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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.5., 3.5., 3.11.-3.13., 4.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.9., 3.11. The single most difficult aspect is assembling the mini-extruder for preparation of liposomes. To ensure success, test the seal of the assembled mini-extruder with buffer first to see if there is any leakage. If there is, repeat assembly steps
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Richard Chi: SNX-BARs are membrane remodeling proteins that play key roles in human disease. Using our methods, we can determine their precise biophysical properties to facilitate lipid binding and membrane remodeling [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Chris Burd: Purifying SNX-BAR proteins from yeast cells allows the acquisition of native homo- and hetero- SNX-BAR dimers while minimizing the toxicity and insolubility frequently encountered with non-native expression systems [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Richard Chi: Our methods can be used to understand the lipid specificities of all yeast SNX-BARs or to produce recombinant SNX-BAR proteins from any other organism [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Mandi Ma: A correct extruder assembly is essential to preventing liposome loss during the extrusion [1]. 

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.5. Shreya Goyal: For beginning students or for those new to the field, visually observing the most critical steps will greatly improve your chance of success [1].      

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Yeast Induction and Sorting Nexin-Bin-Amphiphysin-Rvs (SNX-BAR) Dimer Purification
2.1. Begin by inoculating a large swab of yeast cells into a flask at least 4 times the volume of the culture containing 50 milliliters of standard YP (Y-P) medium supplemented with 2% raffinose and 0.1% glucose as a carbon source [1-TXT] and grow the culture overnight in a 30-degree Celsius shaker [2].
2.1.1. WIDE: Talent adding yeast to flask, with YP, raffinose, and glucose containers visible in frame TEXT: YP: yeast extract and peptone
2.1.2. Talent placing flask into shaker

2.2. The next morning, inoculate the 50-milliliter preculture in 1 liter of standard YP medium with 2% raffinose and 0.1% glucose [1] in a 2.8-lilter-volume, baffled Fernbach flask for a 4-5-hour culture in the shaking incubator [2].

2.2.1. Talent adding preculture to flask
2.2.2. Flask shaking on shaker

2.3. When the optical density at 600 nanometer reaches 0.2 [1], add 2% galactose to the cells for an overnight culture in the shaking incubator [2].

2.3.1. Talent adding sample to spectrophotometer 
2.3.2. Talent adding galactose to flask

2.4. The next morning, harvest cells by centrifugation [1-TXT] and transfer the yeast pellet into a 50-milliliter conical tube [2-TXT].

2.4.1. Talent adding tube(s) to centrifuge TEXT: 15 min, 4500 x g, RT
2.4.2. Shot of pellet if visible, then pellet being transferred to tube TEXT: Optional: Pellet can be stored at -80 °C after this step

2.5. Resuspend the pellet in 15 milliliters of purification buffer to achieve a final volume of about 30 milliliters [1-TXT] and load the cell suspension onto a homogenizer chilled to 4-degree Celsius [2].

2.5.1. Buffer being added to tube, with buffer container visible in frame Videographer: Important step TEXT: See text for all solution and medium preparation details
2.5.2. Cells being added to homogenizer Videographer: Important step

2.6. Lyse the samples at 20- to 25,000 pounds per square inch for 2-3 rounds [1] and transfer the lysate into a new 50-milliliter conical tube on ice [2].

2.6.1. Sample being homogenized
2.6.2. Lysate being added to tube

2.7. Immediately clear the cell lysate by centrifugation [1-TXT] and carefully transfer the supernatant into a new tube [2].

2.7.1. Talent adding tube(s) to centrifuge TEXT: 1 h, 35,000 x g, RT
2.7.2. Shot of pellet if visible, then supernatant being added to tube

2.8. Next, equilibrate 300 microliters of IgG (I-G-G) sepharose beads with three resuspensions in purification buffer [1] before adding the beads to the cleared cell lysate for a 2 hour-incubation with rotating at 4 degrees Celsius [2].

2.8.1. Talent adding buffer to beads, with bead container visible in frame
2.8.2. Beads being added to lysate

2.9. At the end of the incubation, add the beads to a 10-milliliter chromatography column [1] and allow the unbound lysate to flow through [2].

2.9.1. Talent adding beads to column
2.9.2. Shot of beads flowing through column

2.10. Wash the beads 10 times with 1 milliliter of wash buffer per wash, allowing each wash to flow through completely before adding the next volume [1].

2.10.1. Talent adding wash buffer to column, with wash buffer container visible in frame

2.11. After the last wash, use a pipette and fresh buffer to transfer the beads into a microcentrifuge tube [1]. 

2.11.1. Beads being added to tube

2.12. Bring the total volume of the beads to 500 microliters with fresh wash buffer [1] and remove the beads from the lysate with 2 microliters of 10-milligram/milliliter TEV (tev) protease for an overnight incubation with rotation at 4 degrees Celsius [2-TXT].

