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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)____NA_____  
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: _____________________________________________

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.)
2.1, 2.2, 3.2, 4.1, 5.5, 6.5 
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.) 
3.2 (ALIGN), inspect and optionally edit alignment __
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? N/A
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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of Bio3D-web is to enable interactive analysis of sequence, structure and conformational diversity of protein families. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Shashank: Bio3D-web is a new web app that can help us understand the relationships between sequence, structure and dynamics within large protein families [1-MED].
1.1.1. Shashank speaks towards the camera, interview style.
1.2. Shashank: The main advantage of Bio3D-web is that it provides interactive and reproducible online sequence, structure, and dynamics analyses, requiring no programming knowledge on the user's part [1-MED].
1.2.1. Shashank speaks towards the camera, interview style.
Protocol: (read by voice talent at JoVE)

Editors, please use a zoom bubble to highlight the action(s) being performed in the SCREEN capture movies throughout this protocol.
2. Structure search and selection (SEARCH) 
2.1. To input a structure for analysis, obtain the PDB ID of adenylate kinase, by searching the protein data base [1-MED-over the shoulder-TXT]. 

2.1.1. Talent searches the PDB for the PDB ID of adenylate kinase.  TEXT Overlay: PDB = http://www.rcsb.org/pdb  

2.2. Enter the four character long PDB ID for adenylate kinase, or paste a protein sequence in the text box of the “Input structure or sequence” panel [1-SCREEN-TXT].
2.2.1. 55640_Grant_SCREEN_2.2.1 – Screen capture movie as talent navigates to the “Input structure or sequence” panel, and pastes the protein sequence there.  TEXT Overlay: PDB ID = 1AKE 

2.3. Click the blue “Next (Hit selection)” button in the first panel or simply scroll down to panel B.  Then, hit “selection” for further analysis.  Make sure the “Limit total number of included structures” slider is set to its maximum value to include all structures above the cutoff [1-SCREEN]. 
2.3.1. 55640_Grant_SCREEN_2.3.1 – Screen capture movie as talent clicks the blue Next (Hit selection) button in the first panel.  Then talent hits selection for further analysis.  Talent brings the curser to the “Limit total number of included structures slider” and sets to its maximum value to include all structures above the cutoff.
2.4. Lower the “inclusion BitScore cutoff” to include more distantly related hits, or increase it to exclude [1-SCREEN].  
2.4.1. 55640_Grant_SCREEN_2.4.1 – Screen capture movie as talent demonstrates how to modulate the inclusion BitScore cutoff.
2.5. Make sure the selected hits represent relevant structures by inspecting details of the table, such as PDB name, species, and bound ligands [1-SCREEN]/[2-MED-over the shoulder].
2.5.1. 55640_Grant_SCREEN_2.5.1 – Screen capture movie as talent inspects details of the table, such as PDB name, species, and bound ligands.  Editors, please use this in combination of 2.5.2, or choose which shot looks better here and use that shot alone to cover the narration.
2.5.2. Talent inspects details of the table at the computer screen, such as PDB name, species, and bound ligands.  Editors, please use this in combination of 2.5.1, or choose which shot looks better here and use that shot alone to cover the narration.
3. Multiple sequence alignment analysis (ALIGN)

3.1. Click the “ALIGN” tab to perform sequence alignment of the selected structures from the “SEARCH” tab [1-SCREEN]. 
3.1.1. 55640_Grant_SCREEN_3.1.1 – Screen capture movie as talent clicks the ALIGN tab to perform sequence alignment of the selected structures from the SEARCH tab.

3.2. Shashank: There is a potential emergence of alignment errors, especially when analyzing more distantly related proteins, such as when sequence similarity is below 30%.  Always double check and correct the sequence alignment in the ALIGN tab [1-MED].
3.2.1. Shashank speaks toward camera, interview style. 
3.3. Review the alignment summary in panel “A) Alignment summary”.  Make sure that the regions of interest are aligned and not masked by gaps in one or more structures [1-SCREEN]. 

3.3.1. 55640_Grant_SCREEN_3.3.1 – Screen capture movie as talent reviews the alignment summary in panel “A) Alignment summary” and ensures that the regions of interest are aligned and not masked by gaps in one or more structures

3.4. Click the blue “Next (Analysis)” button to perform sequence-based clustering analysis of the collected structures [1-SCREEN-TXT].
3.4.1. 55640_Grant_SCREEN_3.4.1 – Screen capture movie as talent clicks the blue Next (Analysis) button.  TEXT Overlay: see text for more information 
3.5. Then, click the blue “Next (Conservation)” button to calculate the column-wise residue conservation [1-SCREEN]. 

