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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_______  

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.) ______2.9, 3.5, 4.4, 4.5, 4.7_____________________________________
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.) _______3.5____________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _ NANUC (National NMR Centre) and the Overduin lab in the Department of Biochemistry could both be used and are in connected buildings (about 5 min walk)
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. Graeden Winkelaar: This method can help answer key questions in the protein interaction field, such as whether proteins bind to a small or large molecule directly [1-MED].
1.1.1. Graeden speaks towards the camera (looking just off-camera), interview style.  

1.2. Graeden Winkelaar: The main advantage of this technique is that it is a simple and fast way to detect direct interactions at the atomic level [1-MED].
1.2.1. Graeden speaks towards the camera (looking just off-camera), interview style.  

Protocol: (read by voice talent at JoVE)
Video editors, please use a zoom bubble to highlight the actions being performed in the SCREEN capture movies as narrated whenever possible.
2. NMR Experimental Setup
2.1. Turn on the air flow with the eject command “ej” [1-SCREEN]; this will bring the sample up from the magnet [1-MED-over the shoulder] [2.1.1a].  Now, place the sample within a spinner on top of the magnet in the opening [2-WIDE].  Insert with the command “ij”. Wait until the sample settles inside the magnet before proceeding [3-MED-over the shoulder].
2.1.0. [Added Shot]: Added to show environment 
2.1.1. Talent types “ej” into the control console. SCREEN – Screen capture of the action as there’s no longer a physical console.
2.1.1a. [Added Shot]: CU on physical sample
2.1.2. Talent inserts the sample within the spinner on top of the magnet by the opening. (Videographer Comment: No slate as electronics in room are very sensitive to magnet)
2.1.3. Talent types “ ij” into the control console.
2.2. Create a new dataset using the “edc” command and load standard proton NMR parameters by selecting the experiment “ZGPR” [1-SCREEN].
2.2.1. 58537_Overduin_SCREEN_2.2.1: Screen capture movie as talent creates a new dataset using the “edc” command and loads standard 1H NMR parameters by selecting the experiment “ZGPR.” (Videographer Comment: Take 1 of 2.2.1 is pretty quick. Take 2 of 2.2.1 and 2.3.1 is good)
2.3. Fill in the NAME, experiment number, and processed data folder number fields.  Select the solvent in the “Set solvent” field and click on “Execute ‘getprosol’” to read standard probehead and solvent dependent parameters [1-SCREEN].
2.3.1. 58537_Overduin_SCREEN_2.3.1: Screen capture movie as talent fills in the NAME, EXPNO and PROCNO fields.  Talent selects the solvent in the “Set solvent” field and clicks on “Execute ‘getprosol’”. 
2.4. Lock the sample to the deuterated solvent using the “lock” command and wait until it is finished sweeping and achieves lock [1-SCREEN].
2.4.1. 58537_Overduin_SCREEN_2.4.1: Screen capture movie as talent types the command “lock” and waits until it is finished sweeping and achieves lock.  Video editors, please crop out the wait period if necessary to fit the narration.  
2.5. Correct the resonance frequency of the magnet by tuning the sample using the automatic tuning command “atma”.  Monitor the wobble curve until the automatic tuning is complete [1-SCREEN]. 
2.5.1. 58537_Overduin_SCREEN_2.5.1: Screen capture movie as talent types in the command “atma” and monitors the wobble curve.
2.6. Shim the magnetic field using TOPSHIM (pronounced as “top-shim”) [1-SCREEN].
2.6.1. 58537_Overduin_SCREEN_2.6.1: Screen capture movie as talent uses the “topshim” command.
2.7. Graeden Winkelaar: Shimming makes adjustments to the magnetic field to achieve uniformity around the sample.  It is good practice to store the shim values with the command “wsh” and read them using “rsh” before topshim if using the same or similar samples [1-MED].
2.7.1. Graeden speaks towards the camera (looking just off-camera), interview style.  

2.8. Now, adjust the receiver gain with the “rga” command to achieve the maximum signal to noise ratio [1-SCREEN]. 
2.8.1. 58537_Overduin_SCREEN_2.8.1: Screen capture movie as talent adjusts the receiver gain with “rga” command to achieve maximum signal to noise ratio.
2.9. Place the center of the spectrum on the water resonance offset and set the 90 degree proton pulse at high power using “calibo1p1” [1-SCREEN].
