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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 SC all uploaded
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. 
Step 4.4 “Seal the plate and leave it overnight to completely cut the substrate”.  The numbers that are obtained from the 2nd plate read are necessary for the calculations, this step can not be skipped. 
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. 
Section 4 – The calculations are the only difficult part of this protocol.
5. Will the filming need to take place in multiple locations? N
Our lab has 3 separate rooms all in the same hallway in the basement. The conference room for the interview portion is upstairs on the 2nd floor. 


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. Pat Legler: We’ve shown that Group IV viral genomes encode short stretches of host protein sequences. These sequences can be found within the viral protease cleavage sites. They are being used for the targeted destruction of host proteins, typically proteins involved in generating the innate immune responses.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Pat Legler: The major advantage of using protease assays is that it removes the complexity of a cell and shows whether or not a viral protease can cleave a sequence. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

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


1.3. Pat Legler: When we analyzed Zika SSHHP sequences we found that the protease could cut sequences in proteins involved in generating immune responses, and that some of these proteins also had roles in brain and eye development.  

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.4. Pat Legler: When performing this technique for the first time, one should remember that if cleavage is not observed it may be due to a variety of factors such as the activity of the protease. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.5. Pat Legler: Demonstrating the procedure will be Jaimee Compton, a technician from my laboratory. 

1.5.1. INTERVIEW: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.




Section - Protocol
2. Identification of SSHHPS in the Host Genome Using BLAST
2.1. Start by opening Protein BLAST [1]. Input the 20 amino acids surrounding the scissile bond in the viral polyprotein [2] and select ‘non-redundant protein sequences’ [3]. Then, type in the host genome to be searched [4]. 
2.1.1. WIDE: Establishing shot of talent at the computer opening Protein BLAST.
2.1.2. SCREEN: 60421_screenshot1.mp4 0:03 – 0:06
2.1.3. SCREEN: 60421_screenshot1.mp4 0:06 – 0:09. Video Editor: Emphasize the ‘Database’ entry.
2.1.4. SCREEN: 60421_screenshot1.mp4 0:10 – 0:12
2.2. If needed, select PHI-BLAST and type in a pattern sequence, where square brackets indicate that either amino acid within the brackets can be at the substitute position [1]. Then, hit ‘BLAST’ [2]. 
2.2.1. SCREEN: 60421_screenshot1.mp4 0:12 – 0:14
2.2.2. SCREEN: 60421_screenshot1.mp4 0:14 – 0:16
2.3. Rank order the BLAST hits based on the number of consecutive identical or tolerated residues that match a cleavage site sequence. From the list, select the proteins containing 6 or more identical or similar residues for analysis in the protease assays [1].  
2.3.1. SCREEN: 60421_screenshot1.mp4 0:40 – 1:00

3. Design and Preparation of Protease Substrates 
3.1. Construct a plasmid encoding the cyan fluorescent protein, up to 25 amino acids of the cleavage sequence, and the yellow fluorescent protein [1]. 
3.1.1. Talent at the computer designing the plasmid. 
3.2. Next, prepare the CFP and YFP substrates by inoculating four 4-liter flasks with 25 milliliters of an overnight culture [1]. Shake the cultures at 37 °C [2] and monitor growth hourly by UV-vis spectroscopy at 600 nanometers [3]. 
3.2.1. Talent inoculating flasks. 
3.2.2. Flasks in the shaker-incubator. 
3.2.3. Talent measuring absorbance of cultures. 
3.3. When the bacteria reach an absorbance of about 1, induce protein expression by adding 0.5 milliliters of 1 Molar IPTG to each flask [1-TXT]. Then, lower the temperature of the shaking incubator to 17 °C and allow the expression to continue overnight for 17 to 20 hours [2]. 
3.3.1. Talent adding IPTG to a flask. TEXT: After ~ 3 – 4 hours 
3.3.2. Talent lowering the temperature on the incubator. 
3.4. On the next day, pellet the bacteria by centrifugation at 7,000 x g for 10 minutes at 4 °C [1]. Remove and discard the liquid media [2], then store the pellets at -80 °C or proceed with cell lysis [3]. 
3.4.1. Talent putting the cultures in the centrifuge, closing the lid, and starting it. 
3.4.2. Talent removing the media. 
3.4.3. Talent putting pellets in the freezer. 

