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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 similar?  N 

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

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.

☒ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N 

Protocol Length
Number of Shots: 51


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Wei Zhou: Although membrane proteins are important targets in drug discovery, the large-scale production of membrane proteins remains a bottleneck to conducting biochemical, biophysical, and structural membrane protein studies [1].

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

REQUIRED: 

1.2. Wei Zhou: This method can be used to efficiently synthesize membrane proteins in vitro and to prepare purified proteoliposomes in a short time with a high success rate [1].

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





Protocol
2. In Vitro Transcription 
2.1. After adding the appropriate reagents, including the cell-free expression plasmid, to generate a transcription reaction mixture [1-TXT] [CU reagents], mix the tube contents by gentle inversion or tapping [2] and perform a quick spin in a microcentrifuge [3].
2.1.1. WIDE: Talent adding reagent(s) to tube, with reagent containers visible in frame TEXT: See text for all solution preparation details
2.1.2. Talent inverting tube
2.1.3. Talent placing tube into centrifuge
CU reagents.  Added shot: reagents for transcription (If editor requires)
2.2. After the spin, incubate the transcription reaction mixture for 6 hours at 37 degrees Celsius [1], followed by another inversion mixing and centrifugation spin down [2].
2.2.1. Talent placing tube at 37 °C
2.2.2. Talent inverting tube before placing into centrifuge
3. Translation Material Preparation
3.1. To prepare the translation buffer, dilute the stock solution by fresh ultrapure water in a 50-milliter tube [1-TXT].
3.1.1. WIDE: Talent adding reagents to tube, with reagent containers visible in frame
TEXT: See text for all solution preparation details

3.2. Next, wash 100-microliter dialysis cups for small scale translation are required to be washed  with ultrapure water to remove the glycerol from the dialysis membrane [1]. 

3.2.1. Talent washing tubeshows a dialysis cup

3.3. After the wash, add 1 milliliter of ultrapure water to a new 1.5-milliliter tube [1] and insert a small scale dialysis cup into the tube [2].

3.3.1. Talent adding water to tube
3.3.2. Talent adding cup to tube

3.4. Then add 500 microliters of ultrapure water to the cup for a 30-minute incubation at room temperature [1].

3.4.1. Talent adding water to cup

4. Liposome Preparation

4.1. To prepare liposomes, transfer a lipid solution containing 50 milligrams of lipids to an evaporation flask [1] and use a rotary evaporator to evaporate the solvent [2] [3].

4.1.1. WIDE: Talent adding lipid to flask Videographer: Important step
4.1.2. Talent placing flask into evaporator/starting evaporator Videographer: Important step
4.1.3  Added scene: Flask rotating

4.2. When a thin, evenly spread layer of lipid has been generated on the surface of the flask bottom [1-TXT], transfer the flask to a vacuum desiccator under negative pressure overnight to remove the solvent completely [2].

4.2.1. Shot of lipid layer on flask bottom 
TEXT: Add organic solvent and re-evaporate as necessary until thin, uniform film acquired
4.2.2. Talent placing flask into desiccator and starting vacuum

4.3. The next morning, check the thin film of lipids [0, 0a]. Aadd 1 milliliter of translation buffer to the flask [1] and rotate the flask to spread the buffer over the thin lipid film [2].

4.3.0  Added scene: Talent taking out flask. 
4.3.0a  Added scene: Close up lipid film on the flask bottom. 
4.3.1. Talent adding buffer to flask
4.3.2. Talent rotating flask

4.4. After 5 minutes, sonicate the flask Authors: For how long? [1], changing the angle occasionally to allow the solution to contact the entire lipid film surface [2]. Stop sonication when the lipid is completely stripped from the flask and the liposome suspension becomes uniform [3]until the liposome suspension becomes homogeneous [2].

4.4.1. Talent placing flask onto sonicator Videographer: Important step
4.4.2. Talent changing angle Videographer: Important step
4.4.3.  Talent lifting the flask.

4.5. Then transfer the 50-milligram/milliliter liposome suspension to a new 1.5-milliliter tube [1].

4.5.1. Talent adding liposomes to tube

5. In Vitro Translation

5.1. Before performing an in vitro protein translation, float a tube of wheat germ extract from minus 80-degree storage on water at room temperature for a few minutes to quickly thaw the material [1-TXT]. 

5.1.1. WIDE: Talent taking the tube from freezer and placing tube into water bath
TEXT: Caution: Do not heat wheat germ extract

5.2. Upon thawing the extract [0], immediately mix the tube contents by gentle inversion [1], spin down the tube [2], and place the extract tube on ice [3].

