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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. Done.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   No



Current Protocol Length

Number of Steps:  24
Number of Shots:  45 (16 SC)

Introduction

1. Introductory Interview Statements

NOTE to VO talent: Please record the introduction and conclusion statements
REQUIRED: 
1.1. This protocol describes sample preparation and data reduction required for successful neutron spin echo studies of collective membrane fluctuations of relevance to biological functions and practical applications of lipid membranes. 
1.1.1. 2.2.3, 4.1.2.

1.2. NSE directly accesses membrane dynamics on the nanosecond timescales of key membrane functions, with the unique advantage of isotope sensitivity for probing selective membrane features inaccessible with other techniques. 
1.2.1. LABMEDIA Figure: 1B.


OPTIONAL:
1.3. Studies of membrane dynamics on the nanoscale are central to understanding the molecular mechanisms underlying membrane  properties and membrane-protein interactions implicated in various  cell pathologies.   
1.3.1. LABMEDIA Figure: 2 A.

1.4. The method provides researchers new to NSE with detailed guidelines on designing, preparing, and characterizing lipid vesicles for successful experiments and subsequent data reduction, analysis, and interpretation.   
1.4.1. 3.8.2, 4.11.1.


Introduction of Demonstrator on Camera

1.5. Demonstrating the procedure will be Teshani Kumarage and Julie Nguyen, a graduate student and an undergraduate student from the laboratory.   
1.5.1. INTERVIEW: Author saying the above. 
1.5.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Protocol
2. Preparation of Lipid Suspension for Extrusion
2.1. Working inside a hood, prepare the lipid suspension by dissolving accurately weighed lipids [added 0] in 1 milliliter of solvent with manual mixing [1]. Dry the lipid solution by gently streaming an inert gas in the vial while slowly rotating it at an angle [2].
2.1.0   Added shot: Talent weighing lipids
2.1.1. WIDE: Working under a hood, talent dissolving lipids in solvent. 
2.1.2. Talent drying the lipid solution.

2.2. To thoroughly remove the residual solvent, place the vials overnight in a vacuum oven at 35 degrees Celsius [1]. On the next day, hydrate the lipid film with 2 milliliters of heavy water to obtain a lipid concentration of 50 milligrams per milliliter [2-TXT] and vortex the hydrated lipid suspension [3] until the lipid film is fully dissolved [added 4].
2.2.1. Talent placing vial in vacuum oven.
2.2.2. Talent adding heavy water to vial. TEXT: Heavy water: D2O. Alternatively use D2O-buffer 
2.2.3. Talent mixing lipid suspension. 
2.2.4. Final product being filmed

2.3. Next, perform five freeze-thaw cycles by storing the vial of hydrated lipid suspension at minus 80 degrees Celsius until frozen [1] and then transferring it to a 35-degree Celsius water bath to thaw the lipid suspension [2]. Vortex the thawed suspension until homogenous before proceeding to the next cycle [3].
2.3.1. Talent placing vial in deep freezer.
2.3.2. Talent placing vial in water bath.
2.3.3. Talent vortexing the suspension.

3. Extrusion of Hydrated Lipid Suspension
3.1. Before starting the experiment, assemble the extruder setup using a polycarbonate membrane between two membrane supports [1] and add two paper filters on each side to provide additional support [2]. 
3.1.1. WIDE: Talent working with the extruder.
3.1.2. Talent adding filter paper on the two membrane supports, with the help of D2O droplets to secure the filter papers in place.. Videographer NOTE: 3.1.2 and 3.1.3 are combined in one shot
3.1.3. Added shot: Talent adding polycarbonate membrane and assembling the extruder setup.

3.2. Use airtight glass syringes to hydrate the polycarbonate membrane by passing 0.3 milliliters of heavy water through the membrane assembly several times [1]. 
3.2.1. Talent inserting syringes with buffer and passing water in extruder.