3.5.1. 55640_Grant_SCREEN_3.5.1 – Screen capture movie as talent clicks the blue Next (Conservation) button to calculate the column-wise residue conservation.

3.6. Select the “Aligned structure sets” to generate a plot of the residue conservation at each alignment position [1-SCREEN]. 
3.6.1. 55640_Grant_SCREEN_3.6.1 – Screen capture movie as talent selects the Aligned structure sets to generate a plot of the residue conservation at each alignment position.
4. Structure fitting and analysis (FIT) 
4.1. Perform structure superimposition by entering the FIT (pronounced as “fit”) tab.  Make sure the protein structures are superimposed to corresponding and relevant regions by visual inspection.  Click and drag the mouse over the structures to rotate, and scroll to zoom [1-SCREEN]. 

4.1.1. 55640_Grant_SCREEN_4.1.1 – Screen capture movie as talent navigates to the FIT tab.  Talent ensures the protein structures are superimposed to corresponding and relevant regions by visual inspection.  Talent clicks and drags the mouse over the structures to rotate, and scrolls to zoom.

4.2. Adjust the coloring of the structures by clicking on the “Color options” [1-SCREEN].  

4.2.1. 55640_Grant_SCREEN_4.2.1 – Screen capture movie as talent adjusts the coloring of the structures by clicking on the Color options.

4.3. Then, click the blue “Next (Analysis)” button to perform structure-based clustering of the collected PDB structures [1-SCREEN]. 
4.3.1. 55640_Grant_SCREEN_4.3.1 – Screen capture movie as talent clicks the blue Next (Analysis) button to perform structure-based clustering of the collected PDB structures.
4.4. Toggle the “RMSD Dendrogram” in the “Plot options” radio buttons [1-SCREEN].
4.4.1. 55640_Grant_SCREEN_4.4.1 – Screen capture movie as talent toggles the RMSD Dendrogram in the Plot options radio buttons.
4.5. Click the blue “Next (RMSF)” button to view the structural variability of each residue with major secondary structure elements shown in the marginal regions of the x-axis [1-SCREEN].
4.5.1. 55640_Grant_SCREEN_4.5.1 – Screen capture movie as talent clicks the blue Next (RMSF) button to view the structural variability of each residue (shown as an RMSF plot) with major secondary structure elements shown in the marginal regions of the x-axis.
5. Principal component analysis (PCA) 
5.1. Perform principal component analysis by entering the “PCA” tab.  To visualize the principal components, toggle the “Show PC Trajectory” checkbox to visualize motions described by the principal components with the in-browser visualization tool [1-SCREEN].
5.1.1. 55640_Grant_SCREEN_5.1.1 – Screen capture movie as talent navigates to the PCA tab.  Then talent toggles the Show PC Trajectory checkbox to visualize motions described by the PCs with the in-browser visualization tool.
5.2. Make sure “Principal Component 1” is chosen from the first drop down menu.  To visualize the motions described by other principal components, choose the desired PC from the “Choose Principal Component” drop down menu [1-SCREEN-TXT].
5.2.1. 55640_Grant_SCREEN_5.2.1 – Screen capture movie as talent chooses Principal Component 1 from the first drop down menu.  Then talent demonstrates how to choose another PC from the Choose Principal Component drop down menu.  TEXT Overlay (as the second sentence is narrated): see text for more information 

5.3. Project the individual structures onto two selected PCs by clicking on the blue “Next (Plot)” button.  Make sure “PC on X-axis” is set to “1”, and “PC on Y-axis” to “2”.  To project the structures onto other principal components, adjust the PC numbering accordingly [1-SCREEN]. 
5.3.1. 55640_Grant_SCREEN_5.3.1 – Screen capture movie as talent projects the individual structures onto two selected PCs by clicking on the blue Next (Plot) button.  Talent makes sure PC on X-axis is set to 1, and PC on Y-axis to 2.   
5.4. Click on any individual points in the plot to label the structures.  Alternatively, highlight one or more structures in the table “PCA conformer plot annotation” below the plot [1-SCREEN]. 

