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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? 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? 
5.3.2., 5.8.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
6.3.3 is the most delicate. The pre-stress procedure is mandatory to remove any defect of the membrane to ensure reproducible measurements.
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. Jean-François Le Meins: This protocol facilitates a reliable measurement of the membrane mechanical properties of synthetic hybrid polymer-lipid vesicles using a micropipette aspiration technique [1].

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

1.2. Jean-François Le Meins: This is the only technique that allows the flexibility of the membrane and its ability to be stretched to be assessed in a single experiment [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. Emmanuel Ibarboure: As this protocol involves a series of procedures, from vesicle preparation to their mechanical assessment, it is important to be patient and to solve any technical issues as they arise [1].

1.1.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-
. 
1.2. Emmanuel Ibarboure: Visualization of these techniques is critical for understanding how to properly treat the capillary surface and how to perform the mandatory pre-stress step to obtain vesicles without defects [1].

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

Introduction of Demonstrator (Said by you on camera):

1.3. Jean-François Le Meins: Demonstrating the procedure will be Martin Fauquignon, a PhD student from the laboratory working on the development of Hybrid Polymer Lipid Vesicles [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera 


Section - Protocol
2. Glass Micropipette Tip Coating 
2.1. [bookmark: _Hlk9971696]Before beginning the procedure, place pulled glass micropipette capillaries vertically into holders [1] and lower the holders until the tips are immersed in freshly prepared glucose-bovine serum albumin solution overnight [2-TXT].
2.1.1. WIDE: Talent placing capillary(ies) into holder(s) Author comment: 2.1.1 and 2.1.2 have been combined.
2.1.2. Tip(s) being lowered into glucose/BSA, with glucose BSA container visible in frame TEXT: See text for all solution preparation details
2.2. By the next morning, the solution should have risen about 1 centimeter into the tips by capillary action [1].
2.2.1. Shot of 1 cm solution in tip(s)

2.3. Using a 500-microliter glass syringe equipped with a flexible fused silica capillary, fill each pipette with the glucose solution [1].

2.3.1. Talent filling pipette, with glucose solution container visible in frame

2.4. Then aspirate the solution from each pipette [1] before refilling the pipettes with fresh glucose solution several times until all of the serum has been removed [2].

2.4.1. Glucose being aspirated
2.4.2. Pipette being filled with glucose

3. Electroformation Chamber Preparation

3.1. To prepare an electroformation chamber, first clean ITO (I-T-O) slides with an appropriate organic solvent [1-TXT] and identify the conductive surface with an ohmmeter [2].

3.1.1. WIDE: Talent cleaning slide(s), with solvent container visible in frame TEXT: ITO: indium-tin-oxide
3.1.2. Talent using ohmmeter to identify conductive surface

3.2. Attach electrical wires onto the conductive side of each slide with adhesive tape [1] and dip one capillary into amphiphile solution until about 5 microliters of the solution has been collected by capillary action [2].

3.2.1. Wire being taped
3.2.2. Tip being lowered into solution, with solution container visible in frame

3.3. Place the loaded capillary into contact with the center of one glass ITO plate [1] and gently spread the solution across the slide [2].

3.3.1. Capillary being touched to slide Author comment: 3.3.1-3.4.1 have been combined.
3.3.2. Solution being spread onto 

3.4. When the solvent has completely evaporated, apply the solution two more times as just demonstrated [1] before adding a layer of silicon-free grease on both sides of the opened O-ring spacer around the area of deposition [2].

3.4.1. Talent applying solution, with solution container visible in frame
3.4.2. Grease being applied Author comment: 3.4.2-3.5.1 have been combined.

3.5. Next, place the conductive face of a second ITO glass plate on the top of the spacer [1] and place the electroformation chamber under vacuum for 3 hours to remove any traces of organic solvent [2].

3.5.1. Plate being placed onto spacer
3.5.2. Talent placing chamber under vacuum

4. Giant Unilamellar Vesicle (GUV) Electroformation

4.1. For the electroformation of giant unilamellar vesicles, plug the electric wires into the generator [1] and set the generator frequency to 10 hertz and the amplitude to 2 volts peak-to-peak [2].

4.1.1. WIDE: Talent plugging wire(s) into generator
4.1.2. Talent adjust settings

4.2. When the voltage has been set, use a syringe equipped with a 0.8-millimeter inner diameter-needle to inject 1 milliliter of 0.1-molar sucrose solution into the chamber [1] and leave the chamber under the applied voltage and frequency for 75 minutes [2].

