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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. 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) Y
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.

2. Does your protocol include software usage? (Y/N) Y
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.  4.2; 4.5; 5.1; 5.3

4. 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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.  4.5

5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. If only one author is giving the REQUIRED statements, the same author may speak both statements.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Stefan Schiller: The efficient assembly of supramolecular structures for minimal cell design and drug delivery remainschallenging. Here we demonstrate efficientassembly protocols that yield defined supramolecular structures based on amphiphilic elastin-like proteins.___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).


What is the main advantage of this technique?

1.2. Author NameAndreas Schreiber: The presented assembly protocols generate versatile supramolecular structures with adaptable physicochemical properties such as vesicles, fibers and coacervates. Protein Membrane-Based Compartments demonstrate phase separation behavior and allow for the encapsulation of chemically diverse fluorescent cargo molecules..___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


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

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· These OPTIONAL statements must be spoken by different authors than those who gave the Required Interview Statements.
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.4. Author NameAndreas Schreiber: These methods are especially interesting in the field of drug formulation and delivery and offer new platforms for research on synthetic minimal cells and artificial reaction chambers..Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


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?

1.5. Author Name: ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Why is visual demonstration of this method critical?

1.6. Author NameAndreas Schreiber: ___________(The protocol includes several critical steps that require correct handling. A visual demonstration of the protein extrusion and stratification when initiating the vesicular assembly increases the success.Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Introduction of Demonstrator: (Said by you on camera)

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.7. Author NameAndreas Schreiber: Demonstrating the procedure will be _________ Süreyya Geissinger, (name of the person or persons), a _________ PhD student and me as Post doc (technician, post doc, grad student) in our laboratory. (Add additional mention of demonstrators as necessary).  
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.7.3. 






Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read 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 a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
2. Protein Expression and Preparation
2.1. For expression of F20E20-mEGFP and F20E20-mCherry (pronounce ‘F-twenty-E-twenty-M-cherry’), inoculate the main expression culture from the overnight pre-culture to an OD-600 of 0.3 [1]. Incubate it in 400 milliliters of sterile LB medium supplemented with appropriate antibiotics at 37 degrees Celsius and 200 rpm [2]. 
2.1.1. WIDE: Establishing shot of talent inoculating the culture. 
2.1.2. Talent putting the flask in the incubator and closing the door. Videographer: Obtain multiple, reusable takes of this shot because it will be reused in 2.3.2 and 2.6.2.
2.2. Prepare 1 molar IPTG stock solution for induction of the expression culture in ultrapure water [1]. When the expression culture reaches OD-600 of 0.5 to 0.8, add IPTG to a final concentration of 1 millimolar [2] and reduce the incubation temperature to 20 degrees Celsius [3-TXT]. 
2.2.1. Talent diluting IPTG. 
2.2.2. Talent adding IPTG to flask. 
2.2.3. Talent reducing the temperature on the incubator or putting the flask in the incubator. TEXT: Incubate for ~ 20 hours at 200 rpm Videographer: Obtain multiple, reusable takes of this shot because it will be reused in 2.7.1.
2.3. For expression of amphiphilic ELP with the unnatural amino acidUAA pAzF, inoculate the main expression culture from overnight E. coli pre-culture containing the appropriate plasmids to an OD of 0.3 [1-TXT]. Incubate it in 400 milliliters of sterile LB medium supplemented with kanamycin and chloramphenicol at 37 degrees Celsius and 200 rpm [2]. Authors: How do you pronounce UAA pAzsF?	Comment by Lara Stühn: UAA stand for unnatural amino acid pAzF is hard to proncounce and can be simplified to unnatural amino acid
2.3.1. Talent inoculating the culture. TEXT: pEVOL, unnatural amino acidpAzF and e.g. pET28-NMBL-(TAG)R40F20-his or R40I30-his
2.3.2. Use 2.1.2.

2.4. To prepare 100 millimolar pAzF stock, add 206.2 milligrams of pAzF to 8 milliliters of ultrapure water [1]. Raise the pH of the solution with 3 molar sodium hydroxide and mix vigorously [2]. 

2.4.1. Talent adding pAzF to water. 
2.4.2. Talent adding NaOH and mixing. 

2.5. When pAzF is dissolved, lower the pH to 10.5 [1] and add ultrapure water to a volume of 10 milliliters [2]. Filter the solution with a sterile, 0.22-micrometer filter [3] and aliquot it in 2-milliliter reaction tubes [4].