2.9.1. 58537_Overduin_SCREEN_2.9.1: Screen capture movie as talent places the center of the spectrum on the water resonance offset (o1) and sets the 90 degree proton pulse (p1) at high power using “calibo1p1”.
2.10. Collect the proton spectrum using the zero go “zg” command and process with “efp.”  This includes exponential multiplication, the free induction decay incorporating line broadening, fourier transformation of FID, and “pk” to apply phase correction [1-SCREEN].
2.10.1. 58537_Overduin_SCREEN_2.10.1: Screen capture movie as talent types in “zg” and “efp”. 
2.11. Apply the automatic phase correction, “apk,” and the automatic baseline correction, “absn,” using the polynomial without integration option [1-SCREEN].
2.11.1. 58537_Overduin_SCREEN_2.11.1: Screen capture movie as talent applies “apk” and “absn” using the polynomial without integration option. (Videographer Comment: Take 1 – NG. Take 2 – Good)
2.12. Create a new dataset for the SOFAST HMBC experiment by selecting “SFHMQC3GPPH” in experiment [1-SCREEN].
2.12.1. 58537_Overduin_SCREEN_2.12.1: Screen capture movie as talent creates a new dataset for the SOFAST HMBC experiment by selecting “SFHMQC3GPPH” in experiment.
2.13. Copy the optimized P1 and O1 from the proton spectrum and populate P1 dependent pulses by using the command: “getprosol 1H p1 plw1” (pronounced as “get-pro-sol one-H, P-one, P-L-W-one”), where p1 is the optimized P1 value and plw1 is the power level for P1 [1-SCREEN].
2.13.1. 58537_Overduin_SCREEN_2.13.1: Screen capture movie as talent copies optimized P1 and O1 from proton spectrum and populates P1 dependent pulses by using command “getprosol 1H p1 plw1”, where p1 is the optimized P1 value and plw1 is the power level for P1. (Videographer Comment: Take 1 – NG. Take 2 – Good)
2.14. Now, optimize the CNST54 constant to set the offset for amide chemical shift [1-LM].  Also optimize CNST55 to define the bandwidth in order to encompass the spectral regions of interest, allowing the receiver gain to be optimized [2-LM]. 
2.14.1. figure2.tif – Video editors, please highlight the row labeled “CNST54.”
2.14.2. figure2.tif – Video editors, please highlight the row labeled “CNST55.”
2.15. To select these parameters, extract the first FID from the two-dimensional spectrum and look for the observed signal to define them.  In addition, vary the relaxation delay, number of scans, and dummy scans to obtain acceptable signal sensitivity with the command “gs”, which enables go and scan to monitor data quality in real time [1-SCREEN-TXT]. 
2.15.1. 58537_Overduin_SCREEN_2.15.1: Screen capture movie as talent extracts the first FID from the two-dimensional spectrum and looks for the observed signal.  Then talent demonstrates how to vary D1, NS, and DS to obtain acceptable signal sensitivity with command “gs.”  TEXT Overlay (show as the term is narrated): FID = free induction decay (Videographer Comment: For 2.15.1 Take 1 – NG. For 2.15.1 and 2.16.1 Take 2 – Good. Also please contact author about changing the VO for this section as elements of this step have changed and need to be reworded.) (Editor: Authors did not provide VO changes as of this time.)
2.16. Finally, record the spectra using Zero Go “zg” [1-MED-over the shoulder].
2.16.1. Talent types in “zg” to record the spectra.
3. NMR Data Processing
3.1. Set the processing parameters to the size of the direct F2 and indirect F1 dimensions of the spectrum with optional linear prediction in the indirect dimension.  Select “QSINE” (pronounced as “Q-sine”) as the Window function and enter a Sine bell shift of 2 to process the two-dimensional spectrum [1-SCREEN-TXT].
3.1.1. 58537_Overduin_SCREEN_3.1.1: Screen capture movie as talent sets the processing parameters to the size of the direct F2 and indirect F1 dimensions of the spectrum using “SI F2=2048, F1=512” with optional linear prediction in indirect dimension.  Then talent selects “QSINE” as the WDW and enters a SSB of 2.  TEXT Overlay (show as terms are narrated): direct F2 (1H), indirect F1 (15N) (Videographer Comment: Take 1 – no screen grab, NG. Take 2 – good. Take 3, best)
3.2. Enter the command “xfb” to process the data in both directions with window function and fourier transformation.  Use the command “apk2d” to carry out automatic phase correction in both directions [1-SCREEN].
