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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.)
Sonication of the bacterial pellet (Step 3.3)
Elute protein from the GST beads (Step 3.7)
Change to the sortase buffer (Step 3.12)
Sortase reaction (Step 3.13) 

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.) 
The labeling efficiency of the acceptor protein (Cand1) is critical for the assay. Step 4.2-4.3 are the optimized conditions. 

5. Will the filming need to take place in multiple locations? (Y/N) Yes. 
If yes, how far apart are the locations? All are in the same building. 


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

1. REQUIRED Interview Statements: (Said by you on camera)   

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Melaku Garsamo: Our method helps study the kinetics of a protein complex. It describes how tight the protein complex is, and if the protein complex formation is interfered by other proteins. 

What is the main advantage of this technique?

1.1. Melaku Garsamo: This technique enables studying protein-protein interactions in a quantitative way. Using fluorescence as a reporter, our assay can monitor the association and dissociation of a protein complex in real time.
 





Section - Protocol
2. [bookmark: _Hlk532463379]Designing the FRET Assay
2.1. To begin, design the FRET assay starting with data for the Cul1/Cand1 complex from the protein data base. [1]
2.1.1. MED Over the Shoulder: Talent accesses data from the database
2.2. Load the structure in PyMOL and then go to the Wizard menu and use the Measurement function to estimate the distance between the first amino acid of Cand1 and the last amino acid of Cul1. [1]
2.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page.
2.3. Then, load the online spectra viewer and view the excitation and emission spectra of 7-amino-4-methylcoumarin and FlAsH (pronounced: flash) simultaneously. AMC is the FRET donor and FlAsH is the FRET acceptor. [1]
2.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
3. Preparation of Cul1AMC•Rbx1, the FRET Donor Protein
3.1. Prepare cells with the FRET donor protein by following along in the accompanying text protocol. [1]
3.1.1. MED: Talent pulls bacterial culture from incubator
3.2. Then, purify the Cul1sortase•Rbx1 (pronounced: Cull-1-Sortase,R-B-X-1) complex by first adding 50 milliliters of lysis buffer to a pellet of E. coli cells expressing the Cul1sortase•Rbx1 complex. [1-TXT] 
3.2.1. CU: Talent adds lysis buffer to E. coli cells TEXT: Lysis Buffer: 30 mM Tris-HCl, 200 mM NaCl, 5 mM DTT, 10% glycerol, 1 tablet PI cocktail, pH 7.6) (TEXT: Repeat 2-3 times
3.3. Lyse the cells on ice with sonication at 50% amplitude. Alternate the power for 3 minutes so that it is 1-second ON and then 1-second OFF to prevent overheating the sample. [1]
3.3.1. MED: Talent places sonicator into the sample and turns on and off the power as described.
3.4. Transfer the resulting cell lysate into a 50 milliliter centrifugation tube and remove the cell debris by centrifugation at 25,000 x g for 45 minutes. [1]Then, add the supernatant to 5 milliliters of glutathione beads [2] and incubate them at 4 degrees Celsius to clear the cell lysate. [3-TXT]
3.4.1. MED: Talent places 50 mL tube into centrifuge and begins spin.
3.4.2. CU: Talent adds beads to the sample 
3.4.3. MED: Talent places sample at 4 degrees Celsius TEXT: Incubate for 2 hours at 4°C
3.5. Following incubation, centrifuge the beads-lysate mixture at 1,500 x g for 2 minutes at 4 degrees Celsius. [1] Then, remove the supernatant. [2]
3.5.1. MED: Talent removes sample from the centrifuge TEXT: Centrifuge: 1,500 x g, 2 min, 4°C
3.5.2. ECU: Talent removes the supernatant. 
3.6. Next, wash the beads with 5 mL of lysis buffer, having no protease inhibitor. [1] After centrifuging the solution, remove the supernatant. [2-TXT]
3.6.1. CU: Talent adds buffer to the beads
3.6.2. CU: Talent removes the supernatant from centrifuged sample TEXT: Centrifuge: 1,500 x g, 2 min, 4°C; Repeat the wash 2x
3.7. Now, add 3 mL of lysis buffer to the washed beads and transfer the bead slurry into an empty column. [1] To the new column, also add 5 milliliters of elution buffer and then incubate the column for 10 minutes and collect the eluate. [2-TXT]
3.7.1. CU: Talent adds lysis buffer and then transfers solution to an empty column
3.7.2. CU: Talent adds elution buffer to the column. TEXT: Elution Buffer: 50 mM Tris-HCl, 200 mM NaCl, 10 mM reduced glutathione, pH 8.0; Repeat elution 3-4 x
3.8. Next, add 200 microliters of thrombin at 5 milligram per milliliter to the eluate from the glutathione beads. [1] Following an overnight incubation at 4 degrees Celsius, dilute the protein sample threefold with Buffer A. [2-TXT]
3.8.1. CU: Talent adds thrombin to eluate
3.8.2. CU: Talent dilutes the sample with Buffer A TEXT: Buffer A: 25 mM HEPES, 1 mM DTT, 5% glycerol, pH 6.5
3.9. Load the protein sample to a buffer A equilibrated cation exchange chromatography column at 0.5 milliliters per minute. [1] Then, add a gradient of 0 to 50% of Buffer B in Buffer A to elute the protein with a flow rate of 1 milliliter per minute. [2-TXT]
3.9.1. MED: Talent loads protein into the column as described
3.9.2. MED: Talent adds buffer to the column TEXT: Buffer B: 25 mM HEPES, 1 M NaCl, 1 mM DTT, 5% glycerol, pH 6.5
3.10. Next, pool the eluate fractions containing the FRET donor protein [1] and concentrate it down to 2.5 milliliters using an ultrafiltration membrane with a 30 kilodalton cutoff. [2]
3.10.1. CU: Talent pools the fractions
3.10.2. CU: Talent transfers the proteins to a 30 kDa membrane
3.11. Now, add 7-amino-4-methylcoumarin to the C-terminus of Cul1 through sortase-mediated transpeptidation by first changing the buffer in the FRET donor protein sample into the sortase buffer using a desalting column. [1-TXT]
3.11.1. MED: Talent prepares the items for buffer transfer TEXT: Sortase Buffer: 50 mM Tris-HCl, 150 mM NaCl, 10 mM CaCl2, pH 7.5
