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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No

2. Does your protocol include software usage? (Y/N) Yes
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Steps 2.2, 3.2, 4.1, 4.2, 5.1, and 6.10
4. 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 3.3 and 3.4
5. Will the filming need to take place in multiple locations? (Y/N) No


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Justin A. Jones: This method of solubilizing recombinantly produced spider silks results in materials forms that are not possible using traditional harsh organic solvents.  Further, the process is green resulting in a protein solution in water.  By utilizing this method, the material forms produced maintain the desirable properties of spider silk [1].
1.1.1. INTERVIEW

1.2. Justin A. Jones: This solubilization technique for recombinant spider silks allows for the silk proteins to be solubilized in water in a one-step technique.  By doing so, it prevents loss of these notoriously difficult to produce proteins from extensive processing.  Further, given that the solution is simply protein and water, other biologically active compounds can be added if that is desired for the application [1].
1.2.1. INTERVIEW

1.3. Thomas Harris: Particularly, the protein structure/function relationship of spider silk proteins.  This system is mimetic to how a spider makes fibers in that it utilizes water and proteins at high concentrations.  Using this method of solubilization and subsequent materials formation, there is the potential to gain understanding into what protein structures are being formed and how that relates to materials properties [1].
1.3.1. INTERVIEW

1.4. Thomas Harris: It is thought that it can be.  We have used the technique for solubilizing synthetic peptides that otherwise would require an alkaline or acidic environment to solubilize.  That can be advantages in downstream applications for those peptides.  Further, there are a number of known proteins, that when expressed synthetically, end up in the insoluble fraction.  Resolubilizing and then refolding these proteins is often a laborious process that results in large losses.  By utilizing this technique, or variations of it, the recovery process for insoluble proteins could be made more efficient [1].
1.4.1. INTERVIEW

1.5. Brianne Bell: Placing a sealed vial in a microwave is a bit daunting given the risk of overheating and thus over pressurizing the vial.  Understanding the staged approach to applying heat and pressure is crucial.  Second, for recombinant spider silk in particular, having salt present will not allow the technique to work or work as effectively, depending on how much salt is present.  Salt removal is key [1]. 
1.5.1. INTERVIEW

1.6. Brianne Bell: Be patient and careful.  Closely monitor your microwave times and temperatures inside the vial [1].
1.6.1. INTERVIEW

1.7. Thomas Harris: I think it is so critical because there are a number of “moving parts” to the operation that are often difficult to convey through traditional written material and methods sections.  Given that there are so many proteins that have solubility problems that prevent adequate study, this method has the potential to be applied across a variety of protein spaces to improve, or even allow, analytical techniques to be applied [1].
1.7.1. INTERVIEW




