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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)__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: _____________________________________________

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.) _3.2, 3.3, 3.4, 3.5, 4.2, 4.3__________________________________________
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.) __3.3._; to ensure success we perform this procedure in a bioreactor in order to produce sufficient amount of cell mass.________________________
E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? ___________________________________________________

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. Volker Urban: This method can help answer key questions about integral membrane proteins, such as their oligomerization state, their size, overall shape and low-resolution structure in solution [1-MED].
1.1.1. Volker speaks towards camera (looking just off-camera), interview style. 
1.2. Volker Urban: Solution studies of membrane proteins require stabilizing molecules like detergents; this technique has the advantage that it makes detergents invisible and highlights the signal from the membrane protein [1-MED].
1.2.1. Volker speaks towards camera (looking just off-camera), interview style. 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Kevin Weiss: The implications of this technique extend to many biological and medical research questions, because over one third of proteins reside in membranes where they perform many vital cellular functions [1-MED]. 
1.3.1. Kevin speaks towards camera (looking just off-camera), interview style. 

1.4. Sai Venkatesh Pingali: Visual demonstration of this method is critical as the deuterium labeling and neutron scattering steps are difficult to learn, because very few institutions offer training in these techniques [1-MED].   
1.4.1. Sai speaks towards camera (looking just off-camera), interview style. 

Protocol: (read by voice talent at JoVE)
2. Determine Neutron Contrast Match Points and Necessary Contrast for Protein Measurement
2.1. To begin, determine neutron scattering length densities, or SLDs, using the web application MULCh (pronounced as “mulch”): ModULes For The Analysis Of Contrast Variation Data [1-MED-over the shoulder-TXT].
2.1.1. Talent navigates to the web application MULCh.  TEXT Overlay: Available online, free-of-charge 
2.2. Open the Contrast module by clicking ‘Contrast’, located in the left navigation pane.  Provide text for a project title and enter the details below for two components as ‘subunit 1’ and ‘subunit 2’ [1-SCREEN]. 
2.2.1. 57901_Urban_SCREEN_2.2.1: Screen capture movie as talent opens the Contrast module by clicking ‘Contrast’ located in the left navigation pane.  Provide text for a project title and enter details below for two components as ‘subunit 1’ and ‘subunit 2.’
2.3. Enter the molecular formula for each component in the ‘Formula’ text box.  Then, enter the volume in cubic Angstroms for each component in the box below ‘Volume’.  Finally, enter the details for buffer components [1-SCREEN-TXT].  
2.3.1. 57901_Urban_SCREEN_2.3.1: Screen capture movie as talent enters the molecular formula for each component in the ‘Formula’ text box.  Then, talent enters the volume in cubic Angstroms for each component in the box below ‘Volume (Å3)’.  Talent enters details for buffer components.  TEXT Overlay: See text for calculating volume 
2.4. Click ‘Submit’ to perform the neutron contrast calculations.  A results page is generated that provides a table of scattering length density and contrast match points as well as formulae for determining these parameters at any given percentage of D2O in the buffer [1-SCREEN]. 
2.4.1. 57901_Urban_SCREEN_2.4.1: Screen capture movie as talent clicks ‘Submit’ to perform the neutron contrast calculations.  A results page appears and talent uses the cursor to point out the table of scattering length density and contrast match points as well as formulae for determining these parameters at any given percentage of D2O in the buffer.
2.5. Review the scattering parameters with particular attention to the component contrast match points [1-MED-over the shoulder-TXT].  
2.5.1. Talent reviews the scattering parameters looking at the CMPs.  TEXT Overlay: See text for further details 
3. Express and Purify the Membrane Protein of Interest
3.1. Grow E. coli cells harboring an inducible expression vector for the target protein sequence in LB medium to an optical density at 600 nanometers, or OD-600, of approximately 1 [1-MED].
3.1.1. Talent places the inoculated LB medium into the incubator.   

