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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?    NO

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   NO

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  19
Number of Shots:  42

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. LAURA-ROXANA STINGACIU: In the following protocol I will presents how to setup an Neutron Spin Echo experiment in order to measure the intermediate scattering function and investigate the dynamics of proteins in solution. 

REQUIRED: What is the main advantage of this technique?
1.1. LAURA-ROXANA STINGACIU: The main advantage of Neutron Spin Echo spectroscopy is its ability to look at rearrangements of proteins domains and sub-domains on the pico-to-nanosecond time scale, which is the range of slow motions in proteins, in their nearly natural environment and in crowded protein solution.  
1.2. Neutron spin echo has also the big advantage of sensitivity to isotopic configuration which allows very specific and targeted studies using contrast-matching. 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.1. LAURA-ROXANA STINGACIU: insights into protein domain dynamics is a major part of biophysical research, in the ongoing, difficult task to relate the proteins domain motions with their biological functionality.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.1. LAURA-ROXANA STINGACIU:  The protocol presented here can be generally applied to any neutron spin-echo measurement performed at the SNS-NSE spectrometer, regardless of your choice of samples (biomaterials, polymers, etc.) all within the realm of soft-matter materials. 

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.1. LAURA-ROXANA STINGACIU: We know spin-echo is a complex technique and it can be very intimidating, but here, at the SNS-NSE spectrometer, you will get full support from the spectrometer team to complete your measurements in a timely manner and achieve the best results possible. 