3.2.1. 58537_Overduin_SCREEN_3.2.1: Screen capture movie as talent enters in the command “xfb” to process the data.  Then talent uses the command “apk2d.”  
3.3. Correct the baseline with the automatic baseline correction function “abs2” for 2D data.  This applies a polynomial function between the ppm values defined in the processing parameters, and will produce a 2D spectrum for further analysis [1-SCREEN].
3.3.1. 58537_Overduin_SCREEN_3.3.1: Screen capture movie as talent types in “abs2” to correct the baseline.
3.4. If planning to perform serial processing for comparison of interaction data with another molecule, store the processing parameters with the command “wpar” and recall them with “rpar” [1-SCREEN].
3.4.1. 58537_Overduin_SCREEN_3.4.1: Screen capture movie as talent demonstrates using the command “wpar” and “rpar.”
4. NMR Data Analysis
4.1. Enter the command “pp” to begin the process of peak picking.  Define the ppm range, minimum intensity, and maximum number of peaks based on expected peaks.  Then, click OK [1-SCREEN].  
4.1.1. 58537_Overduin_SCREEN_4.1.1: Screen capture movie as talent enters the command “pp”.  Then, talent defines the ppm range and minimum intensity/maximum number of peaks based on expected peaks.  Talent clicks OK. (Videographer Comment: Contact author about changing the VO for this section as the vocabulary used has been duplicated.) (Editor: Authors did not provide VO changes as of this time.)
4.2. Verify the results by visual inspection.  If needed, re-run the process until results are satisfactory based on spectra quality [1-SCREEN].
4.2.1. 58537_Overduin_SCREEN_4.2.1: Screen capture movie as talent inspects the results of the peak picking.  Move the cursor around the screen to check peaks.
4.3. Generate a peaklist with the “pp” command.  This peaklist contains data height and peak intensity information by default.  The peak list can be exported to subsequent spectrums and can be read by other programs [1-SCREEN].
4.3.1. 58537_Overduin_SCREEN_4.3.1: Screen capture movie as talent generates a peaklist with the “pp” command and then uses the cursor to point out the data height and peak intensity.
4.4. Now, observe the protein HSQC spectra for changes in peak intensities or movement in chemical shifts that indicate interaction with another molecule.  If the interacting molecule is large, expect reductions in peak intensities along with disappearance of some peaks [1-SCREEN-TXT]. 
4.4.1. 58537_Overduin_SCREEN_4.4.1: Screen capture movie as talent inspects the HSQC spectra for changes in peak intensities and movement by moving the cursor around the screen to check peaks.  TEXT Overlay: HSQC = Heteronuclear Single Quantum Correlation
4.5. Import the peak list to the next data set by clicking on the “peaks” tab and selecting “import” with a right click in the peaks window [1-SCREEN]. 
4.5.1. 58537_Overduin_SCREEN_4.5.1: Screen capture movie as talent clicks on the “peaks” tab and selects “import” with a right click in the peaks window.
4.6. Visualize the peaks over the spectrum and if needed shift them to new positions [1-MED-over the shoulder] [4.6.1-SCREEN].
4.6.1. Talent visualizes the peaks over the spectrum. [4.6.1 and 4.7.1 combined] (Videographer Comment: 4.6.1 and 4.7.1n are screen captures.)
4.7. Click on “reset intensities” for “complete table” to generate a peaklist for the spectrum that includes intensities.  This peak list will carry over the position information from the stored peak list.  
4.7.1. 58537_Overduin_SCREEN_4.7.1: Screen capture movie as talent clicks on “reset intensities” for “complete table” to generate a peaklist for the spectrum including intensities.  
4.8. Export the peak lists from different datasets to a spreadsheet or other mathematical program for analysis by selecting the “Export” function [1-SCREEN].
4.8.1. 58537_Overduin_SCREEN_4.8.1: Screen capture movie as talent selects the “Export” function.
4.9. Calculate the change in peak intensities with the function “peak intensity in complex spectrum/peak intensity in protein spectrum” for each peak.  Values can be converted to percentage change by multiplication by 100 [1-SCREEN].  