Section - Protocol
2. Recombinant Spider Silk Mixture Preparation from Lyophilized Protein Stocks 
2.1. To begin, select a clean and new 8 milliliter autoclavable borosilicate glass culture vial with a rubber lined screw cap [1]. Remove the cap and place the empty vial on an analytical balance [2]. Tare the mass of the empty vial so that the balance reads zero mass [3]. 
2.1.1. WIDE: Talent obtains a vial and cap.
2.1.2. MED: Talent removes the cap and places the vial on balance.
2.1.3. MED: Talent presses zero, with the view of the balance screen showing zero.
2.2. Add desired lyophilized recombinant spider silk protein powder to the empty vial for the specific material [1-TXT]. Then, add desired amount of ultrapure water, at least 2 milliliters, to the vial [2].
2.2.1. MED: Talent adds powder into vial. TEXT: hydrogels/sponges/lyogels: 60 mg of MaSp1 and 60 mg of MaSp2; films/coatings: 80 mg of MaSp1 and 20 mg of MaSp2; adhesives: 120 mg of MaSp1 and 120 mg of MaSp2; fibers: 200 mg of MaSp1 and 50 mg of MaSp2.
2.2.2. MED: Talent adds powder to the vial.
2.2.3. MED: Talent adds water into vial.
2.3. Seal the vial cap and briskly vortex the contents [1] to create a dispersed, and homogenous, recombinant spider silk protein mixture [2]. 
2.3.1. MED: Talent seals cap and vortexes.
2.3.2. CU: Talent shows the vial with mixture.
3. Recombinant Spider Silk Solvation
3.1. Perform a final check of the vial, cap to ensure that it has been firmly and securely tightened [1]. Then transfer the suspended recombinant spider silk protein mixture to a conventional microwave oven with the power range of 700 to 1,500 Watts and rotating platforms [2-TXT].
3.1.1. MED: Talent checks the vial and caps the vial.
3.1.2. MED: Talent transfers the vial to microwave oven. TEXT: Caution: High heats and pressures are generated. 
3.2. Begin operation of the microwave with 5 seconds bursts at full power by manually switching on and off [1]. After each burst, briefly open the door and carefully mix the vial to prevent settling and maintain the suspended mixture [2]. Occasionally allow the vial and solution to cool [3], and prevent the superheated solution from touching the seal [4].
3.2.1. MED: Talent turns on the microwave.
3.2.2. MED: Talent opens the door and mixes the vial.
3.2.3. MED: Talent takes out the vial to cool.
3.2.4. CU: Shot of the vial with Talent pointing to the seal.
3.3. Use an infrared thermometer to measure the temperature of the solution containing portion of the vial [1]. Repeat the microwave process, until the temperature reaches at least 130 degrees Celsius [2-TXT], and all of the solid particulates have been completely dissolved [3].
3.3.1. MED: Talent uses a thermometer to measure temperature in the vial.
3.3.2. CU: Talent shows the thermometer with temperature of at least 130 degrees Celsius. TEXT: Caution: Temperatures exceeding 200 °C increase the risk of vial seal failure. Videographer comment: Got this shot already in 3.3.1.
3.3.3. CU: Talent shows the vial with no observable solids.
3.4. Then, allow the temperature of the solution and the vial cap to cool [1] below 100 degrees Celsius [2].
3.4.1. MED: Talent places the vial on a surface to cool.
3.4.2. CU: Talent shows the thermometer with temperature below 100 degrees Celsius.
4. Hydrogels, Sponges, and Lyogel Preparation
4.1. Prior to the solution is fully cooled, cast it from the vial into specific geometries to form a hydrogel [1]. After the hydrogel is formed, place it in a water bath, and transfer it to the freezer at -20 degrees Celsius [2]. Wait until the bath is frozen completely [3].
4.1.1. MED: Talent pours solution into a tube.
4.1.2. MED: Talent takes out the hydrogel from the cast and places it into water bath, and transfers to freezer.
4.1.3. MED: Talent shows the bath is completely frozen.
4.2. Complete the sponge formation process by removing the frozen hydrogel and water bath from the freezer and thawing at 25 degrees Celsius [1]. Then, remove the resultant sponge from the thawed water [2].
4.2.1. MED: Talent thaws the water bath.
4.2.2. MED: Talent takes out the sponge from the water.
4.3. To prepare a lyogel, transfer a frozen hydrogel sample to a lyophilizer [1]. After 24 hours, remove the final lyophilized gel material from the vessel [2].
4.3.1. MED: Talent transfers a frozen hydrogel to lyophilizer.
4.3.2. MED: Talent takes out the sample and shows it.
5. Films, Coatings and Adhesives
5.1. To produce films of recombinant spider silk protein, cast 200 microliters of the hot solubilized recombinant spider silk protein from the vial onto a PDMS form of the desired shape [1-TXT]. After it is dried, peel it off the PDMS substrate for testing or treatment [2]. 
5.1.1. MED: Talent pours the solution from vial to a mold. TEXT: PDMS: Polydimethylsiloxane
5.1.2. CU: Talent peels the film off.
5.2. To prepare a coating that cannot be removed from the substrate, use an airbrush sprayer to apply the solubilized recombinant spider silk protein to perform an initial spray coating on the substrate of choice [1]. 
5.2.1. MED: Talent performs a spray coating. Videographer comment: Use take #3
5.3. After it is dried [1], submerge the coated substrate into the solubilized recombinant spider silk protein to form a dip coating [2]. Repeat the dip coating to achieve desired thickness [3].
5.3.1. CU: Talent shows the coating is dry.
5.3.2. CU: Talent submerges the substrate into protein solution.
5.3.3. CU: Talent submerges the substrate into protein solution again.