5.4.1. 55640_Grant_SCREEN_5.4.1 – Screen capture movie as talent clicks on any individual points in the plot to label the structures.  Then talent demonstrates doing this through highlighting structures in the table PCA conformer plot annotation below the plot.

5.5. Calculate the residue contributions to the individual principal components by clicking the blue “Next (Residue contributions)” button [1-SCREEN]. 

5.5.1. 55640_Grant_SCREEN_5.5.1 – Screen capture movie as talent clicks the blue Next (Residue contributions) button.
5.6. Plot the contributions for additional principal components by including the PC number in the “Choose Principal Component” text box [1-SCREEN-TXT]. 
5.6.1. 55640_Grant_SCREEN_5.6.1 – Screen capture movie as talent plots the contributions for additional PCs by including the PC number in the Choose Principal Component text box.  TEXT Overlay: see text for more information 
6. Ensemble normal mode analysis (eNMA)

6.1. Click the “eNMA” tab to initiate normal modes calculation.   Adjust the number of structures by lowering or increasing the “Cutoff” for structure inclusion or exclusion.  Click the green “Run Ensemble NMA” to start the normal mode analysis calculation [1-SCREEN].
6.1.1. 55640_Grant_SCREEN_6.1.1 – Screen capture movie as talent clicks the eNMA tab to initiate normal modes calculation.  Talent adjusts the number of structures by lowering or increasing the Cutoff for structure inclusion/exclusion.  Then talent clicks the green Run Ensemble NMA to start the NMA calculation 

6.2. Scroll down to the second panel of the eNMA tab called “Normal Modes Visualization” for visualization of the normal modes.  Click the blue “Next (Fluctuations)” button to calculate the residue-wise fluctuations of structures selected for ensemble normal mode analysis [1-SCREEN].  

6.2.1. 55640_Grant_SCREEN_6.2.1 – Screen capture movie as talent scrolls down to the second panel of the eNMA tab (Normal Modes Visualization) for visualization of the NMs.  Talent clicks the blue Next (Fluctuations) button to calculate the residue-wise fluctuations of structures selected for eNMA.

6.3. Toggle the “Cluster by PC subspace” to color the fluctuation profiles by PC-based clustering.  Toggle the “Spread lines” checkbox to plot the grouped fluctuation profiles apart from each other [1-SCREEN].

6.3.1. 55640_Grant_SCREEN_6.3.1 – Screen capture movie as talent toggles the Cluster by PC subspace to color the fluctuation profiles by PC-based clustering.  Then talent toggles the Spread lines checkbox to plot the grouped fluctuation profiles apart from each other.

6.4. Then, click the blue “Next (PCA-versus-NMA)” button to calculate the similarity between the individual normal modes and principal components [1-SCREEN-TXT].
6.4.1. 55640_Grant_SCREEN_6.4.1 – Screen capture movie as talent clicks the blue Next (PCA-vs-NMA) button to calculate the similarity between the individual NMs and PCs.  TEXT Overlay: see text for overlap and clustering analysis 