3.12. To accomplish this, first equilibrate a desalting column with 25 milliliters of sortase buffer. [1] Then, load 2.5 milliliters of the FRET donor protein solution into the column and discard the flow-through. [2] Next, elute the sample with 3.5 milliliters of sortase buffer and collect the flow-through. [3]
3.12.1. CU: Talent equilibrates the desalting column
3.12.2. CU: talent adds sample to the column
3.12.3. CU: Talent adds Sortase buffer to the column
3.13. In 900 microliters of the eluate, add 100 microliters of 600 µM purified sortase A solution and 10 microliters of a 25 millimolar G-G-G-G-AMC peptide. Incubate the reaction mixture at 30 degrees Celsius in the dark overnight to generate Cul1AMC•Rbx1(pronounced: Cull-1-A-M-C,R-B-X-1). [1]
3.13.1. CU: Talent adds items as described to the eluate and then places the sample at 30 degrees Celsius in the dark.
3.14. Now, load all of the sample onto the size exclusion chromatography column and elute it with 1.5 times the column volume of buffer. [1] In the end, pool the eluate fractions containing Cul1AMC•Rbx1. [2]
3.14.1. MED: Talent adds sample to the column
3.14.2. CU: Talent pools the fractions
4. Preparation of FlAsHCand1, the FRET Acceptor Protein
4.1. Follow along in the text protocol to prepare the FRET acceptor protein.  Many of the steps are similar to the FRET donor protein preparation. Once finished, prepare the Flash Cand-1 solution. [1]
4.1.1. MED: Talent sets out items used in the next 2 steps on the bench/hood.
4.2. First, add 1 microliter of the FlAsH solution to 50 microliters of the freshly prepared Tetra-Cys-Cand-1 solution.  [1]
4.2.1. CU: Talent adds flash solution to the sample
4.3. Mix the combined solution well and incubate the mixture at room temperature in the dark for 1 to 2 hours to form the Flash C-and-1 solution. [1]
4.3.1. CU: Talent mixes the solution and covers it.
5. Testing and Confirmation of the FRET Assay
5.1. In 300 µL of FRET buffer, add Cul1AMC•Rbx1 to a final concentration of 70 nM and transfer the solution into a cuvette. [1-TXT]
5.1.1. CU: Talent preforms the above step in the order listed. TEXT: FRET Buffer: 30 mM Tris-HCl, 100 mM NaCl, 0.5 mM DTT, 1 mg/mL ovalbumin, pH 7.6
5.2. Place the cuvette in the sample holder of a fluorimeter.[1] Excite the sample with 350 nanometer excitation light and scan the emission signals from 400 to 600 nanometers at 1 nanometer increments. [2]
5.2.1. CU: Talent places cuvette in the sample holder
5.2.2. MED Over the Shoulder: Talent runs the scan as described
5.3. Then, in 300 microliters of FRET buffer, add both Cul1AMC•Rbx1 and FlAsHCand1 to a final concentration of 70 nanoMolar. [1] Excite the sample with 350 nanometer excitation light and scan the emission signals from 400 to 600 nanometers at 1 nanometer increments. [2]
5.3.1. CU: Talent adds proteins to the buffer
5.3.2. MED: Talent places sample into the sample holder and begins scan
6. Measuring the Association Rate Constant 
6.1. Set the excitation light at 350 nanometers and use a band-pass filter that allows 450 nanometer emission light to pass and blocks 500-650 nanometer emission light. [1]
6.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6.2. With the sample valves at the FILL position, connect a 3 mL syringe filled with water. [1] Then, wash the two sample syringes with water by moving the sample syringe drive up and down several times, discarding the water when finished. [2]
6.2.1. MED: Talent connects a syringe filled with water to the valve as described
6.2.2. CU: talent moves the syringe drive up and down several times
6.3. Next, connect a 3 mL syringe filled with FRET buffer. [1] Wash the two sample syringes with the FRET buffer by moving the sample syringe drive up and down several times, discarding the water when finished.  [2]
6.3.1. MED: Talent connects a syringe filled with buffer to the valve as described
6.3.2. CU: talent moves the syringe drive up and down several times
6.4. Now, connect a 3 mL syringe and load the first sample syringe, Syringe A, with 100 nanoMolar Cul1AMC•Rbx1 in the FRET buffer. [1] Then, turn the sample valve to the DRIVE position. [2]
6.4.1. CU: Talent connects and loads a syringe as described
6.4.2. CU: Talent turns the valve to “Drive”
6.5. Also, connect a 3 mL syringe, Syringe B, loaded with 100 nanoMolar of FlAsHCand1 in the FRET buffer and turn its valve to the DRIVE position. [1]
6.5.1. CU: Talent preforms the above step in the order listed
6.6. Open the Control Panel under Acquire in the software, and record the emission of Cul1AMC over the course of 60 seconds. Then, take a single shot.  Fit the decrease in fluorescent signals measured over time from each shot to a single exponential curve.   [1]
6.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
7. Measuring the Dissociation Rate Constant of Cul1•Cand1 in the Presence of Skp1•F-box Protein 
7.1. Wash the system as previously shown and then add a solution of 100 nM Cul1AMC•Rbx1 and 100 nM FlAsHCand1 in the FRET buffer into Syringe A. [1] Connect it to the system while it is in the FILL position and then turn the sample valve to the “DRIVE” position. [2]
7.1.1. CU: Talent adds solution to Syringe A
7.1.2. CU: Talent connects syringe to the system and turns the valve to drive
7.2. Next, load a solution of Skp1•Skp2 into Syringe B. [1] Connect it to the system while it is in the FILL position and then turn the sample valve to the “DRIVE” position. [2]
7.2.1. CU: Talent loads Syringe B
7.2.2. CU: Talent connects Syringe B as described and turns to the “Drive” position
7.3. In the software, go to Acquire and open the Control Panel.  Set up the program to record the emission of Cul1AMC over 30 seconds. Then take a single shot. The fluorescent signals increase over time after mixing solutions from Syringe A and Syringe B. [1]
7.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 