5.4. To form adhesives, use a pipette to add the solubilized recombinant spider silk protein onto a substrate [1], and then apply a second substrate over the top of the solution [2]. Firmly clamp the pieces together and then dry the samples in an oven with a minimal temperature of 25 degrees Celsius for at least 16 hours [3].
5.4.1. MED: Talent adds solution on to a substrate. Videographer comment: 5.4.1&5.4.2 are combined shots.
5.4.2. MED: Talent places a second substrate on the top.
5.4.3. MED: Talent clamps the two pieces together and places the samples in oven.
6. Wet-Spun Fibers
6.1. To generate wet-spun fibers, through a 19 gauge glide needle [1], load the solubilized dope solution into a concentric syringe with Luer-Lok tip [2]. Eject air bubbles and let the dope sit at the Luer-Lok end of the syringe [3]. 
6.1.1. CU: Talent shows the syringe equipped with a needle.
6.1.2. MED: Talent loads the syringe with solution.
6.1.3. ECU: Talent eject air bubbles. Close up of the tip of the needle and the end of the syringe.
6.2. Insert at least 25 millimeters of PEEK (pronounce as pēk (exactly as peak)) tubing [1-TXT], into the PEEK tubing’s one-piece finger tight Fittings for 1 over 16-inch outer diameter and 10 over 32 cone [2]. Replace the 19 gauge needle with this set up on the Luer-Lok female adapter of the syringe [3]. 
6.2.1. ECU: Talent shows the PEEK tubing’s cross section. TEXT: ID: 0.01 inch
6.2.2. CU: Talent inserts the tubing into the fittings
6.2.3. CU: Talent attaches the fitting to the syringe.
6.3. Then, place nitrile gloves on the outside of intermediate godets to keep fiber to be generated from slipping and to avoid damaging motors [1].
6.3.1. WIDE: Talent places gloves on the outside of godets.
6.4. Fill a tall, clear glass bath with 99% pure isopropanol to use for coagulation bath [1]. Fill the first stretch bath with 80:20 ratio of isopropanol and distilled water, in the second stretch bath, fill 20:80 ratio of isopropanol and distilled water [2].
6.4.1. MED: Talent fills glass bath with isopropanol.
6.4.2. MED: Talent fills two stretch baths with different isopropanol solutions.
6.5. Setup the godet stretch system on the computer [1]. To adjust the main speed of fiber removal, adjust the sliding bar for the Godet Triplet A Speed to a value between 10 to 14 millimeters per second depending on how well and quickly the fiber is forming [2].
6.5.1. MED: Talent operates on the computer.
6.5.2. SCREEN: Talent adjusts main speed. 
6.6. Initiate a first stretch by moving the sliding bar of the Godet Triplet B Stretch Ratio to 2 [1] for the final godet in stretch bath 1 [2], the middle upper godet [3], and the first godet in stretch bath 2 [4].
6.6.1. SCREEN: Talent adjusts ratio for A to B.
6.6.2. MED: Shot of the godets rotating at the same speed, with both the godets and the baths in view. Video editor: emphasize the final godet.
6.6.3. MED: Shot of the godets rotating at the same speed, with both the godets and the baths in view. Video editor: emphasize the middle upper godet.
6.6.4. MED: Shot of the godets rotating at the same speed, with both the godets and the baths in view. Video editor: emphasize the first godet in stretch bath 2.
6.7. Initiate the second stretch by moving the sliding bar of the “Godet Triplet C Stretch Ratio” to 2 [1] for the final godet in stretch bath 2 [2], the last upper godet [3], and the winder [4].
6.7.1. SCREEN: Talent adjusts ratio for B to C.
6.7.2. MED: Talent adjusts settings. Video editor: emphasize the final godet in stretch bath 2.
6.7.3. MED: Shot of the godets rotating at the same speed, with both the godets and the baths in view. Video editor: emphasize the last upper godet.
6.7.4. MED: Shot of the godets rotating at the same speed, with both the godets and the baths in view. Video editor: emphasize the winder.
6.8. This setting ensures that the first godet after the coagulation bath [1], and the first godet in the first stretch bath are rotating at the same speed [2].
6.8.1. MED: Shot of the godets rotating. Video editor: emphasize the first godet after coagulation bath. Videographer comment: Swap 6.8.1&6.8.2
6.8.2. MED: Shot of the godets rotating. Video editor: emphasize the first godet in the first stretch bath.
6.9. Next, load the silk solution in the syringe of a custom spin-line instrument [1]. In the automated system set the extrusion rate to 10 millimeters per second [2], in order to extrude the silk solution into the glass coagulation bath filled with isopropanol [3]. 
6.9.1. MED: Talent loads silk solution into syringe holder.
6.9.2. SCREEN: Talent sets extrusion rate. Videographer comment: Addressed/Set in 6.5.2
6.9.3. CU: Close up of the solution extruding to coagulation bath.
6.10. Allow the fiber extrusion to become uniform [1] before pulling the fibers out of the bath with a thin metal hook [2]. Verify removing the fiber from the bath creates a loop between the PEEK tubing tip, and path the fiber leaving the bath [3].
6.10.1. CU: Shot of the uniform fiber extrusion.
6.10.2. CU: Talent pulls the fibers out of the bath. Videographer comment: Shots combined: 6.10.1&6.10.2
6.10.3. CU: Shot of the loop.
6.11. Guide the retrieved fiber through the series of godets [1] such that the fiber is submerged in the stretch baths [2] but drying in the air between the stretch baths [3] and before going onto a spool [4].
6.11.1. MED: Talent guides the fiber through godets.
6.11.2. CU: Shot of the part of the fiber is submerged in baths. Videographer: Take multiple shots, as this will be used later.
6.11.3. MED: Shot of the part of the fiber is in the air between the stretch baths
6.11.4. [bookmark: _GoBack]MED: Shot of the part of the fiber before going onto a spool. Videographer comment: Got 6.11.3&6.11.4 with 6.11.2.


