous solution at room temperature for over 3 months (Figure 3A inlet). The hydrogel is also highly stable at 37 °C (Figure 3C) and in both acidic and basic buffers (Figure 3D).
5.2.1. LAB MEDIA: Figure 3
5.3. To facilitate protein immobilization, a protein pair and its peptide ligand were used to dock proteins of interest into the hydrogel scaffold. We chose the SH3 protein, a Src homology 3 domain from the adaptor protein CRK, as the docking protein for fusion to a protein of interest, and its ligand as the docking station peptide for incorporation into the hydrogel scaffold. This interaction pair was chosen because of the relatively small molecular size and high affinity. SH3lig was inserted between NpuC and CutA to form C-SH3lig. The SH3 protein was fused to the N-terminus of a model target globular protein, GFP. The process described in the protocol (Figure 4A) yields a hydrogel containing 1.2 mM trans-spliced hydrogel backbone building blocks and 1.2 mM GFP. 
5.3.1. LAB MEDIA: Figure 4A
5.4. The GFP-containing hydrogel exhibited a similar stability to the hydrogel lacking GFP (Figure 4B) with ~35% total protein loss after 21 days in DPBS buffer. Most of the proteins present in the erosion buffer were the cleaved inteins. The leaching rate of SH3-GFP from a hydrogel containing the SH3lig is ~30 % after 3 weeks, significantly smaller than that from a hydrogel lacking the SH3lig (Figure 4C). As seen in Figure 4D, hydrogel containing the docking station peptide SH3lig retains most of the GFP fluorescence after 3 weeks while the hydrogel lacking SH3lig becomes essentially non-fluorescent. In this experiment, GFP was used as the target protein; however, any DP-tagged protein can be conveniently immobilized into this hydrogel. Thus, the intein-mediated protein hydrogel should provide a general scaffold for protein immobilization. The density of immobilized GFP demonstrate in this work is ~33 mol% of the hydrogel. A higher immobilization density can potentially be achieved when multiple docking station peptides are incorporated into the hydrogel building block.
5.4.1. LAB MEDIA: Figure 4B
5.4.2. LAB MEDIA: Figure 4C
5.4.3. LAB MEDIA: Figure 4D
5.5. Next, the HRP enzyme was incorporated into the protein hydrogel to demonstrate its ability to support biocatalysis in organic solvents. Enzyme activity was measured by monitoring the oxidative coupling of N,N-dimethyl-p-phenylene diamine and phenol with tert-butyl hydroperoxide over time. The hypothesis was that the hydrated environment of the hydrogel would protect the attached enzyme from the denaturing effect of the organic solvent. After immersing in organic solvent, the HRP-containing hydrogel was manually disrupted into small clusters to increase the hydrophilic-hydrophobic interface area (Figure 5B). 
5.5.1. LAB MEDIA: Figure 5B
5.6. Hydrogel-incorporated HRP effectively catalyzed the rapid oxidation reaction, giving rise to a colorimetric product (Figure 5C, triangles). The product accumulation follows a linear slope, indicating little-to-no enzyme inactivation during the experiment. HRP dissolved in DPBS first followed by addition to the organic solvent was able to catalyze the conversion but at a much reduced reaction rate (Figure 5C, circles). The low conversion rate of enzymes dissolved in DPBS is likely due to the small interfacial area between the DPBS and the organic solvent, which limits the rate of substrate/product diffusion. Incorporation of the highly hydrophilic S fragment in the hydrogel backbone, which effectively ‘locks’ the water inside the hydrogel and prevents the organic solvent from accessing the hydrogel interior, enables the hydrogel to withstand the denaturing effect of organic solvent. These results indicate that the intein-mediated protein hydrogel can be an effective scaffold for enzymatic reactions in organic solvent. 
5.6.1. LAB MEDIA: Figure 5C

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


6. 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.

6.1. Author name ________: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.
6.2. Author name ________: While attempting this procedure, it’s important to remember to ___________.
6.3. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.
6.4. Author name _Miguel Ramirez_______: After its development, The structural flexibility and high stability of this self-assembling hydrogel allow it to be used not only in protein immobilization, but also in other applications, including biofuel cells, injectable drug delivery carriers and tissue engineering scaffolds. this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).
6.5. Author name _________: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).
6.6. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   

       

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.

5.1.1- 51202_Chen_Figure1.pptx
5.2.1- 51202_Chen_Figure3.pptx
5.3.1- 51202_Chen_Figure4A.pptx
5.4.1- 51202_Chen_Figure4B.pptx
5.4.2- 51202_Chen_Figure4C.pptx
5.4.3- 51202_Chen_Figure4D.pptx
5.5.1- 51202_Chen_Figure5B.pptx
5.6.1- 51202_Chen_Figure5C.pptx


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.
 2012, Journal of Visualized Experiments
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