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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  
Can you record movies/images using your own microscope camera? (Y/N)__N.A._______  
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: _N.A.____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
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.) _____________5.1; 5.2; 5.3; 5.4______________________________
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.) _____N/A______________________
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _ Two separate rooms that are in very close vicinity (app. 10-15 meters from each other)._

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gary Whittaker: This method can help answer key questions in the biochemistry field, such as the proteolytic modification of proteins as well as the characterization of inhibitors of proteases and peptidases. 
1.2. Gary Whittaker: The main advantage of this technique is that it allows a rapid screening of the proteolytic activity of proteases on peptides representing a cleavage site motif of a given protein.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Monty Goldstein: Though this method can provide insight into the activation of viral fusion proteins, it can also be applied to study the efficacy of protease inhibitors. 
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

	N.A.


























Protocol: (read by voice talent at JoVE)

2. Designing and Preparing the Peptides

2.1. The first step in peptide design is to acquire the sequence of the fusion protein of interest from a public database such as NCBI or the virus pathogen database. [1-MED]

2.1.1. Talent at the computer opening up a public database and obtaining the sequence of the fusion protein of interest.

2.2. Choose the protease recognition site preceding the fusion peptide [1-LM] and include 2 to 3 amino acids upstream [2-LM] and downstream of this sequence. [3-LM] When ordering the peptide, modify it with the fluorescence resonance energy transfer or FRET pair, MCA at the N-terminus [4-LM] and DNP at the C-terminus. [5-LM] 

2.2.1. 58892_Fluorogenic peptide cleavage assay.tiff.  Show only AASRSRRSAA of the top cartoon, emphasize the bold RSRR (recognition site) 
2.2.2. 58892_Fluorogenic peptide cleavage assay.tiff. Emphasize “AAS”
2.2.3. 58892_Fluorogenic peptide cleavage assay.tiff. Emphasize “SAA”
2.2.4. 58892_Fluorogenic peptide cleavage assay.tiff. Add the brown Mca ‘star’
2.2.5. 58892_Fluorogenic peptide cleavage assay.tiff. Add the blue Dnp square

2.3. During the assay, MCA is excited and emits light energy that is quenched by DNP as long as the pair is in close vicinity to each other. [1-LM] However, if cleavage occurs, DNP will not be able to quench the emission, [2-LM] which can then be read by the fluorescence plate reader. [3-LM]

2.3.1. 58892_Fluorogenic peptide cleavage assay.tiff. Add the ‘Intramolecular fluorescence quenching’ info above the peptide.
2.3.2. 58892_Fluorogenic peptide cleavage assay.tiff. Add the rest of the cartoon (Protease and the resulting cleavage of the peptide)
2.3.3. 58892_Fluorogenic peptide cleavage assay.tiff. Emphasize the bright red Mca star.
 
2.4. Resuspend the peptide according to the manufacturer’s recommendations by gently pipetting up and down; for example resuspend in 70% ethanol to a final concentration of 1 mM. [1-MED] 

2.4.1. Talent pipetting 70% ethanol into a tube of peptide and gently pipetting up and down.

2.5. If the peptide does not resuspend very well by pipetting, place the tube containing the peptide and the solvent into a sonication bath until it is fully resuspended. [1-MED]  

2.5.1. Talent putting the tube in a sonication bath.

2.6. Dispense 100-µL aliquots of the peptide into light dampening or resistant tubes to protect the peptide from bleaching. [1-CU] 

2.6.1. *film as written.

2.7. Store the aliquots at -20 °C. [1-MED]

2.7.1. Talent putting all the tubes into the freezer.

3. Preparing the Fluorescence Plate Reader

3.1. Begin this procedure by turning on the plate reader and waiting until the self-test is finished. [1-WIDE/MED]

3.1.1. Talent approaching the plate reader, turning it on, and letting the self-test finish.

3.2. Next, open the operating software on the attached computer and make sure it is connected with the plate reader. [1-MED]

3.2.1. *film as written.