1.2. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Measurement of NSE
2.1. To set up the experiment, begin by selecting the thickness of the cell sample loading based on the concentration of the protein sample, the temperature needed for measurement, and the amount of solution available [1]. 
2.1.1. Talent selecting the thickness of the cell sample 
2.2. Clean the cell with phosphate-free dish detergent, deionized water, and 70 percent ethanol [1]. Dry the cell in the convection oven [2]. Load 4 milliliters of protein solution into the cell [3] and close with caps [4]. 
2.2.1. Talent cleaning the cell.
2.2.2. Talent drying the cell.
2.2.3. Talent loading protein solution into the cell.
2.2.4. Talent closing the cell with cap.
2.3. Use wax film or any sealant to seal the sample cells [1]. Load 4 milliliters of dialysis buffer into an identical container as the protein sample [2] and seal [3]. 
2.3.1. Talent using wax film to seal the sample cells.
2.3.2. Talent loading dialysis buffer.
2.3.3. Talent sealing the container.
2.4. Transport samples to the beamline [1], close the shutter [2], and enter the spectrometer enclosure cave area [3]. 
2.4.1. Talent transporting sample into the beamline.
2.4.2. Talent closing the shutter.
2.4.3. Talent entering the spectrometer enclosure cave area
2.5. Mount the sample cell on the aluminum sample holder by tightening the screws and the holding plates [1]. Mount the graphite sample and aluminum oxide powder sample loaded in an identical container as the protein sample [2].
2.5.1. Talent mounting the sample cell on the aluminum sample holder.
2.5.2. Talent mounting the graphite and the aluminum oxide powder.
2.6. Place the sample holder by gently sliding it into the can of the temperature forcing system [1]. Close the temperature forcing system lid [2] and set the temperature to the desired value by accessing the interactive screen of the temperature forcing system [3].
2.6.1. Talent placing the sample holder by sliding in TFS.
2.6.2. Talent closing the lid of TFS.
2.6.3. Talent setting the temperature value in the TFS screen.
2.7. Mount the neutron camera for the alignment of the samples to the beam [1]. To Collect the neutron spin echo spectroscopy data, align the sample in the neutron beam using the neutron camera and the four independent sample apertures [2].
2.7.1. Talent mounting the neutron camera for alignment of samples to the beam.
2.7.2. Talent aligning the sample in the neutron beam.	Comment by Laura-Roxana Stingaciu: This step is also done in a computer and a recording is provided for it. 
[bookmark: _Hlk104305332][bookmark: _Hlk104305465][bookmark: _Hlk104304699]Use movie entitled Neutron_camera.mp4: The software of the neutron camera is opened by clicking on the software icon “FlyCapture” at the bottom of the screen (Timestamp 00:07). Once the software window is open, click on Settings and select Toggle Camera Control Dialog to set the best parameters for sample visualization. The assisting Instrument Scientist will advise you on the values of the parameters to enter. After entering the correct parameters, a neutron live picture of your sample will appear in the window (Timestamp 00:47). The field of view can be adjusted to focus on the sample only (Timestamp 00:57-01:03) and the photo can be saved if desired (Timestamp 01:05). Exit the software when you’re done (Timestamp 01:12-01:18)
2.8. Open the Spallation Neutron Source -neutron spin echo spectroscopy data collection software [1] and collect sample statistics by running diffraction scans for the desired scattering angles and wavelength [2].
2.8.1. SCREEN: To be provided by authors: Software being opened.
Authors: Please create the screen capture videos for the shots labeled as SCREEN and upload them to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=18867958
[bookmark: _Hlk104286205][bookmark: _Hlk104305551][bookmark: _Hlk104305798][bookmark: _Hlk104305816]Use movie entitled: StartNSE_and_diffraction.mp4:  Open the spectrometer data acquisition software by double click on the icon NSE Control (Timestamp 00:03). Two terminal windows are being opened: the blue window is the command input window while the yellow window is the command generated control output. Next, open the spectrometer parameters monitor by double click on the green icon NSE Monitor (Timestamp 00:19). The NSE green Monitor contains all the active parameters of the spectrometer like currents, motor positions, choppers, superconducting solenoids temperatures, sample aperture position, as well as scanning parameters like q’s, tau’s and wavelength (Timestamp 00:19 - 00:39). 
2.8.2. SCREEN: To be provided by authors: Diffraction scans are being run.
[bookmark: _Hlk104286626]Use same as above movie entitled: StartNSE_and_diffraction.mp4: To start a diffraction measurement, in the blue command input window type the diffraction command (Timestamp 00:39 - 01:12) and press enter. The parameters in the diffraction command will be explained to you locally by the assisting Instrument Scientist. Same can be done for any command to be executed by the NSE spectrometer. The Instrument Scientist will provide you with the list of most needed executable commands.  
2.9. Set up the measurement parameters based on the statistics collected for each sample by editing the measurement macros provided by the assisting Instrument Scientist [1].
2.9.1. SCREEN: To be provided by authors: Measuring parameters are being entered.
[bookmark: _Hlk104306808][bookmark: _Hlk104306930]Use movie entitled: Edit_scan_parameters.mp4:  To scan echoes, you need a measurement macro. This is a collection of commands to be executed by the spectrometer. The Instrument Scientist provides you with a template macro.  To open the macro type “emacs macro_name” at the command prompt in the terminal window (Timestamp 00:10-00:25) (Emacs is a text editor). Some of the most important parameters like Sample name, q’s, Fourier time, wavelength and scanning time for each phase point can be entered in the macro at the correct position (Timestamp 00:30-01:30). After editing, save the macro by pressing the green save button at the top menu (Timestamp 01:31).
2.10. Start scanning by typing the protocol name at the command prompter and acquiring echoes for the sample [1].
2.10.1. SCREEN: To be provided by authors: Scanning is being started.
To start scanning type the name of the previously edited macro in the blue input window, and press enter (Timestamp 01:40-02:05).
2.11. Start scanning and acquire echoes also for the elastic reference and the buffered solvent [1]. Perform intermittent beam shutter operation for the sample change [2].
2.11.1. SCREEN: To be provided by authors: Scanning is being started and echoes are being acquired.
2.11.2. Talent performing beam shutter operation for sample change.	Comment by Laura-Roxana Stingaciu: DELETE THIS STEP: This entire step is redundant, and it should be completely deleted. …is a repetition of steps 2.4.2. - 2.7 and needs to be repeated for each new sample mounted in the beam. Users at spin echo usually have many samples to measure and repeat the same protocol for each sample.
3. NSE Data Reduction