3.5. To lyse the cells, prepare 100 milliliters of lysis buffer according to manuscript directions [1], resuspend the pellets in the buffer [2], and transfer 25 to 35 milliliters of the suspension to 50-milliliter disposable conical tubes [3].

3.5.1. Talent preparing lysis buffer. 
3.5.2. Talent resuspending pellet. 
3.5.3. Talent transferring lysate from Falcon Tubes to Corning Tubes for sonication.

3.6. Place the tubes in a plastic beaker with ice water [1]. Then, insert the sonicator tip into the tube so that the tip is about 1 centimeter from the bottom of the tube [2] and sonicate the lysate 10 to 20 times until it becomes fluid and liquified [3-TXT].

3.6.1. Talent placing the tubes in the beaker with ice water. 
3.6.2. Talent inserting the sonicator tip into the tube, demonstrating how far it should be inserted. 
3.6.3. Talent sonicating the lysate and demonstrating what it should look like after sonication. TEXT: Level 5 ;  15 second intervals

3.7. After sonication, transfer the lysate to high-speed centrifuge tubes [1] and centrifuge it at 20,500 x g for 30 minutes at 4 °C [2]. Transfer the supernatant to a clean bottle [3] and discard the pellets [4]. 

3.7.1. Talent transferring lysate to centrifuge tubes. 
3.7.2. Talent putting the tubes in the centrifuge, closing the lid, and starting it. 
3.7.3. Talent transferring supernatant into a clean bottle. 
3.7.4. Author comment: We did not shoot this because we didn’t want to throw away our reusable centrifuge tubes.

3.8. Load the lysate onto the nickel column [1-TXT], then wash the column with 2 column volumes of Buffer A followed by 5 column volumes of 20% Buffer B [2]. Absorbance at 280 nanometers will increase during the wash as contaminants elute from the column [3]. Continue washing until A280 returns to baseline values [4]. 

3.8.1. Talent loading lysate onto the nickel column. TEXT: Flow Rate: 2 – 5 mL/minute
3.8.2. Talent adding Buffer A or B to column. 
3.8.3. A280 readout that is higher than baseline. 
3.8.4. Talent continuing to wash the column.

3.9. Then, elute the protein with 2 to 3 column volumes of 100% Buffer B and collect 10 milliliter fractions [1], making sure to measure the A280 of each fraction [2]. 

3.9.1. Talent collecting the fractions. 
3.9.2. Talent measuring A280 of a fraction. 
 
4. Continuous and Discontinuous Enzyme Assays
4.1.  [1]. Prepare 8 reaction mixes according to manuscript directions [2] and pipette 45 microliters of each mix into the first 3 wells of each row of a black half-area 96-well plate [3]. 
4.1.1. Author comment: We didn’t film preparation of a “stock” of substrate. The A280 was already ~9. TEXT: A280 ~ 9
4.1.2. Talent diluting the stock, with the 8 reaction tubes clearly labeled and in the shot. 
4.1.3. Talent pipetting the first reaction mix into the first row. 
4.2. Set up the plate reader for simultaneous detection of fluorescence at 2 wavelengths with a fixed photomultiplier tube setting [1-TXT]. [2]. Program the read time to 20-30 minutes with 1 read per minute and select the wells to be read. Insert the plate into the machine and start the read, monitoring the emission ratios over time [3].
4.2.1. Talent programming the plate reader. TEXT: Wavelength 1: Ex = 434 nm Em = 527 nm ; Wavelength 2: Ex = 434 nm Em = 470 nm
4.2.2. Talent setting up the read. Videographer: Film the screen as talent performs this step. 
4.2.3. Talent inserting the plate into the plate reader and starting the read. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 4.3.1. 
4.3. Run an endpoint read of the plate containing the uncut substrate [1]. . Remove the plate and pipet 5 microliters of enzyme into each well [2] one can save the first column as an uncut control. Then read the plate again for 20-30 minutes, making sure to set the plate reader to output absolute values [3].
4.3.1. Use 4.2.3. 
4.3.2. Talent pipetting enzyme into a few wells.
4.3.3. Talent starting the read, then setting the plate reader to output absolute values. Videographer: Film the screen as talent performs this step.