3.2. Adapt E. coli cells to deuterium-labeled medium prior to scale-up for overexpression of a deuterated protein by diluting the LB culture 1 to 20 in 3 milliliters of minimal medium [1-CU].  After growing to an OD-600 of approximately 1, repeat the 1 to 20 dilutions using minimal medium containing 50, 75 and 100% D2O [2-MED].
3.2.1. Culture as talent dilutes the LB culture 1:20 in 3 mL of minimal medium.  Use labeled containers.
3.2.2. Talent places the dilution in 50% D2O into the incubator.  Use labeled containers.
3.3. Once adapted, continue growing the culture in a bioreactor to increase the yield of deuterated cell mass.  As the D2O content is increased, growth rates will decrease [1-MED-over the shoulder].  Proceed to harvest, lyse, and purify cells as described in the text protocol [2-WIDE].
3.3.1. Talent adds the subculture to the bioreactor.
3.3.2. Talent loads centrifuge bottles into the rotor, closes the lid, and starts the centrifuge.
3.4. Next, equilibrate a size exclusion column with greater than 2 column volumes of “Final Exchange Buffer” using a Fast Protein Liquid Chromatography system [1-MED-over the shoulder-TXT].
3.4.1. Size exclusion column set-up as talent places the inlet into a labeled container of “Final Exchange Buffer.”  TEXT Overlay: See text for recipe
3.5. After injecting the sample, run the column and isolate fractions corresponding to the protein of interest [1-CU].  Reserve an aliquot of matched buffer for small-angle neutron scattering, or SANS (pronounced as “sans”), background subtraction [2-MED].
3.5.1. Fractionator as fractions drip off the column into them. 
3.5.2. Talent reserves and aliquot of matched buffer.  Use labeled containers.
4. Collect SANS Data and Reduce SANS Data from 2D Image to 1D Plot
4.1. To collect SANS data, first load samples and buffers into quartz cells [1-CU].
4.1.1. Quartz cells as talent loads the samples and buffers there.  
4.2. After ensuring that the beam shutter is closed, approach the sample environment area and place the quartz cells in the sample changer [1-WIDE].  Record the sample changer position for each sample cell [2-CU].
4.2.1. Talent approaches the sample environment area with the quartz cell and begins placing them into the sample changer.
4.2.2. Sample changer and lab notebook as talent finishes placing the samples there and then notes sample position in lab notebook.
4.3. Check the area and ensure the beam path is free from obstruction before leaving the sample environment area [1-MED].  Then, open the beam shutter [2-MED-over the shoulder].
4.3.1. Talent checks that the beam path is free from obstruction.
4.3.2. Talent opens the beam shutter.
4.4. Execute a table scan for automated data collection.  Follow the instructions for instrument operation provided by the Neutron Scattering Scientist [1-SCREEN].
4.4.1. 57901_Urban_SCREEN_4.4.1: Screen capture movie as talent executes the table scan and an automated data collection process begins.  Talent opens the ‘Table Scan Status’ tab.   
4.5. Use Mantid-Plot software and Python script for the reduction of SANS data from a 2D image to a 1D plot [1-MED].  
4.5.1. Talent working at the analysis computer.
4.6. To do so, log into the Remote Analysis Cluster and execute “Mantid-Plot” from the command line.  Then, open the provided User Reduction Script and place the corresponding scan numbers, or identification for the sample and buffer pairs, in the appropriate list [1-SCREEN]. 
4.6.1. 57901_Urban_SCREEN_4.6.1: Screen capture movie as talent logs in to the Remote Analysis Cluster and executes “MantidPlot” from the command line.  Then talent opens the provided User Reduction Script and places the corresponding scan numbers or identification for the sample and buffer pairs in the appropriate list. 
4.7. Execute the script to generate reduced data as a four-column text file in the specified location.  Right click the appropriate workspace in Mantid-Plot and select “Plot with errors…” for an initial examination of the scattering profiles [1-SCREEN].
4.7.1. 57901_Urban_SCREEN_4.7.1:  Screen capture movie as talent executes the script to generate reduced data as a four-column text file in the specified location.  Then talent right clicks the appropriate workspace in MantidPlot and selects “Plot with errors…” for an initial examination of the scattering profiles.  
5. Analyze Data for Structural Parameters of the Scattering Particle

5.1. Download the ATSAS (pronounced as “at-sas”) software suite and use PRIMUS (pronounced as “pri-mus”) for data plotting, buffer scaling and subtraction, and Guinier (pronounced as "Guin-ier” (French)) analysis [1-MED-over the shoulder].
5.1.1. Talent opens the PRIMUS from the ATSAS software suite.