6.5. Click the blue “Next” button at the bottom to generate a report of analysis results, user-defined input, and parameter choices [1-SCREEN]. 
6.5.1. 55640_Grant_SCREEN_6.5.1 – Screen capture movie as talent clicks the blue Next button at the bottom to generate a report of analysis results and user-defined input and parameter choices.
6.6. The report can be downloaded in shareable PDF, Word and HTML formats. The report also includes a link to revisit the analysis session at a later time, which can also be shared with collaborators [1-SCREEN].
6.6.1. 55640_Grant_SCREEN_6.6.1 – Screen capture movie as talent uses the curser to demonstrate that the report can be downloaded in shareable PDF, Word and HTML formats. Talent also points out the link to revisit the analysis session.
7. Results: Bio3D-web analysis of Adenylate Kinase  
7.1. Shown here are available PDB structures of adenylate kinase superimposed on the identified invariant core.  Structures are colored according to RMSD-based clustering provided in the FIT tab [1-LM]. 
7.1.1. 55640_Grant_Figure2A-adk.tif – Authors, please provide a separate, layered version of figure 2A without the “A” label.
7.2. Visualization of the principal components is available from the PCA tab to characterize the major conformational variations in the data set [1-LM].  Here, the trajectory corresponding to the first principal component is shown in tube representation showing the large-scale closing motion of the protein [2-LM]. 
7.2.1. 55640_Grant_Figure2B-adk.tif – Authors, please provide a separate, layered version of figure 2B without the “B” label
7.2.2. 55640_Grant_Figure2B-adk.tif – Editors, please highlight the portion of the structure at the top right that appears as a ribbon rather than a tube.
7.3. Structures are projected onto their two first principal components in a conformer plot showing a low-dimensional representation of the conformational variability [1-LM].  Each dot, or structure, is colored according to user specified criteria, in this case PCA-based clustering results [2-LM]. 
7.3.1. 55640_Grant_Figure2C-adk.tif – Authors, please provide a separate, layered version of figure 2C without the “C” label
7.3.2. 55640_Grant_Figure2C-adk.tif - Editors, please highlight all of the dots in the plot.
7.4. Normal mode analysis in the eNMA tab suggests enhanced local and global dynamics for structures [1-LM] in the open state… [2-LM] in comparison to the closed state [3-LM].
7.4.1. 55640_Grant_Figure2D-adk.tif – Authors, please provide a separate, layered version of figure 2D without the “D” label
7.4.2. 55640_Grant_Figure2D-adk.tif - Editors, please highlight the red plot.
7.4.3. 55640_Grant_Figure2D-adk.tif - Editors, please highlight the blue plot.
8. Conclusion (said by authors on camera)
8.1. Shashank: Bio3D-web can be used to explore sequence and structure sets and help understand general trends in the protein family of interest within minutes.  Bio3D-web has helped me inform structural analyses of the kinesin superfamily [1-MED].
8.1.1. Shashank speaks toward the camera, interview style.
8.2. Shashank: Bio3D-web provides a complete workflow for fully customized investigation of sequence-structure-dynamic relationships.  This workflow includes functionality for interconformer relationship mapping with PCA, and quantitative comparison of local and global dynamics across large sets of heterogenous structures using ensemble NMA [1-MED].
8.2.1. Shashank speaks toward the camera, interview style
8.3. Shashank: It is envisaged that most researchers will use Bio3D-web to understand general trends in their protein family of interest, which can then inform further specialized analyses.
8.3.1. Shashank speaks toward the camera, interview style.
8.4. Shashank: Bio3D-web is therefore designed as a hypothesis-generating tool with shareable summary reports that include all user defined parameters.  The results from Bio3D-web are also downloadable and are fully compatible with Bio3D R package for further in-depth analyses.
8.4.1. Shashank speaks toward the camera, interview style.
8.5. Shashank: Many structures are now available for a given protein family, often determined under different conditions.  Comparison of these large numbers of structures can tell us about structural mechanisms critical for their function, such as ligand binding, catalysis, and allosteric regulation [1-MED].
8.5.1. Shashank speaks toward the camera, interview style.
8.6. Shashank: Bio3D-web is widely accessible and easy to use without any dedicated software installations or learning a new programming language.  Bio3D-web is supported on all major browsers.  Full source code and setup instructions for local setup are available free of cost [1-MED-TXT].
8.6.1. Shashank speaks toward the camera, interview style.  TEXT Overlay: http://thegrantlab.org/bio3d-web
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

LAB MEDIA (LM):

55640_Grant_Figure2A-adk.tif – Authors, please provide a separate, layered version of figure 2A without the “A” label.
55640_Grant_Figure2B-adk.tif – Authors, please provide a separate, layered version of figure 2B without the “B” label
55640_Grant_Figure2C-adk.tif – Authors, please provide a separate, layered version of figure 2C without the “C” label
55640_Grant_Figure2D-adk.tif – Authors, please provide a separate, layered version of figure 2D without the “D” label
SCREEN Capture Movies:
55640_Grant_SCREEN_2.2.1 – Screen capture movie as talent navigates to the “Input structure or sequence” panel, and pastes the protein sequence there.   

55640_Grant_SCREEN_2.3.1 – Screen capture movie as talent clicks the blue Next (Hit selection) button in the first panel.  Then talent hits selection for further analysis.  Talent brings the curser to the “Limit total number of included structures slider” and sets to its maximum value to include all structures above the cutoff.
55640_Grant_SCREEN_2.4.1 – Screen capture movie as talent demonstrates how to modulate the inclusion BitScore cutoff.

55640_Grant_SCREEN_2.5.1 – Screen capture movie as talent inspects details of the table, such as PDB name, species, and bound ligands.   
55640_Grant_SCREEN_3.1.1 – Screen capture movie as talent clicks the ALIGN tab to perform sequence alignment of the selected structures from the SEARCH tab.