2.5.1. Talent measuring pH of solution.
2.5.2. Talent adding water to dissolved pAzF.
2.5.3. Talent filtering the solution. 
2.5.4. Talent aliquoting the solution. 

2.6. When the expression culture reaches OD-600 of 0.5 to 0.8, add pAzF to a final concentration of 2 millimolar [1] and incubate it for 10 more minutes [2]. Then, induce expression of the target protein and the necessary tRNA synthetase via simultaneous addition of IPTG and arabinose [3-TXT]. 

2.6.1. Talent adding pAzF solution to culture. 
2.6.2. Use 2.1.2. 
2.6.3. Talent adding IPTG and arabinose. TEXT: Final concentration of 1mM IPTG and 2% arabinose

2.7. Reduce the incubation temperature to 20 degrees Celsius and allow expression to continue for approximately 20 hours [1]. After the incubation, harvest the cells by centrifugation at 4 degrees Celsius and 4000 x g for 40 minutes [2]. 

2.7.1. Use 2.2.3.
2.7.2. Talent putting the cells in the centrifuge and closing the lid. Videographer: Obtain multiple, reusable takes of this shot because it will be reused in 2.9.2.

2.8. Resuspend the cell pellet in lysis buffer with lysozyme and PMSF [1], incubate the solution for 30 minutes on ice [2], then freeze and thaw it twice by submerging in liquid nitrogen [3]. 

2.8.1. Talent resuspending cell pellet. 
2.8.2. Talent putting the tube on ice. 
2.8.3. Talent submerging tube in liquid nitrogen. 

2.9. Sonicate the suspension [1-TXT] and clear the lysate by centrifugation at 10,000 x g and 4 degrees Celsius for 40 minutes [2]. Then, purify the protein using affinity chromatograph- After protein elutiony, elute it [3], and store the protein it at 4 degrees Celsius until further use [4]. 

2.9.1. Talent sonicating the suspension. TEXT: 30%; 15 times; 30 s: 10 s break
2.9.2. Use 2.7.2.
2.9.3. Talent eluting the protein. 
2.9.4. Talent putting the sample in the fridge. 

3. Dye-modification of Elastin-like Proteins via SPAAC 
3.1. Add 1 microliter of fluorescent dye to 500 microliters of ELP solution [1-TXT] and incubate the reaction for about 10 hours at 15 degrees Celsius while shaking at 250 rpm in a thermomixer, making sure to protect it from the light [2]. 
3.1.1. Talent adding fluorescent dye to the protein solution. TEXT: BDP-FL-PEG4-DBCO
3.1.2. Talent putting the reaction in the incubator. 
3.2. To remove excessive BDP, equilibrate a dialysis membrane in ultrapure water for 10 minutes [1]. Cut the membrane into the correct size to be placed on top of the opening of the reaction tube with the clicked ELP solution [2], then fix the membrane to the opening by closing the tube with a lid that has no core [3].
3.2.1. Membrane equilibrating. 
3.2.2. Talent cutting out the membrane. 
3.2.3. Talent fixing the membrane to the tube.  
3.3. Place the reaction tube upside down in the chosen buffer [1] and perform dialysis for at least 3 hours each time while, exchanging the buffer twice [2]. Make sure to remove any air bubbles trapped between the dialysis membrane and the buffer [3]. Is it 3 hours for the entire dialysis? Or 3 hours after each time the buffer is changed?	Comment by Andreas Schreiber [2]: It is 3 hours each time until changing the buffer 
3.3.1. Talent placing the reaction tube in the buffer. 
3.3.2. Talent exchanging the buffer. 
3.3.3. Talent removing air bubbles between membrane and buffer. 