3.1. Log in to Neutron Sciences Remote Analysis Cluster with the ORNL user credentials [1] and press the Launch Session button [2]. 
3.1.1. SCREEN: To be provided by authors: Cluster is being logged in.
[bookmark: _Hlk101796166][bookmark: _Hlk101793180]Use movie entitled: 3p1to3p3.mp4 from Timestamp 00:59 – 01:14 a browser of your choice is being opened and the name of the SNS analysis cluster is being typed then press enter. 
3.1.2. SCREEN: To be provided by authors: ‘Launch Session’ button is being pressed.
[bookmark: _Hlk101793438]Use movie entitled: 3p1to3p3.mp4 from Timestamp 01:14 – 01:30 “Launch Session” button is being pressed; the page request entering the ORNL XCAM credentials (user and password). After entering credentials “Login” button is being pressed.
3.2. In the user directory, open a terminal window [1] and type the software setup command [2]. Next type the environment command [3].
3.2.1. SCREEN: To be provided by authors: Terminal window is being opened.
[bookmark: _Hlk101793534][bookmark: _Hlk101793524][bookmark: _Hlk101793674]In the movie entitled 3p1to3p3.mp4 from Timestamp 01:40 - 01:49 a Linux terminal window is being opened followed by…
3.2.2. SCREEN: To be provided by authors: The software setup command is being typed. Video Editor: Emphasis the following command on the screen: source/SNS/software/nse/etc/setup_nse.sh.
[bookmark: _Hlk101793797]In the movie entitled 3p1to3p3.mp4 from Timestamp 01:49 - 02:00 the Quick Guide to reduction software is being opened as support. The Quick Guide contains the most important commands for the data reduction, and it will be provided to you (user).
[bookmark: _Hlk101795001][bookmark: _Hlk101793967][bookmark: _Hlk101794053]At time stamp 02:00 - 02:17 the command “source….” Is being copied from the Quick Guide and paste into the terminal window then press enter.
3.2.3. SCREEN: To be provided by authors: The command is being entered. Video Editor: Emphasis the following command on the screen: drspine_create_env.sh
Similarly, at time stamp 02:17-02:40 the command “drspine…” Is being copied from the Quick Guide and paste into the terminal window then press enter. The system takes couple of seconds and when the prompt is flashing back in the terminal window the data reduction environment has been created
3.3. Create a folder for the data reduction in the home directory [1] and copy the provided scripts and macros from the shared directory [2]. 
3.3.1. SCREEN: To be provided by authors: A folder in the home directory is being created.
[bookmark: _Hlk101794535][bookmark: _Hlk101794582]Continuously, in the same movie, from time stamp 02:40 the user home directory is being open, and a new folder is created named “protein_test” at time stamp 03:10. (I recommend letting the movie running).
3.3.2. SCREEN: To be provided by authors: Scripts and macros from the shared directory are being copied.
[bookmark: _Hlk101794779]Continuously, in the same movie, from time stamp 03:24 on…, the directory is changed to the shared directory and the macros are copied in the work directory at time stamp 03:50 – 03:58. 
Following this, the macros properties are being modified for read-and-write permission. This last from time stamp 03:58 – 04:50 (in the interest of time it can be deleted if needed).
[bookmark: _Hlk101795261][bookmark: _Hlk101795179]At time stamp 05:00 – 05:38 the directory is changed withing the terminal window to reach the working directory “protein_test”. The content of the directory is read with emphasis on the 4 items present in the folder. Recording ends at time stamp 05:40.
[bookmark: _Hlk102047702]From time stamp 05:40 – till the end is just transition and needs to be deleted (sorry I don’t have a program to crop this part). 
3.4. Edit [1], rename [2], and save the reduction macro provided accordingly [3]. 
3.4.1. SCREEN: To be provided by authors: The reduction macro is being edited.
Here, please switch to the movie entitled 3p4to4p2.mp4,             from Timestamp 00:22 – 03:37 the macro is being edited with the most important parameters like the echo file numbers for resolution, buffer and sample measurements, the transmission factor, as well as the collection protocol with volume fraction and a data file name for the reduction output. 
3.4.2. SCREEN: To be provided by authors: The reduction macro is being saved.	Comment by Laura-Roxana Stingaciu: DELETE THIS STEP: This is redundant , please delete this step.
3.4.3. SCREEN: To be provided by authors: The reduction macro is being saved.
[bookmark: _Hlk101796710]The reduction macro is being saved at time stamp 03:37
3.5. Type drspine at the command prompter [1] and press enter to start the software reduction environment [2].     
3.5.1. SCREEN: To be provided by authors: ‘drspine’ Is being typed in the command prompter.
At time stamp 04:07 ‘drspine’ is being typed in the command prompter
3.5.2. SCREEN: To be provided by authors: ‘Enter’ is being pressed.
[bookmark: _Hlk101796963]At time stamp 04:15 ‘Enter’ is being pressed. You are now within the reduction environment and the prompt has changed. 
3.6. Type the name of the reduction macro in the command prompter within the software environment [1] and press Enter [2].
3.6.1. SCREEN: To be provided by authors: The name of the reduction macro is being typed in the command prompter.
At time stamp 04:25 the name of the previously edited reduction macro is entered in the command prompter. 
3.6.2. SCREEN: To be provided by authors: ‘Enter’ is being pressed.
[bookmark: _Hlk101797434][bookmark: _Hlk101797235]At time stamp 04:27 ‘Enter’ is being pressed and the software begin to reduce data. It may take several minutes depending on the amount of echo files you are reducing and the size of the files. Here it takes till time stamp 05:23.
From time stamp 05:23 - on    the reduction software is being quit and the content of the folder is being refreshed with emphasis at time stamp 05:37 on the new file created by the reduction process. In this file you will find your reduce data.  
4. NSE Data Fitting
4.1. Edit the python script provided by the assisting Instrument Scientist, with the names of the reduced file data [1]. Edit the function to fit from the library provided [2].
4.1.1. SCREEN: To be provided by authors: Script name is being edited.	Comment by Laura-Roxana Stingaciu: This step should be renamed by:  Script is being edited with data file names.
[bookmark: _Hlk101797663]At time stamp 05:50 the python script entitled stapler_drspine.py is being opened and edited. First scroll down to the end of the script and edit the name of the data file within the main function of the script. This is done continuously from 05:50 – 06:45.
4.1.2. SCREEN: To be provided by authors: Function is being edited.
[bookmark: _Hlk101797997]At time stamp 06:45 the function to fit is being edited, called model. The user can select from a diverse library of functions coded in the beginning of the script. At time stamp 07:05 scroll up in the beginning of the script and see all the functions. Select the name of function you need for fitting: here normalized diffusion function is selected at time stamp 07:07. Scroll back down and enter the name of the model in the main function at time stamp 07:22. 