55640_Grant_SCREEN_3.3.1 – Screen capture movie as talent reviews the alignment summary in panel “A) Alignment summary” and ensures that the regions of interest are aligned and not masked by gaps in one or more structures

55640_Grant_SCREEN_3.4.1 – Screen capture movie as talent clicks the blue Next (Analysis) button.   

55640_Grant_SCREEN_3.5.1 – Screen capture movie as talent clicks the blue Next (Conservation) button to calculate the column-wise residue conservation. 
55640_Grant_SCREEN_3.6.1 – Screen capture movie as talent selects the Aligned structure sets to generate a plot of the residue conservation at each alignment position.
55640_Grant_SCREEN_4.1.1 – Screen capture movie as talent navigates to the FIT tab.  Talent ensures the protein structures are superimposed to corresponding and relevant regions by visual inspection.  Talent clicks and drags the mouse over the structures to rotate, and scrolls to zoom.

55640_Grant_SCREEN_4.2.1 – Screen capture movie as talent adjusts the coloring of the structures by clicking on the Color options.

55640_Grant_SCREEN_4.3.1 – Screen capture movie as talent clicks the blue Next (Analysis) button to perform structure-based clustering of the collected PDB structures.
55640_Grant_SCREEN_4.4.1 – Screen capture movie as talent toggles the RMSD Dendrogram in the Plot options radio buttons.

55640_Grant_SCREEN_4.5.1 – Screen capture movie as talent clicks the blue Next (RMSF) button to view the structural variability of each residue (shown as an RMSF plot) with major secondary structure elements shown in the marginal regions of the x-axis.
55640_Grant_SCREEN_5.1.1 – Screen capture movie as talent navigates to the PCA tab.  Then talent toggles the Show PC Trajectory checkbox to visualize motions described by the PCs with the in-browser visualization tool.
55640_Grant_SCREEN_5.2.1 – Screen capture movie as talent chooses Principal Component 1 from the first drop down menu.  Then talent demonstrates how to choose another PC from the Choose Principal Component drop down menu.   

55640_Grant_SCREEN_5.3.1 – Screen capture movie as talent projects the individual structures onto two selected PCs by clicking on the blue Next (Plot) button.  Talent makes sure PC on X-axis is set to 1, and PC on Y-axis to 2.   
55640_Grant_SCREEN_5.4.1 – Screen capture movie as talent clicks on any individual points in the plot to label the structures.  Then talent demonstrates doing this through highlighting structures in the table PCA conformer plot annotation below the plot.

55640_Grant_SCREEN_5.5.1 – Screen capture movie as talent clicks the blue Next (Residue contributions) button.

55640_Grant_SCREEN_5.6.1 – Screen capture movie as talent plots the contributions for additional PCs by including the PC number in the Choose Principal Component text box.   
55640_Grant_SCREEN_6.1.1 – Screen capture movie as talent clicks the eNMA tab to initiate normal modes calculation.  Talent adjusts the number of structures by lowering or increasing the Cutoff for structure inclusion/exclusion.  Then talent clicks the green Run Ensemble NMA to start the NMA calculation 

55640_Grant_SCREEN_6.2.1 – Screen capture movie as talent scrolls down to the second panel of the eNMA tab (Normal Modes Visualization) for visualization of the NMs.  Talent clicks the blue Next (Fluctuations) button to calculate the residue-wise fluctuations of structures selected for eNMA.

55640_Grant_SCREEN_6.3.1 – Screen capture movie as talent toggles the Cluster by PC subspace to color the fluctuation profiles by PC-based clustering.  Then talent toggles the Spread lines checkbox to plot the grouped fluctuation profiles apart from each other.

55640_Grant_SCREEN_6.4.1 – Screen capture movie as talent clicks the blue Next (PCA-vs-NMA) button to calculate the similarity between the individual NMs and PCs.   
55640_Grant_SCREEN_6.5.1 – Screen capture movie as talent clicks the blue Next button at the bottom to generate a report of analysis results and user-defined input and parameter choices.
55640_Grant_SCREEN_6.6.1 – Screen capture movie as talent uses the curser to demonstrate that the report can be downloaded in shareable PDF, Word and HTML formats. Talent also points out the link to revisit the analysis session.
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 are included in the email accompanying the finalized script.
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