4. THF Swelling Protocol 
4.1. For THF swelling, dialyze the homogenous ELP solution against phosphate or tris buffer with stable pH 7.5 [1]. Prepare the lyophilizer and cool it to starting temperature for freeze drying [2]. 
4.1.1. Dialysis setup. Videographer: Obtain multiple, reusable takes of this shot because it will be reused in 5.2.2.
4.1.2. Talent cooling the lyophilizer. 
4.2. Aliquot the dialyzed protein solution in 1.5 milliliter reaction tubes [1] and shock freeze it in liquid nitrogen [2]. Caps with a small hole can be used to avoid mixing of different protein solutions during freeze drying [3]. 
4.2.1. Talent aliquoting the protein solution. 
4.2.2. Talent shock freezing the tubes. 
4.2.3. Reaction tube with a cap with a hole. 
4.3. Take the frozen protein samples out of the liquid nitrogen and immediately place them in the lyophilizer to start freeze-drying [1]. After the sample is completely dry, ventilate it with dry nitrogen [2] and immediately close the reaction tube lids to avoid contact with air moisture [3]. 
4.3.1. Talent placing the tubes into the lyophilizer. 
4.3.2. Talent ventilating the tubes with nitrogen. 
4.3.3. Talent closing the reaction tube lid. 

4.4. Add pure THF to the lyophilized samples [1] and place the solution in a water bath sonicator with ice water for 15 minutes [2]. Preheat a thermocycler to 30 to 60 degrees Celsius for vesicle formation or up to 90 degrees Celsius for fiber formation [3] and prepare new reaction tubes with either ultrapure water or buffer [4]. 

4.4.1. Talent adding THF to the samples. 
4.4.2. Talent sonicating the samples. 
4.4.3. Talent preheating the thermocycler. 
4.4.4. Talent preparing the new reaction tubes.

4.5. After sonication, place the ELP-THF solution and the prepared water or buffer in the thermocycler for 5 minutes [1]. Then, stratify the ELP solution on top of the water or buffer, making sure that the separation of the two phases and a distinct interphase is visible [2]. 

4.5.1. Talent putting the samples in the thermocycler. 
4.5.2. Talent depositing the ELP on the water or buffer. 

4.6. Place the mixture back in the thermocycler for 20 minutes [1], then let the sample cool down at room temperature for 10 minutes and proceed with dialysis against water or buffer or with fluorescence microscopy [2].    

4.6.1. Talent putting the tubes in the thermocycler. 
4.6.2. Talent taking the tubes out and leaving them on the lab bench to cool. 

5. BuOH Extrusion Protocol	Comment by Andreas Schreiber [2]: Will be demonstrated by Andreas Schreiber


5.1. Prepare a 1 to 50 micromolar ELP solution and add 10 to 20% 1-butanol. Immediately mix the solution by pipetting up and down. The turbidity of the solution should increase during mixing, indicating vesicle formation [1]. 

5.1.1. Talent adding 1-butanol to the ELP solution and pipetting up and down. 

5.2. To achieve a narrow size distribution, extrude vesicles with a mini extruder through a membrane with a pore size of 1 micrometer [1], then dialyze the vesicles as previously described [2]. 

5.2.1. Talent extruding vesicles through mini extruder. 
5.2.2. Use 4.1.1.

5.3. For dye encapsulation, mix approximately 40 microliters of ELP solution in 10 millimolar Tris-HCl with 1 microliter of Dextran Texas Red stock solution in DMSO [1], add 10 microliters of 1-butanol [2], and extrude 5 to 10 times through a syringe equipped with a 0.25 by 25-millimeter needle [3]. 

5.3.1. Talent mixing dye with ELPs. 
5.3.2. Talent adding the 1-butanol. 
5.3.3. Talent extruding the solution. 


OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author name Andrea Schreiber:  Step  In contrast to the THF protocol, vigorous rapid mixing of organic and aqueous phase increases vesicle yield for the BuOH extrusion method.          :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