2.12.1. Wash buffer being added to tube, with buffer container visible in frame
2.12.2. TEV being added to tube, with TEV container visible in frame TEXT: TEV: tobacco etch virus

2.13. The next morning, use a 27-gauge needle to remove the supernatant completely [1] and assess the protein purity by 10% polyacrylamide SDS-PAGE (S-D-S-page) [2-TXT].

2.13.1. Supernatant being removed
2.13.2. Talent adding sample to gel TEXT: SDS-PAGE: sodium dodecyl-polyacrylamide gel electrophoresis

2.14. Then quantify the concentrated proteins using the Bradford protein assay according to standard protocols [1] and store the protein for up to one week at 4 degrees Celsius [2].

2.14.1. Talent opening assay kit or similar representative shot
2.14.2. Talent placing sample at 4 °C

3. Liposome Preparation

3.1. To prepare the liposomes, use glass syringes to transfer stock lipids into a clean glass culture tube [1-TXT] to achieve a final lipid mixture of 1% phosphatidylinositol 3-phosphate, 10% ergosterol, 30% phosphatidylserine, phosphatidylcholine as outlined in the Table [2]. 

3.1.1. WIDE: Talent adding lipid(s) to tube, with stock lipid containers visible in frame TEXT: See text for stock lipid calculation details
3.1.2. LAB MEDIA: Table 1

3.2. Depending on the solvents each lipid is resuspended in, the mixture may turn cloudy upon the addition of each lipid [1].

3.2.1. Shot of lipid being added to tube and solution turning cloudy

3.3. Carefully dry down the lipid mixtures by directing low flow nitrogen gas at the mixtures in a circular motion to treat the lipids uniformly at the bottom of the glass tube [1].

3.3.1. Mixture being dried with nitrogen

3.4. Then wrap the glass culture tube with foil, leaving the opening uncovered [1], and further dehydrate the lipids in a vacuum for 1 hour [2].

3.4.1. Tube being wrapped
3.4.2. Tube being placed into vacuum

3.5. At the end of the incubation, add 400 microliters of binding buffer to each vial to completely dehydrate the lipids at a final liposome concentration of 2.5-millimolar [1] before resuspending the lipids at medium speed on a vortex at room temperature for 30 minutes [2].

3.5.1. Buffer being added to vial, with buffer container visible in frame Videographer: Important step
3.5.2. Vial(s) being shaken on vortex Videographer: Important step
	
3.6. The buffer should become cloudy as the lipids are resuspended [1].

3.6.1. Shot of cloudy buffer

3.7. Transfer the resuspended liposomes to a microcentrifuge tube [1] and freeze the tubes in liquid nitrogen [2] followed by thawing in a 37-degree Celsius water bath 7 to 8 times [3].

3.7.1. Liposomes being added to tube
3.7.2. Tube being dipped into LN2
3.7.3. Tube being dipped into 37 °C

3.8. In a chemical fume hood, clean two 1-milliliter glass syringes with a full volume of chloroform three times per syringe to remove any residual lipids [1] and equilibrate each syringe with two volumes of ultrapure water [2] and two volumes of binding buffer [3].

3.8.1. Talent at fume hood, filling syringe with chloroform, with chloroform container and other syringe visible in frame  Author comment: Shots 3.8.1-3.8.3 were shot continuously
3.8.2. Syringe being filled with water
3.8.3. Syringe being filled with binding buffer, with binding buffer container visible in frame

3.9. Assemble a mini-extruder according to the manufacturer's recommendations [1] submerge one 200-nanometer membrane [2] and two pieces of filter support in individual containers of binding buffer [3].

3.9.1. Author comment: This is not a separate step. 3.9-3.11 is assembling the extruder. 
3.9.2. Membrane being submerged in binding buffer, with buffer container visible in frame Videographer: Difficult step
3.9.3. Filter support being submerged in binding buffer, with buffer container visible in frame Videographer: Difficult step

3.10. Mandi Ma: It is important to assemble the mini-extruder so that it is completely air-tight. A good way to check for leaks is to pass buffer through the device [1].

3.10.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

3.11. Sandwich the membrane between the filter supports [1] and place the membrane into the mini-extruder [2].

3.11.1. Membrane being placed between supports Videographer: Important/difficult step
3.11.2. Membrane being placed into extruder Videographer: Important/difficult  Author comment: We combined shots 3.11.1-3.11.2

3.12. Using one of the equilibrated 1-milliliter syringes, pass a volume of binding buffer similar to the volume of the liposome mixture through mini-extruder [1] and use the other syringe to draw up the liposome mixture [2], inverting the microcentrifuge tube to collect the last of the liposomes into the tube cap for their collection [3].

3.12.1. Buffer being passed through extruder Videographer: Important step
3.12.2. Syringe being loaded with liposome Videographer: Important step
3.12.3. Tube being inverted/liposome being collected into cap Videographer: Important step

3.13. Then extrude the liposomes through the 200-nanometer membrane 19-21 times [1] and collect the extruded liposomes into new a microcentrifuge tube [2]. 