4.4. Once the read is complete, seal the plate with film to prevent evaporation [1] and leave it overnight at room temperature to allow the enzyme to completely cut the substrate [2]. After 24 hours, remove the film and perform an endpoint read of the plate [3]. Average the emission ratios and record them as “cut” [4]. Videographer: This step is important!

4.4.1. Talent sealing the plate. 
4.4.2. Plate on the lab bench. 
4.4.3. Talent removing film and inserting the plate into the plate reader. 
4.4.4. Talent inputting emission values into Excel for further data processing.  Author comment: We filmed copy and pasting this into Excel, but didn’t average the ratios on camera. After we realized that the first column was just uncut, we re-filmed it. Please use the 2nd shot.

4.5. Confirm the cleavage of the substrate using SDS-PAGE (pronounce ‘S-D-S-page’) [1]. Load a molecular weight marker into the first or last lane [3], and load 5 microliters of each reaction mixture into a lane of the gel, starting with the “uncut” reaction [2].  

4.5.1. SDS-PAGE setup. 
4.5.2. Talent loading marker into gel. 
4.5.3. Talent loading samples into gel

4.6. Attach the electrodes of the gel tank to the power supply [1] and run the products at 110 Volts for 60 minutes [2]. Remove the gel from the cassette using a cracking tool [3] and submerge it in 5 to 10 milliliters of staining solution [4]. 

4.6.1. Talent attaching the electrodes. 
4.6.2. Talent programming the power supply and starting the run. 
4.6.3. Talent removing gel from the cassette. 
4.6.4. Talent submerging the gel in staining solution.

4.7. After 1 to 24 hours, remove the excess stain [1] and submerge the gel in water [2]. Then, take a picture of the gel using a gel imager [3]. 

4.7.1. Talent removing excess stain. 
4.7.2. Talent submerging the gel in water. 
4.7.3. Talent using the gel imager.

5. Docking Substrate Peptides to the VEEV-nsP2 Cysteine Protease

5.1. To prepare the protein structure, load the protein PDB file into MOE [1]. Click ‘Select’ and ‘Solvent’, then delete the solvent [2]. Open the ‘Structure Preparation’ panel from the ‘Compute’ top menu bar and automatically correct all structural items by clicking on ‘Correct’ [3]. 

5.1.1. SCREEN: part1-prepare-protein_REDO.mp4. 0:01 – 0:09  
5.1.2. SCREEN: part1-prepare-protein_REDO.mp4. 0:09 – 0:21
5.1.3. SCREEN: part1-prepare-protein_REDO.mp4. 0:23 – 0:28

5.2. Protonate the structure by clicking ‘Protonate3D’ [1]. Add partial charges to the protein by opening the ‘Partial Charges’ panel and selecting ‘Amber99’ and ‘Adjust hydrogens and lone pairs as required’ [2]. Then, save the structure file [3]. 

5.2.1. SCREEN: part1-prepare-protein_REDO.mp4. 0:28 – 0:44
5.2.2. SCREEN: part1-prepare-protein_REDO.mp4. 0:44 – 0:55
5.2.3. SCREEN: part1-prepare-protein_REDO.mp4. 0:56 – 1:12

5.3. To build the structure for the substrate peptides and TRIM14 (pronounce ‘trim-14), open the ‘Protein Builder’ panel, enter the substrate sequence, and select ‘Auto Repack’. Next, set ‘Geometry’ as ‘Extended’ and click on ‘Build’ [1]. Finally, minimize the structure and save it as a PDB file [2]. 

5.3.1. SCREEN: part2-prepare-peptide.mp4. 0:01 – 0:25
5.3.2. SCREEN: part2-prepare-peptide.mp4. 0:32 – 0:53

5.4. Dock the substrate peptides to VEEV-nsP2 using PyRx/AutoDock 4.2 software. Load the protein, right click the name and select ‘Make macromolecule’ to prepare the pdbqt docking file [1]. Then, load the substrate molecule and select ‘Make Ligand’ to prepare the ligand docking file [2]. Authors: How do you pronounce pdbqt? How do you pronounce VEEV-nsP2 and PyRx?