5.2. Launch the ATSAS ‘SAS (pronounced as “sas”) Data Analysis’ application and load the reduced data files corresponding to the sample and buffer pair.  To scale the buffer properly, select a data range at high Q where both profiles are similar and flat, and click the ‘Scale’ button located under the ‘Operations’ tab [1-SCREEN-TXT]. 
5.2.1. 57901_Urban_SCREEN_5.2.1:  Screen capture movie as talent launches the ATSAS ‘SAS Data Analysis’.   Then talent selects a data range at high Q where both profiles are similar and flat, and click the ‘Scale’ button located under the ‘Operations’ tab.  TEXT Overlay: Q > 0.5 Å-1
5.3. Increase the data range to view all points. Click ‘Subtract’ to perform this operation.  Perform a Guinier analysis of the buffer-subtracted sample-data using the ‘Analysis’ tab of the ‘SAS Data Analysis’ application [1-SCREEN]. 
5.3.1. 57901_Urban_SCREEN_5.3.1:  Screen capture movie as talent increases the data range to view all points.  Talent clicks ‘Subtract’ to perform this operation.  Talent performs a Guinier analysis of the buffer-subtracted sample data using the ‘Analysis’ tab of the ‘SAS Data Analysis’ application.
5.4. Be sure the proper file is selected in the list, and click ‘Radius of Gyration’.  An automated attempt to perform a Guinier fit will be provided by clicking on the ‘Autorg’ (pronounced as “auto-R-G”) button [1-SCREEN]. 
5.4.1. 57901_Urban_SCREEN_5.4.1:  Screen capture movie as talent checks that the proper file is selected in the list and click ‘Radius of Gyration’.  An automated attempt to perform a Guinier fit will be provided by clicking on the ‘Autorg’ button.
5.5. Expand the range of data used to include all of the low-Q data and begin narrowing the data range by taking away high-Q points until the Qmax*Rg (pronounced as “Q-max-times R-G”) limit is below 1.3. Use the plot of residuals to verify that data are linear in the fit range [1-SCREEN].  
5.5.1. 57901_Urban_SCREEN_5.5.1:  Screen capture movie as talent expands the range of data used to include all of the low-Q data and begin narrowing the data range by taking away high-Q points until the Qmax*Rg limit is below 1.3. Talent uses the plot of residuals to verify that data are linear in the fit range.
5.6. Make small adjustments to the fit region, and monitor the sensitivity of these values to the range of data used in the fit.  Obtain the probability distribution function “P of R” in GNOM (pronounced as “gnome”).  Now, start the Distance Distribution Wizard within the ‘Analysis’ tab.  Obtaining a good fit to the data is essential to obtaining a quality model [1-SCREEN]. 
5.6.1. 57901_Urban_SCREEN_5.6.1:  Screen capture movie as talent makes small adjustments to the fit region and monitor the sensitivity of these values to the range of data used in the fit.  Talent obtains the probability distribution function (P(r)) in GNOM.  Then talent starts the Distance Distribution Wizard within the ‘Analysis’ tab.  
5.7. Determine Dmax (pronounced as “D-max”), the maximum interatomic distance within the molecule.  Estimate a value for Dmax by unchecking the box to ‘force Rmax (pronounced as “R-max”) equals zero’ and entering a large value for Dmax. The first x-intercept in the plot of “P of R” yields this estimate [1-SCREEN]. 
5.7.1. 57901_Urban_SCREEN_5.7.1: Screen capture movie as talent estimates a value for Dmax by unchecking the box to ‘force Rmax equals zero’ and entering a large value for Dmax.  Talent brings the cursor to the first x-intercept in the plot of P(r) to point out the estimate.
5.8. Make incremental changes to this Dmax value, as well as the range of data used or number of points used, to optimize the GNOM fit to the data and the resulting “P of R” curve [1-SCREEN].  
5.8.1. 57901_Urban_SCREEN_5.8.1: Screen capture movie as talent makes incremental changes to this Dmax value and the range of data used or number of points used in the fit to optimize the GNOM fit to the data and the resulting P(r) curve.
6. Create Ab Initio Models from the SANS Data

