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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? Y
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.)
2.4.1 
2.4.2
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.)
2.6.1
2.6.2
5. Will the filming need to take place in multiple locations? N


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Peng Zheng : Our enzymatic method builds protein oligomer with a controlled number of polymerization degree. It is a perfect sample preparation for single-molecule force spectroscopy study as well as protein-based material construction [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Peng Zheng: Our method does not introduce cysteine to the target protein. Because cysteine is one of the most important functional residues for protein, it facilitates the building of polymerized metalloprotein or enzymes [1]. 
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera)

1.3. Peng Zheng: Demonstrating the procedure will be Yibing Deng and Shengchao Shi, grad students from my laboratory [1] [2].  
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.




Section - Protocol
2. Functionalization of Coverslip and Cantilever Surface
2.1. [bookmark: _GoBack][bookmark: OLE_LINK12]To begin, dissolve 20 grams of potassium chromate in 40 milliliters of ultrapure water in a beaker [1]. Slowly add 360 milliliters of concentrated sulfuric acid to the potassium dichromate solution, and use a glass rod to stir gently [2-TXT].
2.1.1. Talent adds compound into water.
2.1.2. Talent adds acid to the solution, and stirs. TEXT: CAUTION: The final chromic acid is strongly corrosive and acidic.
2.2. [bookmark: OLE_LINK11]Place a glass coverslip in the chromic acid, and transfer it to an oven at 80 degrees Celsius for 30 minutes [1]. Clean the coverslip with water and then absolute ethyl alcohol and dry the coverslip with a stream of nitrogen.[2] Completely immerse the coverslip in 1% volume by volume APTES (pronounce as A-P-T-E-S) toluene solution for 1 hour at room temperature while protecting them from light [23].
2.2.1. Talent places a coverslip into the acid, and places them in an oven.
2.2.2. Add shoot: Talent clean the coverslip with a wash bottle and then dry the coverslip with nitrogen. 
2.2.3. Talent places the coverslip in a solution, and put them in the dark.
2.3. Wash the coverslip with toluene first and then with absolute ethyl alcohol [1] and dry the coverslip with a stream of nitrogen [2]. Incubate the coverslip at 80 degrees Celsius for 15 minutes [3] and then let it cool down to room temperature [4].
2.3.1. Talent rinses the cover slip with two solutions one after another.
2.3.2. Talent dries the coverslip.
2.3.3. Talent places the coverslip into an oven.
2.3.4. Talent takes out the coverslip, and places it on a surface.
2.4. Use a pipette to add 200 microliters of 1 milligram per milliliter sulfo-SMCC (pronounce as sulfo-S-M-C-C) in DMSO (pronounce as D-M-S-O) solution between two immobilized coverslips [1] and incubate for 1 hour protected from light [2].
2.4.1. CU: Talent adds solution between two coverslips. Important Step
2.4.2. Talent places the two coverslips in the dark. Important Step
2.5. After an hour, wash the coverslips with DMSO first and then with absolute ethyl alcohol to remove residual sulfo-SMCC [1]. Dry the coverslip under a stream of nitrogen [2].
2.5.1. Talent rinses the coverslips with two solutions.
2.5.2. Talent dries the coverslip with nitrogen.
2.6. Pipet 60 microliters of 200 micromolar GL-ELP50nm-C (pronounce as G-L-E-L-P-fifty-Cys) protein solution onto a functionalized coverslip [1] and incubate at 25 degrees Celsius for about 3 hours [2]. After that, wash the coverslip with ultrapure water to remove the unreacted GL-ELP50nm-C [3].
2.6.1. CU: Talent adds solution onto a coverslip. Important Step
2.6.2. Talent places the coverslip into an oven. Important Step
2.6.3. Talent rinses the coverslip with water. Important Step
2.7. [bookmark: OLE_LINK1]To prepare functionalized cantilever surface, first immerse the cantilevers in chromic acid [1], and clean the cantilevers at 80 degrees Celsius for 10 minutes [2]. Use water and absolute ethyl alcohol wash away the acid [3]. 
2.7.1. Talent immerses the cantilevers in acid.
2.7.2. Talent places them in an oven.
2.7.3. Add shoot: Talent wash the cantilevers with a washing bottle
2.8. Immerse the cantilever with 1% volume by volume APTES toluene solution to perform amino-silanization in a plastic tube cap for 1 h [1], Rinse the cantilever with absolute ethyl alcohol [2] and then bake the cantilever at 80 degrees Celsius for 15 minutes [32].
2.8.1. Talent immerses the cantilevers in solution.
2.8.2. Add shoot: Talent rinses cantilever with a washing bottle.
2.8.3. Talent places them in an oven.