4.2. Type the name of the edited script at the command prompter [1] and press Enter to read, fit, and plot reduced NSE data [2].   
4.2.1. SCREEN: To be provided by authors: The name of the edited script is being entered in the command prompter.
[bookmark: _Hlk101798130]Continuously in the same movie, at time stamp 07:32 the script is being saved, the terminal window is being refreshed and the name of the script is entered at the command prompter 07:48. This is a python executable file. 

4.2.2. SCREEN: To be provided by authors: Enter is being pressed.
[bookmark: _Hlk101798630]Press “enter” at time stamp 07:49. Data are being fitted and 2 figures are created at time stamp 08:08. Figure 1 is described at time stamp 08:15 – 08:30 represents the resulting intermediate scattering functions fitted by normalized diffusion model for each scattering vector Q. Figure 2 at time stamp 08:30 - on represents the calculated effective diffusion coefficients as a function of the scattering vector Q. 
Back in the terminal window, at time stamp 08:43 the result of the fitting is displayed in columns representing scattering vector with statistical errors, effective diffusion coefficients with statistical errors and other fitting parameters. These can be copied and used for further data analysis.  
The movie should stop at time stamp 09:00.



Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

2.1   2.4   2.5   2.6    2.7   2.8




Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 122. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

5. Results: NSE Relaxation Spectra for IgG and MBP Proteins
5.1. The intermediate scattering function measured by NSE for IgG and MBP proteins shows a clear deviation from a simple diffusion-like relaxation process on the short Fourier time scale [1], indicating the accessibility of protein internal dynamics by NSE and the need for a more complex model to describe the observed dynamical processes [2].
5.1.1. LAB MEDIA: Figure 3 (Left Image) Video Editor: Emphasize the area marked in a black oval in the top left of the figure
5.1.2. LAB MEDIA: Figure 3 (Left Image)
5.2. The results of intermediate scattering function calculations fitted by atomic modelling of both proteins using models developed by Biehl, were in excellent agreement with the experimental NSE data [1].
5.2.1. LAB MEDIA: Figure 3 (Right Image) Video Editor: Emphasize the label on the y-axis of the figure
5.3. The results proved that slower dynamics observed at longer Fourier times can be attributed to the overall translational and rotational diffusion processes [1], while the dynamics observed at the short time scales can be attributed to the dynamics of protein domains [2].
5.3.1. LAB MEDIA: Figure 3 (Right Image) 
5.3.2. LAB MEDIA: Figure 3 (Right Image) Video Editor: Emphasize the area marked in a black oval in the top left of the figure



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
6.1. Laura-Roxana Stingaciu: (step 2.2) One important thing to remember is the need of well prepared and clean samples for NSE measurements. Please be very careful so that your sample cells are clean and that during sample preparation and sample loading into the NSE cells, your sample solution is kept safe and free from any chemical or biological cross-contamination 
6.2. Laura-Roxana Stingaciu: (step 2.4) At SNS we strongly emphasize safety, and we welcome a safe and questioning attitude. As part of this, the entrance in the spectrometer enclosure should only be attempted after shutter is closed and an additional 1/2h time has been allowed for radiation cooling of the enclosure. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.3. Laura-Roxana Stingaciu: Small angle neutron or x-ray scattering is necessary and recommended to assess the shape and the structure of proteins in concentrated solution. It can be done before, after, or simultaneously with the NSE experiment. Additional methods like Dynamic Light Scattering and viscosity measurements provide information about the translational diffusion and the hydrodynamic interactions within the concentrated protein solution and are also recommended.   
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.4. Laura-Roxana Stingaciu: Since its development Neutron Spin Echo has revolutionized high resolution dynamical studies in biomaterials using neutrons, since the slow dynamics in biomaterials manifests as the survival time of correlation between atomic position or spin orientations, so called relaxation processes, which regularly happen in the time range of ten-to-hundreds of nanoseconds and there’s no other neutron scattering method that extends to that resolution.


Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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