4.9.1. 58537_Overduin_SCREEN_4.9.1: Screen capture movie as talent calculates the change in peak intensities with the function “peak intensity in complex spectrum/peak intensity in protein spectrum” for each peak.  (Videographer Comment: Take 1 – NG. Take 2 – Good)
4.10. Note that peak volumes are also useful although peak intensities are easier to measure for peaks that are positioned close to each other, as is usually the case for proteins with a high density of relatively broad peaks [1-SCREEN].
4.10.1. 58537_Overduin_SCREEN_4.10.1: Screen capture movie as talent demonstrates where to find the values for the peak volumes and intensities, using the cursor to point them our or highlight them.
5. Results: Vimentin 99-249 (VimRod) Binds Wildtype Envoplakin Plakin Repeat Domain (E-PRD) but not Mutant R1914E E-PRD
5.1. The N-fifteen HSQCs were acquired for the wild type E-PRD, as well as the R1914E mutant, in the presence or absence of VimRod [1-LM-TXT]. 
5.1.1. 58537_Overduin_Figure8A-8D – Authors, please provide a separate version of figure 8 with only panels A-D.  Please omit the A, B, C, and D labels but keep the panels in the same order as in the original figure.  TEXT Overlay: 15N-1H HSQC 
5.2. The spectrum of wildtype E-PRD shows the expected number of well resolved peaks, indicative of a properly folded protein [1-LM].
5.2.1.  58537_Overduin_Figure8A-8D.  Video Editors, please zoom into the top left panel.
5.3. In the presence of VimRod, the spectrum shows extensive line broadening and peak disappearance, corresponding to binding between E-PRD and VimRod [1-LM]. 
5.3.1. 58537_Overduin_Figure8A-8D.  Video Editors, staying zoomed in, please slide over to the top right panel.  
5.4. Little change is observed between the spectrum of the R1914E mutant on its own … [1-LM] and upon addition of VimRod, indicating a lack of binding to this mutant E-PRD [2-LM].    
5.4.1. 58537_Overduin_Figure8A-8D.  Video Editors, staying zoomed in, please slide over to the bottom left panel.  
5.4.2. 58537_Overduin_Figure8A-8D.  Video Editors, staying zoomed in, please slide over to the bottom right panel.  
5.5. Here, the E-PRD peak intensities in the presence and absence of VimRod were compared and plotted as the relative peak intensities, to indicate the range of peak broadening in the E-PRD complex [1-LM].  
5.5.1. 58537_Overduin_Figure8E – Authors, please provide a separate version of figure 8 with only panel E.  Please omit the E label. 
5.6. To validate and quantitate the binding of VimRod and E-PRD, MST analysis using His6-VimRod labeled with fluorescent RED-tris-NTA (pronounced as “red-tris-NTA”) dye as the target was performed using decreasing concentrations of the E-PRD ligand [1-LM]. 
5.6.1. figure9.tif
5.7. The data were fit with a standard model of one-site ligand binding and gave a K-D of 25.7 plus or minus 2.1 microMolar [1-LM-TXT]. 
5.7.1. figure9.tif.  TEXT Overlay: KD of 25.7 ± 2.1 μM
6. Conclusion (said by authors on camera)
6.1. Graeden Winkelaar: While attempting this procedure, it’s important to remember to use identical acquisition and processing conditions.  Generally, individuals new to this method will struggle because of access to isotope labelled protein samples for collection of NMR spectra [1-MED].

6.1.1. Graeden speaks towards the camera (looking just off-camera), interview style.  

6.2. Graeden Winkelaar: The implications of this technique extend toward therapy of cancer, infection, or neuro-degenerative disease, because they involve formation of protein interactions that are compromised in disease [1-MED].
6.2.1. Graeden speaks towards the 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:

58537_Overduin_Figure8A-8D – Authors, please provide a separate version of figure 8 with only panels A-D.  Please omit the A, B, C, and D labels but keep the panels in the same order as in the original figure.   
58537_Overduin_Figure8E – Authors, please provide a separate version of figure 8 with only panel E.  Please omit the E label. 
figure9.tif
SCREEN Capture Movies:
Authors, please upload to: http://www.jove.com/files_upload.php?src=17853833
58537_Overduin_SCREEN_2.2.1: Screen capture movie as talent creates a new dataset using the “edc” command and loads standard 1H NMR parameters by selecting the experiment “ZGPR.” 