2.9. Immerse the cantilever in sulfo-SMCC solution for 1 h [1], and then rinse the cantilever with absolute ethyl alcohol [2]
2.9.1. Add shoot: Talent immerses the cantilever in a drop of solution.
2.9.2. Add shoot: Talent rinses the cantilever with a washing bottle.
2.10. To link the C-ELP50nm-NGL (pronounce as Cys- E-L-P-fifty-N-G-L) to the surface, immerse the cantilevers in the C-ELP50nm-NGL with the maleimide group of sulfo-SMCC for 1.5 hours [1]. Then, wash away the unreacted C-ELP50nm-NGL on the cantilever by ultrapure water [2].
2.10.1. Talent immerses the cantilevers in solution.
2.10.2. Talent rinses the cantilevers.
2.11. Next, immerse a functionalized cantilever in a solution containing 200 microliters of 50 micromolar GL-CBM-XDoc (pronounce as G-L-C-B-M-X-Dockerin) protein solution with 200 nanomolar OaAEP1 (pronounce as O-A-A-E-P-one) [1], and place them at 25 degrees Celsius for 20-30 minutes [2]. 
2.11.1. Talent immerses the cantilevers in solution.
2.11.2. Talent places the solution into an oven.
2.12. Then, use AFM buffer to wash away unreacted protein [1].
2.12.1. Talent takes out the cantilever from the oven, and washes with buffer.
2.13. Yibing Deng: It is critical to wash away unreacted residue protein before AFM experiment. Because it will form un-breakable cohesion-dockerin pari and block the cantilevel to pick up new protein on the surface [1].
2.13.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
3. Stepwise Polyprotein Preparation with Controlled Sequences
3.1. [bookmark: OLE_LINK2]To link the ligation unit Coh-tev-L-POI-NGL(pronounce as Cohesin-Tev-L-protein of interest-N-G-L) to the GL-ELP50nm immobilized on the coverslip surface, add 15 microliters of OaAEP1 onto the coverslip, and let it incubate for 30 minutes.
3.1.1. CU: Talent adds solution onto the coverslip. Videographer: Take multiple shots, as this will be used later.
3.2. Use 15-20 milliliters of AFM (pronounce as A-F-M) buffer to wash away any unreacted proteins [1]. Add 100 microliters of TEV (pronounce as T-E-V) protease to cleave the protein unit at the TEV recognize site [2] for 1 hour at 25 degrees Celsius [3].
3.2.1. CU: Talent rinses the coverslip. Videographer: Take multiple shots, as this will be used later.
3.2.2. CU: Talent adds solution onto the coverslip.
3.2.3. Talent places the coverslip into an incubator.
3.3. Then, use 15-20 milliliters of AFM buffer to wash away residual proteins [1]. Link the ligation unit Coh-tev-L-POI-NGL to the GL-Ub-NGL-Glass (pronounce as G-L-Ubiquitin-N-G-L-Glass) by OaAEP1 for 30 minutes [2].
3.3.1. Use 3.2.1.
3.3.2. CU: Talent adds solution onto the coverslip.
3.4. Depending on protein construct GL-(Ub)n-NGL to be built on the glass surface, repeat the polyprotein preparation steps N-1 times. Omit the last TEV cleavage reaction to reserve cohesin on the protein-polymer as Coh-tev-L-(Ub)n-NGL-Glass (pronounce as Cohesin-Tev-L-Ubiquitin-N-N-G-L-Glass) [1].
3.4.1. Use 3.1.1.
4. AFM Experiment Measurement and Data Analysis
4.1. Add 1 milliliter of AFM buffer with 10 millimolar calcium chloride and 5 millimolar Ascorbic Acid to the AFM fluid chamber [1]. Choose the D tip of the functionalized AFM probe for the experiment [2]. Immerse the probe in the AFM buffer [3]. Use the equipartition theorem to calibrate the cantilever in AFM buffer with an accurate spring constant k value before each experiment [3].
4.1.1. Talent adds buffer into the chamber.
4.1.2. Talent shows the D tip.
4.1.3. Talent immerses the probe in the AFM buffer.
4.2. Attach the cantilever tip functionalized with dockerin to the protein-deposited surface functionalized with cohesion to form the Cohesin Dockerin pair [1]. Retract the cantilever at a constant velocity of 400 nanometers per second from the surface. In the meantime, record the force-extension curve at a sample rate of 4000 Hertz [21]. Use the equipartition theorem to calibrate the cantilever in AFM buffer with an accurate spring constant k value before each experiment [2]. Attach the cantilever tip functionalized with dockerin to the protein-deposited surface functionalized with cohesion to form the Cohesin Dockerin pair [3]. 
4.2.1. CU: Talent attaches the cantilever tip to the sample surface.
4.2.2. SCREEN: Talent adjusts settings 
4.2.3. Added shot: SCREEN: Talent use the equipartition theorem to calibrate the spring constant (k) of the cantilever in solution 
4.2.4. Added shot: SCREEN: Talent and records curves. {Comment: Original step 4.2.2 is complicated for presenting as only one step}
4.3. Then, open JPK data processing software, and select force-extension curve with the characteristic “sawtooth-like” pattern and a high detachment force. [1].
4.3.1. SCREEN: Force-extension curve with the characteristic “sawtooth-like” pattern from stepwise protein unfolding and a high detachment force is selected.