6. Results: THF Swelling Method and the BuOH Extrusion Method for the Guided Self-assembly of Amphiphilic ELPs into Supramolecular Structures
6.1. The THF swelling method is composed of three successive steps and results in different supramolecular assemblies of the ELP depending on the temperature [1]. The epifluorescence microscopy images show vesicles assembled from BDP-R20F20 (pronounce ‘B-D-P-R-twenty-F-twenty’) [2] and fibrillary structures assembled from BDP-R40F20 (pronounce ‘B-D-P-R-forty-F-twenty’) [3].
6.1.1. LAB MEDIA: Figure 1 A, just the fluorescence images at the bottom.
6.1.2. LAB MEDIA: Figure 1 A, just the fluorescence images and the schematics of the structures next to them. Video Editor: Emphasize the image and structure at the top. 
6.1.3. LAB MEDIA: Figure 1 A, just the fluorescence images and the schematics of the structures next to them. Video Editor: Emphasize the image and structure at the bottom.
6.2. The 1-butanol extrusion method leads exclusively to the formation of ELP vesicles. About two orders of magnitude more vesicles are produced compared to the THF swelling method [1]. BDP-R40I20 (pronounce ‘B-D-P-R-twenty-eye-twenty’) was mixed with 10 to 15% butanol and vesicles were prepared via extrusion of the mixture [2].
6.2.1. LAB MEDIA: Figure 1 B, just the fluorescence image at the bottom.
6.2.2. LAB MEDIA: Figure 1 B, just the fluorescence image and the schematic of the structure next to it.
6.3. Different supramolecular structures were assembled from BDP-R40F20 via the THF swelling protocol. The pH of the buffer and the temperature of the assembly process was adjusted [1] to form either coacervates [2], fibrils [3] or vesicles [4]. Small mistakes in the assembly protocol can lead to the formation of aggregates [5]. Authors: The different structures are labeled with roman numerals in figure 2 and figure legend, but are references with letters in your manuscript result section. Should the text in the result section be changed or would you rather upload a figure with letters instead of numerals? 	Comment by Andreas Schreiber [2]: Thank you for this hint. We changed the figure references and used letters A-D.
6.3.1. LAB MEDIA: Figure 2. 
6.3.2. LAB MEDIA: Figure 2. Video Editor: Emphasize the schematic and fluorescence image I.
6.3.3. LAB MEDIA: Figure 2. Video Editor: Emphasize the schematic and fluorescence image II.
6.3.4. LAB MEDIA: Figure 2. Video Editor: Emphasize the schematic and fluorescence image III.
6.3.5. LAB MEDIA: Figure 2. Video Editor: Emphasize the schematic and fluorescence image IV.

6.4. Positively charged dye Atto Rho 13 [1] and the polysaccharide Dextran Red 3000 [2] were encapsulated into the vesicle lumen of vesicles assembled from F20R20-mEGFP via the 1-butanol extrusion method [3].

6.4.1. LAB MEDIA: Figure 3. Video Editor: Emphasize A. 
6.4.2. LAB MEDIA: Figure 3. Video Editor: Emphasize B. 
6.4.3. LAB MEDIA: Figure 3. 

6.5. Confocal microscopy images show the vesicles in the green channel [1], the cargo in the red channel [2], and the successful encapsulation in the resulting merged channel [3].

6.5.1. LAB MEDIA: Figure 3. Video Editor: Emphasize the green channel images (left).
6.5.2. LAB MEDIA: Figure 3. Video Editor: Emphasize the red channel images (center). 
6.5.3. LAB MEDIA: Figure 3. Video Editor: Emphasize the merged channel images (right).

6.6. The phase separation and fusion behavior of ELP amphiphiles upon mixing [1] of single PMBC building blocks [2] versus assembled PMBC populations was also demonstrated [3]. 

6.6.1. LAB MEDIA: Figure 4. 
6.6.2. LAB MEDIA: Figure 4. Video Editor: Emphasize A.
6.6.3. LAB MEDIA: Figure 4. Video Editor: Emphasize B. 

6.7. Mixing prior to PMBC assembly leads to homogenously distributed molecules within the assembled PMBC membrane [1], while mixing assembled vesicle populations leads to membrane patches of red or green fluorescence that are visible for at least 20 minutes [2].

6.7.1. LAB MEDIA: Figure 4 A. Video Editor: Emphasize the merged channel on the right (orange).
6.7.2. LAB MEDIA: Figure 4 B. Video Editor: Emphasize the merged channel on the right (patchy).


 






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

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
7.1. Author Name: Andreas Schreiber: ____ For successful application of these protocols it is important to pay attention to the correct step order and the differences between the THF swelling and butanol extrusion method. (Step: __) 4.9 and 5.2.) (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Author NameStefan Schiller: ____ This protocol can be the starting point to use ELP vesicles as drug delivery shuttle, as platform for enzymatic reactions such as in vitro transcription  and translation of membrane components or in the formation of synthetic minimal cells.  (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
[bookmark: _GoBack]After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Author Name: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
7.4. Author Name: Working with THF can be harzardous due to peroxide formation. Solvents should be checked for the presence of peroxides prior to distillation or evaporation. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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