58537_Overduin_SCREEN_2.3.1: Screen capture movie as talent fills in the NAME, EXPNO and PROCNO fields.  Talent selects the solvent in the “Set solvent” field and clicks on “Execute ‘getprosol’”. 
58537_Overduin_SCREEN_2.4.1: Screen capture movie as talent types the command “lock” and waits until it is finished sweeping and achieves lock.   
58537_Overduin_SCREEN_2.5.1: Screen capture movie as talent types in the command “atma” and monitors the wobble curve.
58537_Overduin_SCREEN_2.6.1: Screen capture movie as talent uses the “topshim” command.
58537_Overduin_SCREEN_2.8.1: Screen capture movie as talent adjusts the receiver gain with “rga” command to achieve maximum signal to noise ratio.
58537_Overduin_SCREEN_2.9.1: Screen capture movie as talent places the center of the spectrum on the water resonance offset (o1) and sets the 90 degree proton pulse (p1) at high power using “calibo1p1”.
58537_Overduin_SCREEN_2.10.1: Screen capture movie as talent types in “zg” and “efp”. 
58537_Overduin_SCREEN_2.11.1: Screen capture movie as talent applies “apk” and “absn” using the polynomial without integration option.
58537_Overduin_SCREEN_2.12.1: Screen capture movie as talent creates a new dataset for the SOFAST HMBC experiment by selecting “SFHMQC3GPPH” in experiment.
58537_Overduin_SCREEN_2.13.1: Screen capture movie as talent copies optimized P1 and O1 from proton spectrum and populates P1 dependent pulses by using command “getprosol 1H p1 plw1”, where p1 is the optimized P1 value and plw1 is the power level for P1.
58537_Overduin_SCREEN_2.15.1: Screen capture movie as talent extracts the first FID from the two-dimensional spectrum and looks for the observed signal.  Then talent demonstrates how to vary D1, NS, and DS to obtain acceptable signal sensitivity with command “gs.”   
58537_Overduin_SCREEN_3.1.1: Screen capture movie as talent sets the processing parameters to the size of the direct F2 and indirect F1 dimensions of the spectrum using “SI F2=2048, F1=512” with optional linear prediction in indirect dimension.  Then talent selects “QSINE” as the WDW and enters a SSB of 2.  
58537_Overduin_SCREEN_3.2.1: Screen capture movie as talent enters in the command “xfb” to process the data.  Then talent uses the command “apk2d.”  
58537_Overduin_SCREEN_3.3.1: Screen capture movie as talent types in “abs2” to correct the baseline.
58537_Overduin_SCREEN_3.4.1: Screen capture movie as talent demonstrates using the command “wpar” and “rpar.”
58537_Overduin_SCREEN_4.1.1: Screen capture movie as talent enters the command “pp”.  Then, talent defines the ppm range and minimum intensity/maximum number of peaks based on expected peaks.  Talent clicks OK.
58537_Overduin_SCREEN_4.2.1: Screen capture movie as talent inspects the results of the peak picking.  Move the cursor around the screen to check peaks.
58537_Overduin_SCREEN_4.3.1: Screen capture movie as talent generates a peaklist with the “pp” command and then uses the cursor to point out the data height and peak intensity.
58537_Overduin_SCREEN_4.4.1: Screen capture movie as talent inspects the HSQC spectra for changes in peak intensities and movement by moving the cursor around the screen to check peaks.   
58537_Overduin_SCREEN_4.5.1: Screen capture movie as talent clicks on the “peaks” tab and selects “import” with a right click in the peaks window.
58537_Overduin_SCREEN_4.7.1: Screen capture movie as talent clicks on “reset intensities” for “complete table” to generate a peaklist for the spectrum including intensities.  
58537_Overduin_SCREEN_4.8.1: Screen capture movie as talent selects the “Export” function.
58537_Overduin_SCREEN_4.9.1: Screen capture movie as talent calculates the change in peak intensities with the function “peak intensity in complex spectrum/peak intensity in protein spectrum” for each peak.  
58537_Overduin_SCREEN_4.10.1: Screen capture movie as talent demonstrates where to find the values for the peak volumes and intensities, using the cursor to point them our or highlight them.
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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