5.4.1. SCREEN: part3-docking.mp4. 0:02 – 0:17
5.4.2. SCREEN: part3-docking.mp4. 0:17 – 0:28

5.5. Start the ‘AutoDock Wizard’ on the docking panel at the bottom and select the prepared ligand and protein files. Define the protein binding pocket by manually adjusting the grid dimension, then run ‘AutoGrid’ [1].

5.5.1. SCREEN: part3-docking.mp4. 0:50 – 1:40. Video Editor: Speed up this section of the video, but make sure the viewer can observe adjustment of the dimensions starting at around 1:15.

5.6. Next, run ‘AutoDock’ and select the ‘Lamarckian Genetic Algorithm method’. Click on ‘Docking Parameters’ and set the ‘Number of GA runs’ to 50, then click on ‘Forward’ to start the docking run [1]. Authors: Your manuscript states to set this parameter to 50 but 10 is used in the video. Which one would you like the voiceover to use?

5.6.1.  SCREEN: part3-docking.mp4. 2:39 – 2:52. 

5.7. When ‘AutoDock’ is complete, open the ‘Analyze Results’ panel and inspect all predicted binding poses. Select the best model with the lowest predicted binding energy and reasonable binding interactions between the Cys-477 and substrate on the cleavage site, then save it as a PDB file for further MD simulations [1].

5.7.1. SCREEN: part3-docking.mp4. 3:59 – 4:18.

5.8. Xin Hu: After generating the binding poses with AutoDock, it is important to perform post-docking analysis to identify the most plausible binding model for refinement with MD simulations.  

5.8.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



.
Section – Results
6. Results: SSHHPS Analysis 
6.1. This protocol was used to find short stretches of homologous host-pathogen protein sequences, or SSHHPS (pronounce “ships”), in the Zika virus ns2B/3 (pronounce “N-S-2-B-3’) protease [1]. Four host protein targets were identified: FOXG1 (pronounce ‘fox-G-1’), SFRP1, a Gs alpha subunit from a retinal cDNA library, and the NT5M mitochondrial 5’,3’-nucleotidase [2]. 
6.1.1. LAB MEDIA: Figure 10. 
6.1.2. LAB MEDIA: Figure 10 B. Video Editor: Zoom in on B and emphasize the FOXG1, SFRP1, NT5M, and Gsalpha gel images.
6.2. Sequence alignments of the SSHHPS showed species-specific differences in the cleavage site sequences [1]. The SFRP1 sequence was identical in humans and chickens, which is noteworthy because the Zika virus can induce mortality and microcephaly in chicken embryos [2].
6.2.1. LAB MEDIA: Figure 10 D. 
6.2.2. LAB MEDIA: Figure 10 D. Video Editor: Emphasize the Homo sapiens and Gallus gallus SFRP1 sequences. 
6.3. The continuous assay was used to measure steady state kinetic parameters and inhibition constants for the viral polyprotein sequences [1] and the discontinuous assay was used to obtain qualitative cleavage information such as cleavage of a particular sequence or the inhibition of the protease by various compounds [2].
6.3.1. LAB MEDIA: Figure 11. Video Editor: Emphasize A. 
6.3.2. LAB MEDIA: Figure 11. Video Editor: Emphasize B. 

6.4. A model of the Venezuelan equine encephalitis nsP1-nsP2 junction was made using in-silico methods. For the nsP2 protease, lengthening the substrate sequence and reducing the ionic strength of the buffer led to a significant reduction in the Michaelis constant of cleavage of a Semliki Forest Virus sequence [1].

6.4.1. LAB MEDIA: Figure 9. 





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

7.1. Pat Legler: When attempting this procedure, it’s important to run the controls. Substrates containing the viral protease cleavage site sequences should be tested before proceeding with SSHHPS analysis. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
7.2. Pat Legler: If cleavage of a host protein is observed, follow-up experiments should be carried out to confirm that the host protein affects viral replication. This can be done by over expressing or silencing the protein and then examining the effects on viral replication.

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Pat Legler: Group IV contains a large number of new and emerging pathogens. The SSHHP sequences link specific host proteins and pathways with the viral proteases in a very predictable manner.

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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