Section – Results
7. Results: Aqueous Solvation and rSSp Materials
7.1. In this protocol [1], through solubilization of recombinant spider silk protein [2], a variety of material forms can be achieved. Seven material forms are presented here [3]. Hydrogels, lyogels, sponge, adhesives, coatings, films, and fibers [4].
7.1.1. Figure 1
7.1.2. Figure 1– Video editor: emphasize the protein solution in the middle.
7.1.3. Figure 1
7.1.4. Figure 1– Video editor: emphasize the corresponding material accordingly.
7.2. Among which, fibers require the most extensive processing by extruding into a coagulation bath [1] and then serially stretching the raw fiber in post-spin stretch baths [2].
7.2.1. Figure 1– Video editor: emphasize the fiber material.
7.2.2. Use 6.11.2.
7.2.3. 


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Justin A. Jones: Given that the protein and water solution is heated to relatively high temperature and pressure, our experience has been that the solutions are sterile at the point they are solvated.  This lends any of the materials presented here to be taken to cell culture to study the cellular response to the materials [1].
8.1.1. INTERVIEW
8.2. Justin A. Jones: Certainly, this technique has led to the discovery of a variety of material forms from recombinant spider silks such as adhesives and sponge materials.  Material forms that are not focused on fiber development although that has been one area that has also seen improvement [1].
8.2.1. INTERVIEW
8.3. Justin A. Jones: Generating heat and pressure inside of a sealed vial has inherent danger.  Always wear personal protective equipment when performing these procedures [1].
8.3.1. INTERVIEW
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