6.1. Start the PRIMUS Shape Wizard from the ‘Dammif’ (pronounced as “dumm-if”) button on the ‘Analysis’ tab of ‘SAS Data Analysis’, and use a manual selection of parameters [1-SCREEN].
6.1.1. 57901_Urban_SCREEN_6.1.1: Screen capture movie as talent starts the   PRIMUS Shape Wizard from the ‘Dammif’ button on the ‘Analysis’ tab of ‘SAS Data Analysis’, and uses a manual selection of parameters.
6.2. Define the Guinier range from the fit and proceed to the next step using the navigation buttons.  Define fit values from the ‘P of R’ plot and proceed to the next step.  Provide parameters for the ab initio modeling process.  Then, initiate the process using the ‘commit’ button [1-SCREEN].
6.2.1. 57901_Urban_SCREEN_6.2.1: Screen capture movie as talent defines the Guinier range from the fit and proceed to the next step using the navigation buttons.  Then talent defines fit values from the P(r) plot and provides parameters for the ab initio modeling process.  Talent initiates the process using the ‘commit’ button. 
6.3. Overlay and superimpose the final SANS envelope with a related high-resolution model using SUPCOMB (pronounced as “sup-comb”) within ATSAS.  Place a copy of the high-resolution PDB model to be fit to the SANS envelope in the working directory.  Then, execute SUPCOMB from the command line using the PDB filenames as two arguments with the template structure listed first. [1-SCREEN-TXT]. 
6.3.1. 57901_Urban_SCREEN_6.3.1: Screen capture movie as talent overlays and superimposes the final SANS envelope with a related high-resolution model using SUPCOMB within ATSAS.  Talent places a copy of the high-resolution PDB model to be fit to the SANS envelope in the working directory.  Then talent executes SUPCOMB from the command line using the PDB filenames as two arguments with the template structure listed first.  TEXT Overlay (show as the last sentence is narrated): $ supcomb HiRes.pdb SANSEnvelope.pdb 
6.4. Finally, visualize the ab initio model results using PyMOL (pronounced as pie-mole”), a 3D molecular graphics viewing program [1-WIDE].
6.4.1. Structure on a video screen in the conference room while 3 team members (Volker, Kevin, Sai) are present; giving the impression that experiment team together evaluate the result.
7. Results: Visualization of the Experimental SANS Envelope and Overlay with High-Resolution Model using PyMOL
7.1. Once the SANS envelope and high-resolution structure have been superimposed, these models can be visualized using any molecular graphics viewing program.  An overview of the PyMOL visualization process is shown [1-LM].
7.1.1. Figure 13.tif 
7.2. Once the PDB structure files have been opened in PyMOL, the models should be visible in the PyMOL Viewer window [1-LM].  The representations of each model can be changed using the ‘S’ button next to each filename [2-LM].  
7.2.1. Figure 13_panel1.tif – Video editors, please transition to this figure from the previous one by zooming into the middle window on the left side of the figure (with yellow letters “Show: as: surface”).
7.2.2. Figure 13_panel1.tif – Video editors, highlight and/or emphasize with a zoom bubble the “S” square in the top right of the window (between the “A” and “H” square).
7.3. Here, a surface representation is used for the SANS envelope, and a cartoon representation is used for the protein backbone of the high-resolution model [1-LM].  
7.3.1. Figure 13_panel2.tif 
7.4. A suitable color scheme can be selected from options available under the ‘C’ button [1-LM].  For protein chains, a “chainbow” coloring provides a color gradient from N- to C- terminus to aid interpretation [2-LM].  
7.4.1. Figure 13_panel3.tif – Video editors, highlight and/or emphasize with a zoom bubble the “C” square (multicolored square next to the “L” square). 
7.4.2. Figure 13._panel3.tif – Video editors, highlight and/or emphasize with a zoom bubble the word “chainbow” in the pull-down menu.
7.5. Transparency is applied to the surface representation to allow better visualization of the protein structure within the envelope [1-LM]. 
7.5.1. Figure 13_panel4.tif 
7.6. For publication images, a white background is recommended [1-LM].  
7.6.1. Figure 13_panel5.tif 
7.7. Once these visualization queues have been applied, the 3D structures can be examined by clicking and dragging the structure.  Manipulations of the perspective and molecule rotation and translation can be performed [1-LM].
7.7.1. Figure 13_panel6.tif 
8. Conclusion (said by authors on camera)
8.1. Sai Venkatesh Pingali: While attempting this procedure, it’s important to remember to accurately match the neutron contrast of the detergent head and tail groups with the D2O/H2O solvent [1-MED]/[2-MED-over the shoulder].
8.1.1. Sai speaks towards camera (looking just off-camera), interview style. 
8.1.2. Shot 2.5.1 can be shown as the visual and 8.1.1 can be used as the audio.
8.2. Kevin Weiss: After its development, this technique paved the way for exploring the structure of intramembrane aspartyl proteases. These proteins are involved in the immune response, hepatitis C, and Alzheimer’s disease [1-MED].
8.2.1. Kevin speaks towards camera (looking just off-camera), interview style. 
8.3. Volker Urban: Don't forget that working in biochemical laboratories and at neutron beam facilities can be hazardous.  Precautions, such as wearing personal protective equipment, and following all facility safety rules and radiological postings, are mandatory while performing this procedure [1-MED].   
8.3.1. Volker speaks towards camera (looking just off-camera), interview style. 
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.  