Section – Results
5. Results: AFM-based SMFS Measurements, UV-Vis Absorbance Spectra and SDS-PAGE Gel Results
5.1. In this study, the NGL (pronounce as N-G-L) residues introduced between adjacent proteins by OaAEP1 ligation did not affect protein monomer stability in the polymer expressed as the unfolding force [1], and contour length increment was comparable with previous study [2].
5.1.1. Figure 1 – Video editor: Emphasize Figure 1A.
5.1.2. Figure 1 – Video editor: Emphasize Figure 1B.
5.2. The purification of ferric-form rubredoxin presented typical UV-Visualized absorption peaks at 495 nanometers and 579 nanometers [1] while the Zinc-form did not [2].
5.2.1. Figure 2 - Video editor: Emphasize the left, and emphasize the two peaks at 495nm and 579nm.
5.2.2. Figure 2 - Video editor: Emphasize the right.
5.3. SDS-PAGE (pronounce as S-D-S-page) gel results of the stepwise digestion and ligation shows Coh-tev-L-Ub (pronounce as Cohesin-Tev-L-Ubiquitin) [1], the result protein mixture of TEV cleavage [2], pure GFP-TEV (pronounce as G-F-P-Tev) protease [3], and purified product GL-Ub (pronounce as G-L-Ubiquitin) [4]. 
5.3.1. Figure 3 – Video editor: emphasize Lanes 1.
5.3.2. Figure 3 – Video editor: emphasize Lanes 2.
5.3.3. Figure 3 – Video editor: emphasize Lanes 3.
5.3.4. Figure 3 – Video editor: emphasize Lanes 4.
5.4. The cleaved GL-Ub (pronounce as G-L-Ubiquitin) and Coh-tev-L-Ub-NGL (pronounce as Cohesin-Tev-L-Ubiquitin) ligation mixture with [1] or without OaAEP1 [2] and pure OaAEP1 are shown as well [3].
5.4.1. Figure 3 – Video editor: emphasize Lanes 5.
5.4.2. Figure 3 – Video editor: emphasize Lanes 6.
5.4.3. Figure 3 – Video editor: emphasize Lanes 7.



Section - Conclusion
6. [bookmark: OLE_LINK3]Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Shengchao Shi: It is critical to functionalize the surface with active sulfo-SMCC for successful peptide attachment [1]. 
6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. Video editor: B-roll suggestion: 2.6.1.
6.2. Peng Zheng: Here, we provide a new method to build polymerized protein. It facilitates researchers to study complex protein system using single-molecule force spectroscopy [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.3. Yibing Deng: Chromic acid is strongly corrosive and acidic, be careful when you prepare and handle with it [1].
6.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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