5.2.0  Added shot: Close up the tube
5.2.1. Talent inverting tube(s)
5.2.2. Talent placing tube(s) into centrifuge
5.2.3. Talent placing tube(s) on ice

5.3. Add the wheat germ extract, mRNA, and liposomes to generate a translation reaction mixture [1-TEXT], mix the tube contents by gentle inversion or tapping [2], and perform a quick spin in a microcentrifuge [3].

5.3.1. Talent adding reagent(s) to tube, with reagent containers visible in frame. 
TEXT: See text for all solution preparation details
5.3.2. Talent inverting tube
5.3.3. Talent placing tube into centrifuge

5.4. To conduct a small-scale in vitro protein translation, remove the water from the small- scale dialysis cup and tube [1] and add 1 milliliter of translation buffer to the tube and 300 microliters to the cup [2-TXT].

5.4.1. Talent removing water
5.4.2. Talent adding buffer to tube, with buffer container and cup visible in frame TEXT: Add additional 50-100 microliters buffer to tube if cup does not reach buffer surface 
Note: At first we tried to shoot scenes 5.4.1 and 5.4.2 through. However, we made a mistake in working on 5.4.2, so we reshot only 5.4.2. Chapter board captured on the retake video with scene 5.4.2a.

5.5. Using a 200-microliter pipette, slowly and gently layerTake  60 microliters of translation reaction mixture. Insert the pipette tip into  under the translation buffer in the dialysis cup, then inject the mixture slowly and gently [1-TEXT].  and Ccover the cup with a lid to prevent evaporation [2].

5.5.1. Reaction mixture being layered under cup. 
TEXT: Translation reaction mixture with higher density spontaneously sinks to the bottom of the cup and form a layer. Caution: Do not disturb the layer by pipetting. Videographer: Important step
5.5.2. Lid being placed Videographer: Important step

5.6. To conduct a large-scale translation, add 22 milliliters of translation buffer to a 25-milliliter tube [1] and place a large-size 2-mililiter dialysis cup into the tube [2].

5.6.1. Talent adding buffer to tube
5.6.2. Talent placing cup into tube
Note: Scene 5.6.2 was cut halfway. But we decided not to retake. The capture board of the video taken of the continuation is marked scene 5.6.2 cont.

5.7. Add 2 milliliters of translation buffer to the dialysis cup [1]. and use a 1000-microliter pipette Taketo layer 500 microliters of freshly prepared translation reaction mixture. Slowly and gently inject the mixture into under the translation buffer in the cup [2-TEXT]. Incubate the reactions for a 24-hour incubation at 15 degrees Celsius [23].

5.7.1. Talent adding buffer to cup Videographer: Important step
5.7.2. Reaction mixture being layered under cup Videographer: Important step
TEXT: Caution: Do not disturb the layer of translation reaction mixture by pipetting.
5.7.3  Added scene: Talent put the tubes into a incubator.

5.8. The next day, thoroughly mix the reaction in the dialysis cup by pipetting [1] and transfer the crude proteoliposome suspensions to new, flat-bottomed 1.5-milliliter tubes [2].

5.8.1. Talent mixing reaction in one cup
5.8.2. Talent adding suspension to tube, with both reactions and tubes visible in frame

6. Proteoliposome Purification 

6.1. To purify the proteoliposomes, sediment the crude proteoliposome in the crude suspensions by centrifugation [1-TXT] [2]. Then, wash the proteoliposome followed by three washesby resuspending  in the appropriate volume of fresh ice-cold PBS buffer for three times per wash [23-TXT].

6.1.1. WIDE: Talent placing tube(s) into centrifuge Videographer: Important step TEXT: 10 min, 17,800 x g, 4 °C
6.1.2. Close Shot of both a pellet.s and PBS container, then one pellet being resuspended  Videographer: Important step TEXT: Small scale: 1 mL PBS; Large scale: 10 mL PBS
6.1.3  Talent remove supernatant and resuspended the pellet into buffer. Talent placing tubes into centrifuge. 
TEXT: Small scale: 1 mL PBS; Large scale: 10 mL PBS

6.2. After washing, thoroughly resuspend the proteoliposome pellets in a small volume of PBS [1] and use a micropipette to measure the suspension volume by using a micropipette [2].

6.2.1. Shot pellet in small volume of PBS, then pellet being resuspended
6.2.2. Suspension volume being measured

6.3. Then add PBS to adjust the volume of suspension the small scale reaction to 60 microliters and the large scale reaction to 500 microliters [1-TXT]. and tTransfer each suspension into a new 1.5-millilitermicro tube [2].