LAB MEDIA (LM):
Figure 13.tif 

Figure 13_panel1.tif  
Figure 13_panel2.tif 

Figure 13_panel3.tif  
Figure 13_panel4.tif 

Figure 13_panel5.tif 

Figure 13_panel6.tif

SCREEN Capture Movies: Authors, after the shoot, please upload to: http://www.jove.com/files_upload.php?src=17659853 

57901_Urban_SCREEN_2.2.1: Screen capture movie as talent opens the Contrast module by clicking ‘Contrast’ located in the left navigation pane.  Provide text for a project title and enter details below for two components as ‘subunit 1’ and ‘subunit 2.’
57901_Urban_SCREEN_2.3.1: Screen capture movie as talent enters the molecular formula for each component in the ‘Formula’ text box.  Then, talent enters the volume in cubic Angstroms for each component in the box below ‘Volume (Å3)’.  Talent enters details for buffer components.  
57901_Urban_SCREEN_2.4.1: Screen capture movie as talent clicks ‘Submit’ to perform the neutron contrast calculations.  A results page appears and talent uses the cursor to point out the table of scattering length density and contrast match points as well as formulae for determining these parameters at any given percentage of D2O in the buffer.
57901_Urban_SCREEN_4.4.1: Screen capture movie as talent executes the table scan and an automated data collection process begins.  Talent opens the ‘Table Scan Status’ tab.   
57901_Urban_SCREEN_4.6.1: Screen capture movie as talent logs in to the Remote Analysis Cluster and executes “MantidPlot” from the command line.  Then talent opens the provided User Reduction Script and places the corresponding scan numbers or identification for the sample and buffer pairs in the appropriate list. 
57901_Urban_SCREEN_4.7.1:  Screen capture movie as talent executes the script to generate reduced data as a four-column text file in the specified location.  Then talent right clicks the appropriate workspace in MantidPlot and selects “Plot with errors…” for an initial examination of the scattering profiles.  
57901_Urban_SCREEN_5.2.1:  Screen capture movie as talent launches the ATSAS ‘SAS Data Analysis’.   Then talent selects a data range at high Q where both profiles are similar and flat, and click the ‘Scale’ button located under the ‘Operations’ tab. 
57901_Urban_SCREEN_5.3.1:  Screen capture movie as talent increases the data range to view all points.  Talent clicks ‘Subtract’ to perform this operation.  Talent performs a Guinier analysis of the buffer-subtracted sample data using the ‘Analysis’ tab of the ‘SAS Data Analysis’ application.
57901_Urban_SCREEN_5.4.1:  Screen capture movie as talent checks that the proper file is selected in the list and click ‘Radius of Gyration’.  An automated attempt to perform a Guinier fit will be provided by clicking on the ‘Autorg’ button.
57901_Urban_SCREEN_5.5.1:  Screen capture movie as talent expands the range of data used to include all of the low-Q data and begin narrowing the data range by taking away high-Q points until the Qmax*Rg limit is below 1.3. Talent uses the plot of residuals to verify that data are linear in the fit range.
57901_Urban_SCREEN_5.6.1:  Screen capture movie as talent makes small adjustments to the fit region and monitor the sensitivity of these values to the range of data used in the fit.  Talent obtains the probability distribution function (P(r)) in GNOM.  Then talent starts the Distance Distribution Wizard within the ‘Analysis’ tab.  
57901_Urban_SCREEN_5.7.1: Screen capture movie as talent estimates a value for Dmax by unchecking the box to ‘force Rmax equals zero’ and entering a large value for Dmax.  Talent brings the cursor to the first x-intercept in the plot of P(r) to point out the estimate.
57901_Urban_SCREEN_5.8.1: Screen capture movie as talent makes incremental changes to this Dmax value and the range of data used or number of points used in the fit to optimize the GNOM fit to the data and the resulting P(r) curve.
57901_Urban_SCREEN_6.1.1: Screen capture movie as talent starts the   PRIMUS Shape Wizard from the ‘Dammif’ button on the ‘Analysis’ tab of ‘SAS Data Analysis’, and uses a manual selection of parameters.
57901_Urban_SCREEN_6.2.1: Screen capture movie as talent defines the Guinier range from the fit and proceed to the next step using the navigation buttons.  Then talent defines fit values from the P(r) plot and provides parameters for the ab initio modeling process.  Talent initiates the process using the ‘commit’ button. 
57901_Urban_SCREEN_6.3.1: Screen capture movie as talent overlays and superimposes the final SANS envelope with a related high-resolution model using SUPCOMB within ATSAS.  Talent places a copy of the high-resolution PDB model to be fit to the SANS envelope in the working directory.  Then talent executes SUPCOMB from the command line using the PDB filenames as two arguments with the template structure listed first.
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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