3.13.1. Liposomes being extruded Videographer: Important step
3.13.2. Liposomes being added to tube Videographer: Important step

4. SNX-BAR Liposome Binding and Tubulation 

4.1. Before performing the SNX-BAR (snicks-bar) liposome binding and tubulation assays, preclear the purified protein by ultracentrifugation [1-TXT] and transfer the supernatant to a new microcentrifuge tube without disturbing the pellet [2].

4.1.1. WIDE: Talent placing tube(s) into ultracentrifuge TEXT: 20 min, 100,000 x g, 4 °C

4.2. Next, incubate 4 micromolar of purified Snx4-Atg20 (snicks-four-A-T-G-twenty) and 2.5 millimolar of liposomes [1] in a total reaction volume of 20 microliters for a 30-minute incubation at 30-degrees Celsius [2].

4.2.1. Liposomes being added to Snx4-Atg20, with liposome and Snx4-Atg20 containers visible in frame Videographer: Important step
4.2.2. Tube being placed at 30 °C

4.3. To visualize and quantify the liposome tubulation, at the end of the incubation, immediately spot the samples onto a carbon-coated copper mesh grid [1] and negative stain with 1% uranyl acetate [2].

4.3.1. Samples being spotted onto grid
4.3.2. Uranyl acetate being added to grid, with stain container visible in frame

4.4. Then analyze the samples on a transmission electron microscope at 200 kilovolts [1].

4.4.1. LAB MEDIA: Figure 5B left image no text labels

4.5. For liposome binding and sedimentation, transfer 20 microliters of the reaction to a polycarbonate centrifuge tube [1] and spin the sample with a compatible rotor in an ultracentrifuge [2-TXT].

4.5.1. Talent adding reaction to tube
4.5.2. Talent placing tube(s) into ultracentrifuge TEXT: 20 min, 100,000 x g 4 °C

4.6. At the end of the centrifugation, carefully transfer the supernatant to new microcentrifuge tube [1-TXT] and resuspend the pellet in 40 microliters of SDS-PAGE sample buffer [2].

4.6.1. Shot of pellet if visible, then supernatant being added to tube TEXT: Pellet should stay intact
4.6.2. Buffer being added to pellet, with buffer container visible in frame

4.7. Transfer the pellet suspension to a new microcentrifuge tube [1] and add 20 microliters of sample buffer to the supernatant [2].

4.7.1. Suspension being added to tube
4.7.2. Buffer being added to supernatant

4.8. Then load equivalent sample volumes of pellet and supernatant onto a 10% polyacrylamide SDS-PAGE gel [1] and perform Coomassie staining to visualize the SNX-BARs bound to the liposomes [2].

4.8.1. Sample(s) being added to well(s)
4.8.2. LAB MEDIA: Figure 5A



Section – Results
5. Results: Representative SNX-BAR Induction Verification, Purification, and Liposome Binding and Tubulation Assays 

5.1. To check for proper induction of SNX-BAR expression, a western blot against the tandem affinity purification tag can be used [1], as the protein levels of the SNX-BARs may not be detected via Coomassie stain [2].

5.1.1. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize anti-PAP band in +GAL lane
5.1.2. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize bands in +GAL lane

5.2. After purification of the SNX-BAR heterodimer, the bands of the two SNX-BARs should appear in a 1:1 stochiometric ratio [1] and there should be little to no contaminating bands [2].

5.2.1. LAB MEDIA: Figure 4
5.2.2. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize Snx4 and Atg20-CBP band in lane 4

5.3. In this representative analysis, SNX-BAR heterodimers were expressed, purified, and bound to synthetic liposomes as demonstrated [1].

5.3.1. LAB MEDIA: Figure 5A

5.4. Note that Mvp1 (M-V-P-one) formed homodimers and was expressed in bacteria as expected [1].

5.4.1. LAB MEDIA: Figure 5A: JoVE Video Editor please emphasize Mvp1 bands in bottom images
[bookmark: _GoBack]
5.5. SNX-BAR binding to varying liposome compositions can be quantified by densitometry [1] to assess the effects phosphatidylserine, for example, on liposome binding [2].

5.5.1. LAB MEDIA: Figure 5C
5.5.2. LAB MEDIA: Figure 5C: JoVE Video Editor please emphasize 30% PS data bars

5.6. Electron microscopy imaging allows the measurement of Snx4-Atg20 liposome tubules [1], with most tubules typically possessing diameters between 14-26 nanometers [2].

5.6.1. LAB MEDIA: Figures 5B and 5D: JoVE Video Editor please add/emphasize red lines and numerical text labels
5.6.2. LAB MEDIA: Figures 5B and 5D: JoVE Video Editor please draw a bracket encompassing 14<17 – 23<26 data bars




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Richard Chi: Note that purified SNX-BARs can be reconstituted with cargo capture complexes on liposomes to understand how full assemblies can influence membrane remodeling [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Chris Burd: When comparing the binding of different combinations of purified SNX-BAR dimers to synthetic liposomes composed of different lipids, SNX-BAR proteins were found to possess distinct lipid binding preferences [1].   
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Shreya Goyal: Always work in a hood when handling chloroform and be sure to wear the proper PPE when handling sharps or glass materials [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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