6.3.1. Talent adding PBS to tubes, with PBS container visible in frame
TEXT: Small scale: 60 µL; Large scale: 500 µL
6.3.2. Talent adding liposome suspension to tube

7. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Coomassie Brilliant Blue (CBB) Staining

7.1. To set up an SDS-PAGE (S-D-S-page) analysis, add 70 microliters of water and 40 microliters of 3xthree-time concentrated SDS-PAGE sample buffer to 10 microliters of each proteoliposome suspension [1-TXT]. and Sset up a 5-20% gradient SDS-PAGE gel in an electrophoresis chamber [2].

7.1.1. WIDE: Talent adding water to tube, with buffer and liposome suspension containers visible in frame 
TEXT: Caution: Do not boil SDS-PAGE samples
7.1.2. Talent loading gel into chamber

7.2. Load the gel with 2 microliters of the protein size marker [2], 3, 6, and 12 microliters of each proteoliposome sample [1], 2 microliters of the protein size marker [2], and 10 microliters of bovine serum albumin standards [3].

7.2.1. Talent adding sample to gel
7.2.2. Talent addling size marker to gel, with size marker container visible in frame Please move shot 7.2.2. (size marker) before shot 7.2.1. 
7.2.3. Talent adding standard to gel, with standard container visible in frame

7.3. After loading samples, run the gel for 30 minutes at 52 milliamps and 400 voltselectrophoresis [1] followed by staining the gel with Coomassie brilliant blue dye [2].

7.3.1. Talent turning on voltage
7.3.2. Talent placing gel into CBB, with CBB container visible in frame

7.4. Then Finally, decolorize the gel in hot water with gentle shaking [1] and scan the gel image [2].

7.4.1. Talent adding hot water to gel
7.4.2. Talent placing gel onto scanner



Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
4.1., 4.4., 5.5., 5.7., 6.1.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.1. It needs some practice and skills be difficult to make a thin and uniform lipid film in this process. If you fail to get a uniform film, you can start over by adding some solvent to dissolve the lipid film.


Results
8. [bookmark: _Hlk27388131]Results: Representative Proteoliposome Production by Bilayer-Dialysis 

8.1. Using this protocol as demonstrated, a variety of membrane proteins with three or more transmembrane helices can be easily produced as proteoliposomes in a short time [1].

8.1.1. LAB MEDIA: Figure 2A Video Editor: please emphasize blue arrowheads
 
8.2. In this bilayer-dialysis method [1], a continuous supply of substrates and the removal of the byproduct can be efficiently conducted at both the top [2] and bottom of the reaction mixture over a long period of time [3], leading to an excellent translation efficacy [4]. 

8.2.1. LAB MEDIA: Figure 1 Video Editor: please emphasize Translation section of graphic
8.2.2. LAB MEDIA: Figure 1 Video Editor: please emphasize Translation buffer text bubble
8.2.3. LAB MEDIA: Figure 1 Video Editor: please emphasize Reaction mixture bubble
8.2.4. LAB MEDIA: Figure 1 Video Editor: please emphasize section of figure

8.3. The bilayer-dialysis method [1] results in s 4-10-times increase in the productivity [2] compared to using the bilayer [3] or dialysis methods alone [4].

8.3.1. LAB MEDIA: Figure 2B
8.3.2. LAB MEDIA: Figure 2B Video Editor: please emphasize Bilayer-dialysis band
8.3.3. LAB MEDIA: Figure 2B Video Editor: please emphasize Bilayer band
8.3.4. LAB MEDIA: Figure 2B Video Editor: please emphasize Dialysis band

8.4. Collection of the synthesized proteoliposomes by centrifugation and their partially purification with a washing buffer [1] greatly shortens the purification process of the membrane proteins [2].

8.4.1. LAB MEDIA: Figure 1 Video Editor: please emphasize Purification part of figure
8.4.2. LAB MEDIA: Figure 2A left gel



Conclusion
9. Conclusion Interview Statements
9.1. Wei Zhou: This cell-free system is not only easy to manipulate and highly scalable.  but It can also be used to produce membrane proteins that are difficult to express using other methods [1].
9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step 5.3., 5.7.) 
9.2. Wei Zhou: This method is extremely helpful for investigations and experiments that use or target membrane proteins, such as anti-membrane protein-antibody production, SPR, ELISA, and AlphaScreen [1].
9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Can cut for time 
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