3.3. Open the temperature setting and set it to the required temperature for optimal performance for the protease, which is 30 °C in this case. [1-SCREEN]

3.3.1. Screen capture of temperature setting being opened and temperature set to 30 °C.

3.4. To set up the experiment, click on “Control Instrument Setup.” Choose ‘Kinetic’ and then select ‘Fluorescence.’ Enter an Excitation wavelength of 330 nm and an Emission wavelength of 390 nm. [1-SCREEN]

3.4.1. Screen capture of Control Instrument Setup being clicked, ‘Kinetic’ and ‘Fluorescence’ selected, 330 nm entered for Excitation and 390 nm entered for Emission. Author note: File named “Screenshot 3_4_1”

3.5. Unselect the ‘Auto Cut-off’ and select Medium, normal sensitivity. Choose a runtime of 1 hour for the assay and select one measurement every 60 seconds. Set 5 seconds of mixing before the first measurement and 3 seconds before each measurement. [1-SCREEN]

3.5.1. Screen capture of ‘Auto Cut-off’ being unselected, Medium, normal sensitivity selected, followed by 1 hour runtime and one measurement every 60 s. Then 5 s and 3 s selected as described in the narration. Author comment 1: “Auto Cut-off” is in the same setting as the excitation/emission and therefore included in “Screenshot 3_4_1”. “Select medium, normal sensitivity” should just be “select medium sensitivity” and the Screenshot for this setting was named “Screenshot 3_4_2”
Author comment 2: Two different screenshots in the settings. File “Screenshot 3_5_1” shows the runtime setting, “Screenshot 3_5_2” shows the 5 s/3 s mixing setting.

3.6. Lastly, select the wells to read. [1-SCREEN]

3.6.1. Screen capture of wells being selected.

4. Preparing the Assay

4.1. Prepare the appropriate assay buffers for the proteases as described in the text protocol and chill the buffers on ice. [1-MED] 

4.1.1. Talent putting a tube with furin assay buffer and a tube with PBS (for trypsin) on ice.

4.2. Place a solid black polystyrene non-treated flat bottom 96-well plate on ice with a thin metal plate underneath to support cooling and stability. [1-CU]

4.2.1. *film as written.

4.3. Monty Goldstein: “It is essential to use a black plate as the assay plate to prevent fluorescent “leakage” from adjacent wells.” [1-INTERVIEW]

4.3.1. Author speaking to camera.

4.4. Per peptide prepare 3 technical replicates per assay in a total volume of 100 µL per sample. [1-MED] 

4.4.1. Talent setting out the two peptides for the experiment next to the black plate.

4.5. Pipette the appropriate amount of assay buffer into each well of the assay plate. [1-MED]

4.5.1. Talent pipetting 94.5 µL of assay buffer into each well.

4.6. Add 0.5 µL of protease to each well. [1-CU-TXT] To 6 wells add 0.5 µL buffer instead of the respective protease. 3 of these will be blank controls and the other 3 will be peptide controls. [2-CU]

4.6.1. *film as written.  TEXT: 1 unit per reaction for furin; 0.5 µL of 160 nM TPCK for trypsin
4.6.2. 0.5 µL buffer being pipetted to each of 6 wells.

4.7. Add 5 µL of the peptide to a final concentration of 50 µM to each well except the blank controls. [1-CU] To each of the 3 blank control wells, add 5 µL of buffer instead of peptide. [2-CU]

4.7.1. *film as written.
4.7.2. *film as written.

4.8. Insert the plate into the fluorescence plate reader and click start. [1-MED]

4.8.1. *film as written.

5. Data Analysis

5.1. Prior to starting the data analysis, save the experiment file. [1-MED] Click on Export and export the file as a .txt. Import the .txt file into a spreadsheet. [2-SCREEN]

5.1.1. Talent at the computer saving the experiment file.
5.1.2. Screen capture of file being exported as a .txt and then imported into a spreadsheet.
5.3. Select the data range where the graph is in a linear range and the closest to the start of the fluorescence increase. Plot the selected data on a second graph and add a linear trendline. [1-SCREEN]

5.3.1. Moved shot: Screen capture as described. Author comment: Scott Zimmer had made a change in his notes that he sent a couple of days where he changed switched 5.2 and 5.3 but it turned out that it was a misunderstanding between him and the grad students who were present at the time. Please ignore that change and keep everything in the order as in the original video script.

5.2. Start the analysis by creating a graph plotting the relative fluorescent units on the y-axis against the time on the x-axis for each technical replicate per sample. [1-SCREEN] 

5.2.1. Screen capture of graph being plotted as described for one technical replicate of a sample.

5.3. Select the data range where the graph is in a linear range and the closest to the start of the fluorescence increase. Plot the selected data on a second graph and add a linear trendline. [1-SCREEN]

5.3.1. Screen capture as described.

5.4. In the trendline options select Display equation on chart. The equation will show the Vmax. Calculate the average Vmax for each sample from the 3 technical replicates. [1-SCREEN]

5.4.1. Screen capture of Display equation being selected, Vmax being shown and average Vmax being calculated.

5.5. After repeating the experiment twice more to obtain 3 biological replicates, calculate the standard deviation based on the data from the 3 independent biological replicates. [1-MED]

5.5.1. General footage of talent at computer calculating the standard deviation from the 3 independent biological replicates.