Section – Results
8. Results: Dynamics Of Protein Complexes  
8.1. When 70 nM each of Cul1AMC and FlAsHCand1 were mixed to generate FRET, two emission peaks were present in the emission spectra, and the peak of Cul1AMC became lower and the peak of FlAsHCand1 became higher.[1]
8.1.1. LABMEDIA: Figure 3A Video Editor: Highlight the red line 
8.2. When the full-length Cand1 was used for FRET, the donor peak showed a 10% reduction in intensity.[1]
8.2.1. LABMEDIA: Figure 3A Video Editor: Highlight the black and red lines 
8.3. However, when Cand1 with its first helix truncated was used, the reduction of donor peak intensity was increased to 30%, suggesting higher FRET efficiency. [1]
8.3.1. LABMEDIA: Figure 3C Video Editor: Highlight the black and red lines
8.4. To confirm that the signal changes were resulted from FRET between Cul1AMC and FlAsHCand1, the donor FRET was mixed with excess unlabeled Cand1, known as the chase, and the acceptor. As a result, the donor peak was fully restored and the acceptor peak was decreased.[1]
8.4.1. LABMEDIA: Figure 3C Video Editor: Highlight the green and red lines
8.5. Shown here is a plot of the average observed k-value with the Cand1 concentration following linear regression analysis. To measure the “on” constant of the complex, 50 nM Cul1AMC was used, and a series of observed association rate constants were measured by mixing 50 nM Cul1AMC with increasing concentrations of FlAsHCand1. [1]
8.5.1. LABMEDIA: Figure 4D Video Editor: Highlight the y-axis label with the first sentence. Highlight the Kon equation with the first half of the 2nd sentence. Highlight the x-axis label with the words “with increasing concentrations of FlAsHCand1”.  
8.6. Similar to the measurement of the “on” constant, the observed dissociation rate constant of Cul1 and Cand1 was found by monitoring the restoration of the donor signal over time on the stopped-flow fluorimeter.  Here, the donor signal increased quickly and it revealed an observed k value of 0.4 per second. [1]
8.6.1. LABMEDIA: Figure 5 Video Editor: Highlight the red line with the 2nd sentence
8.7. In contrast, when buffer was added to the preassembled complex, no signal increase was observed, suggesting the fast dissociation of Cul1•Cand1 was triggered by Skp1•Skp2 (pronounced: skip one skip two).[1]
8.7.1. LABMEDIA: Figure 5 Video Editor: Highlight the black line




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


What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
9.1. Melaku Garsamo:   Make sure to minimize the amount of light the donor and acceptor proteins are exposed to. Try to keep the fluorophores in the dark as much as possible (Step: 3.13, 4.3).    
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