3.3. After hydrating the membrane, insert a 1-milliliter gas-tight syringe with the prepared milky-white-colored lipid solution into one end [1] and an empty syringe into the opposite end of the extruder apparatus [2]. Once the syringes are connected, place the assembly into the extruder block [3].
3.3.1. Talent inserting syringe containing the  sample, with sample in a labelled vial  visible. Videographer NOTE: 3.3.1 and 3.3.2 are combined in one shot	
3.3.2. Talent inserting empty syringe on opposite end.
3.3.3. Talent placing the assembly in extruder block, attached to a programmable syringe pump with an aluminum frame 

3.4. Program the pump by holding down the Rate button to enter the extrusion rate [1-TXT] and press the Diameter button to enter the syringe diameter [2-TXT]. Then, press Withdraw until the light turns on [3]. Press Start and wait for the sample to start dispensing into the empty syringe [4]. Videographer: This step is important!
3.4.1. Rate button held, and extrusion rate being entered. TEXT: Extrusion rate 50.99 mL/h Videographer NOTE: 3.4.1-3.5.1 are combined in one shot
3.4.2. Syringe diameter being entered. TEXT: Syringe diameter 4.606 mm
3.4.3. Withdraw button pressed to turn on the light.
3.4.4. Start button pressed. Shot of sample in empty syringe.

3.5. Hit the Stop button just before the sample syringe is fully empty [1] and hold the Rate button until phase 1 appears on the screen [2]. Keeping the withdraw light off, press the Volume button to enter the dispensed volume recorded earlier [3].
3.5.1. Stop button being pressed. Note down the extruded volume. Shot of the sample syringe. Use 3.4.1
3.5.2. Rate button held and PH:01 appeared on screen. 
3.5.3. Withdraw light being turned off and volume button being pressed and enter the value of extruded volume. Videographer NOTE: 3.5.3-3.6.2 are combined in one shot: 3.7.1-2

3.6. Press the Rate button again and use the rightmost up arrow to access phase 2 [1]. Press Volume to enter the same value of the dispensed volume recorded earlier. In this phase, press the Withdraw button until the Withdraw light is on [2]. 
3.6.1. Rate button pressed and PH:02 being accessed.
3.6.2. Volume button being pressed, enter the value of extruded volume and Withdraw light turned on.

3.7. Repeat the cycle for phase 3 by pressing the Volume button until LP:SE appears on the screen and set it to 20 [1]. Finally, press the Rate button, access phase 4, and hit the Volume button to get to the Stop function to finish the pump set up [2]. 
3.7.1. Rate button being pressed, arrow to PH:03, LP:SE being set to 20. Videographer NOTE: 3.7.1-3.7.2 are combined in one shot
3.7.2. Rate button being pressed, arrow to PH:04, Stop function being used.

3.8. After the pump is programmed, press Start to begin the extrusion cycle [1]. Perform 15 to 20 extrusion cycles before collecting the transparent opal blue extruded lipid suspension in a clean vial for measurements [2].
3.8.1. Talent pressing Start tab.
3.8.2. Talent collecting extruded liquid in the vial.

4. Reduction of The Collected Data
4.1. [bookmark: _Hlk68546445]Open the DAVE software [1] and select Reduce NSE Data from the data reduction menu. Upload the data files over different Q-values using the Open.echo Files from the file menu. The uploaded files will show up under the available data sets [2].
4.1.1. WIDE: Talent at the computer. Videographer: Obtain a few shots of talent clicking the mouse and typing on the keyboard to use as b-roll throughout the video.
4.1.2. SCREEN: 62396_Screenshot 1.mp4.  0:06-0:28. 

4.2. Right-click on the selected file and label it according to the measurement it corresponds to, like Sample, Cell or Resolution [1-TXT].
4.2.1. SCREEN: 62396_Screenshot 1.mp4. 0:29-0:42. TEXT: Cell for empty cell or buffer Video Editor: Feel free to speed up the clip after ‘resolution’ is clicked.

4.3. Using the Data Set tab, group the detector pixles in 2 by 2 to improve the signal-to-noise ratio. Apply the same binning to all files of Resolution, Cell, and Sample [1].
4.3.1. SCREEN: 62396_Screenshot 2.mp4. 0:02-0:25. Video Editor: Feel free to speed up the clip after ‘apply binning to all data’ is clicked for first file.

4.4. Inspect the data over all pixel groups and mask those with poor signals by pressing the m key on the keyboard [2]. Press Enter to access a pop-up window to apply the same mask to all Fourier times. Masked pixels will turn green [3]. 
4.4.1. SCREEN: 62396_Screenshot 3.mp4. 0:02-0:56. Video Editor: Feel free to speed up the clip after ‘apply binning to all data’ is clicked for first file. 

4.5. [bookmark: _Hlk70489561]Ensure that the collected data is in the form of an echo signal. Start fitting the resolution file from the uploaded file list by right-clicking on the desired file and selecting Fit Operations: Fit Echoes Resolution from the pop-up menu [1]. Ensure that the fits of the echo signals yield several fitting parameters [2]. 
4.5.1. SCREEN: 62396_Screenshot 4.mp4. 0:01-0:08. 
4.5.2. SCREEN: 62396_Screenshot 4.mp4. 0:28-0:40. 