6. Results: mutations in the cleavage site alter activity of furin and cleavage efficiency

6.1. A furin cleavage assay of human MERS-CoV EMC/2012 S2’ (Voiceover: “mers coronavirus E M C two-zero-one-two S 2 prime”) site and camel-derived double mutant strain HKU205, (Voiceover: “H K U two-zero-five”) along with single mutant variants of EMC/2012 (Voiceover: “E M C two-zero-one-two”) [1-LM] revealed that the EMC/2012 peptide was efficiently cleaved, [2-LM] while almost no cleavage of the S2’ peptide of HKU205 occurred. [3-LM] Cleavage of the EMC/2012 mutA-S S2’ (Voiceover: “E M C two-zero-one-two A to S mutated S 2 prime”) peptide was strongly reduced [4-LM] and there was almost no cleavage of the EMC/2012 mutS-I S2’ (Voiceover: “E M C two-zero-one-two S to I mutated S 2 prime”) peptide. [5-LM]

6.1.1. show panel A of 58892fig1large.jpg.  
6.1.2. panel A of 58892fig1large.jpg. Emphasize the blue bar.
6.1.3. panel A of 58892fig1large.jpg. Emphasize the red bar.
6.1.4. panel A of 58892fig1large.jpg. Emphasize the purple bar.
6.1.5. panel A of 58892fig1large.jpg. Emphasize the pink bar.

6.2. Another furin cleavage assay [1-LM] showed only minimal cleavage of the camel-derived Mor213 S2’ (Voiceover: “Morocco two-one-three S 2 prime”) site [2-LM] compared to the human MERS-CoV EMC/2012 S2’ (Voiceover: “mers coronavirus E M C two-zero-one-two S 2 prime”) site. [3-LM]

6.2.1. show panel B of 58892fig1large.jpg.
6.2.2. panel B of 58892fig1large.jpg. Emphasize the blue bar.
6.2.3. panel B of 58892fig1large.jpg. Emphasize the red bar.

6.3. Furin cleavage was observed [1-LM] for the prototypical S1/S2 peptide FECV I And-4 S1/S2 (Voiceover: “F E C V one And 4 S1 S2”) [2-LM] but not in the mutated S1/S2 peptide FIPV I Black S1/S2. (Voiceover: “F I P V one Black S1 S2”) [3-LM]

6.3.1. show panel A of 58892fig2large.jpg.
6.3.2. panel A of 58892fig2large.jpg. Emphasize the blue bar.
6.3.3. panel A of 58892fig2large.jpg. Emphasize the almost non visible bar.

6.4. Similarly, furin was able to cleave the prototypical S2’ peptide FECV II 1683 S2’, (Voiceover: F E C V two one-six-eight-three S2 prime”) [1-LM] but not the mutated S2’ peptides FECV I And-4 S2’, (Voiceover: “F E C V one And 4 S2 prime”)  [2-LM] FIPV I Black S2’ [3-LM] and FIPV II 1146 S2’. (Voiceover: “F I P V two one-one-four-six S2 prime”) [4-LM]

6.4.1. panel B of 58892fig2large.jpg. Emphasize the pink bar.
6.4.2. panel B of 58892fig2large.jpg. Emphasize the first bar from the left.
6.4.3. panel B of 58892fig2large.jpg. Emphasize the second bar from the left.
6.4.4. panel B of 58892fig2large.jpg. Emphasize the fourth bar from the left.


7. Conclusion (said by authors on camera)
7.1. Monty Goldstein: While attempting this procedure, it’s important to remember to keep all enzymes, peptides and buffers chilled, and to carry out all pipetting on ice. (steps 4.1 and 4.5)
7.2. Monty Goldstein: Following this procedure, western blot analysis or immunofluorescence assays using the full length protein of interest can be performed to verify protein cleavage or, in this particular case, if cleavage results in a fusogenic version of the viral fusion protein.
   



Provided Media

2.2 – 2.3. 58892_Fluorogenic peptide cleavage assay.tiff.
Screen capture files for Sections 3 and 5 (to be provided by author)
6.1-6.2. 58892fig1large.jpg.  
6.3-6.4. 58892fig2large.jpg.


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 in the email accompanying the finalized script.
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