4.6. To inspect the error associated with each fitting parameter over the entire detector, select Image Options and then select the fitting parameter of interest [1]. Then, right-click on the detector image to access a pop-up window showing an error bar map [2].
4.6.1. SCREEN: 62396_Screenshot 5.mp4. 0:01-0:04. 
4.6.2. SCREEN: 62396_Screenshot 5.mp4. 0:05-0:08. 

4.7. If the fit over a specific pixel is unsatisfactory, refit the signal over that pixel by selecting it, pressing the Fitting tab, and then pressing Fit Pixel. Input new starting parameters for the phase and period in the Fitting tab [1].
4.7.1. SCREEN: 62396_Screenshot 6.mp4. 0:02-0:20. 

4.8. Reduce the Sample file by selecting the corresponding file from the uploaded and labeled file list, inspect all pixels and mask the poor ones as described above [1]. Then, right-click on the file and select Fit Operations: Import Phases [2]. 
4.8.1. SCREEN: 62396_Screenshot 7.mp4. 0:01-0:13. 
4.8.2. SCREEN: 62396_Screenshot 8.mp4. 0:02-0:08. 

4.9. For the Resolution file, fit the echo signals as described before, with the values of the period unchanged and echo phase point imported from the Resolution fits [1]. Input the beam center for all data files by accessing the General tab and entering X and Y beam center values [2]. 
4.9.1. SCREEN: 62396_Screenshot 4.mp4. 0:28-0:40. 
4.9.2. SCREEN: 62396_Screenshot 9.mp4. 0:01-0:18. 

4.10. Once the fits are complete, calculate the normalized intermediate scattering function by clicking right on the desired Sample file from the list of fitted files and selecting Calculate I(Q) from the pop-up menu [1]. 
4.10.1. SCREEN: 62396_Screenshot 10.mp4. 0:01-0:06. 

4.11. Enter the required information for the Resolution and Cell files and the number of Q-arcs in the pop-up window, then press OK to view results [2].
4.11.1. SCREEN: 62396_Screenshot 11.mp4. 0:01-0:18. 

4.12. Finally, save the data of the entire session in the desired folder [1].
4.12.1. SCREEN: 62396_Screenshot 12.mp4. 0:03-0:25. Video Editor: Feel free to speed up the clip.


Results
5. Results: Analysis of Liposomal Suspensions with Different Deuteration Schemes
5.1. In the study, the NSE measurements of liposomal samples prepared with different deuteration schemes were carried out [1]. 
5.1.1. LAB MEDIA: Figure 5.

5.2. NSE measurements of membrane bending fluctuations are performed on fully contrasted liposomes [1]. 
5.2.1. LAB MEDIA: Figure 5 A. 

5.3. This deuteration scheme results in a large scattering length difference between the membrane core and deuterated fluid environment, significantly enhancing the scattering signal from the liposomal membranes [1] and improving the measurement statistics of bending dynamics [2]. 
5.3.1. LAB MEDIA: Figure 2 A. Video Editor: Emphasize on the left panel.
5.3.2. LAB MEDIA: Figure 5 C.

5.4. On the other hand, NSE measurements of membrane thickness fluctuations of liposomes show deviations relative to the  dependence of bending fluctuations [1]. To isolate the thickness fluctuation signal, the obtained signal is divided by  [2] and the excess dynamics are fitted to a Lorentzian function in  [3].
5.4.1. LAB MEDIA: Figure 5 B.
5.4.2. LAB MEDIA: Figure 5 D.
5.4.3. LAB MEDIA: Figure 5 D. Video Editor: Emphasize the curve.

Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

NOTE to VO talent: Please record the introduction and conclusion statements
6.1. This method is contingent on good quality data, which is more achievable with samples of high concentrations and strong scattering signals. 
6.1.1. 4.10.1


6.2. The dynamics probed by NSE can be synergistically explored by deuterium NMR relaxometry and molecular dynamics simulations to illustrate how molecular lipid structures and packing motifs influence membrane functions.   
6.2.1. 2.2.2


6.3. NSE studies on lipid membranes shed new light on membrane biophysics, the intricate relations of membrane structure and dynamics, and how they impact membrane functions and membrane-protein interactions. 
6.3.1. 2.1.2
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