4.2.1. Solution being injected, with solution container visible in frame 
4.2.2. Talent setting timer, with chamber and generator visible in frame

4.3. At the end of the electroformation, turn off the generator [1] and use the 1 milliliter syringe to aspirate a small volume of solution until an air bubble is produced inside the chamber [2].

4.3.1. Talent turning off generator
4.3.2. Bubble being formed 

4.4. Tilt the chamber slightly to move the bubble into the chamber and to help the vesicles detach from the slide surface [1] and aspirate the entire volume of solution into the syringe [2].

4.4.1. Chamber being tilted/bubble being moved
4.4.2. Solution being aspirated

4.5. Then transfer the vesicle solution into a 1-milliliter plastic tube [1].

4.5.1. Talent adding solution to tube

5. Micromanipulation Setup

5.1. To set up the materials for the micromanipulation, aspirate to create a water flow a tank of pure water to one holder [1] and lightly tap while raising the tank to eliminate any air bubbles and to create positive pressure [2].

5.1.1. Water being aspirated/flow being created Author comment: 5.1.1-5.1.2 have been combined.
5.1.2. Talent touching tube/tank being raised

5.2. Next, fill a serum-coated capillary with fresh glucose solution until a drop forms at the tip [1].

5.2.1. Capillary being filled/shot of drop at tip

5.3. Remove the syringe tubing from the metal holder to create a slight water flow at the end of the holder [1] and turn the capillary upside to connect the glucose drop to the water flow [2].

5.3.1. Talent removing tubing Author comment: 5.3.1-5.3.2 have been combined.
5.3.2. Talent connecting glucose drop to water flow Videographer: Important step

5.4. Then screw the capillary and the holder together [1].

5.4.1. Capillary and holder being fixed together Author comment: 5.4.1, 5.6.2, and 5.7.1 have been combined.

5.5. To position the pipette, glue two glass slides from a custom-made aluminum stage together with vacuum grease [1] and install the slides onto a microscope stage [2].

5.5.1. Grease being applied  Author comment: 5.5.1 and 5.5.2 have been combined. The sequence has been split in two: one for each side of the aluminum stage.
5.5.2. Slides being placed onto stage

5.6. Using a 1-milliliter pipette, form a meniscus between the two slides with 0.1-molar glucose [1] and place the pipette and its holder on the motor unit of the micromanipulator [2].

5.6.1. Solution being applied to slides
5.6.2. Talent placing pipette/holder onto motor unit

5.7. Tighten down the clamping knob [1] and use the control panel joystick in coarse mode to lower the micropipette near the glucose meniscus [2].

5.7.1. Knob being tightened
5.7.2. Micropipette being lowered near meniscus

5.8. Use the fine mode to adjust the position of the tip to the center of the meniscus [1] and immerse the tip in the glucose to clean its outer and inner surfaces [2].

5.8.1. Tip being moved into meniscus Videographer: Important step 
5.8.2. LAB MEDIA: To be provided by Authors: Shot of tip in meniscus

5.9. After a few minutes, withdraw the capillary from the meniscus [1] and replace the glucose with a fresh meniscus [2].

5.9.1. Capillary being withdrawn
5.9.2. Meniscus being removed

5.10. Aspirate 2 microliters of giant unilamellar vesicles in 0.1-molar sucrose into a 20-microliter micropipette tip [1] and introduce the vesicles into the meniscus [2].

5.10.0.  Solution being applied to slides (re-use 5.6.1)
5.10.1. Talent loading pipette with GUV, with GUV container visible in frame 
5.10.2. GUV being injected into meniscus

5.11. Use the microscope to observe the vesicles at the bottom of the slide chamber [1].

5.11.1. Talent at microscope, looking at GUV

5.12. When the vesicles are slightly deflated [1], reinsert the suction pipette [2] and focus on the tip of the pipette [3]. 

5.12.1. LAB MEDIA: To be provided by Authors: Shot of deflated GUV
5.12.2. Pipette being reinserted (re-use 5.8.1)
5.12.3. LAB MEDIA: To be provided by Authors: Tip coming into focus

5.13. Then set the baseline height of the water tank to the pressure at which the motion of the particles is stopped [1] and surround the meniscus with mineral oil to prevent evaporation [2].

5.13.1. Talent setting water tank height
5.13.2. Oil being added to slide

Author comment:  LAB MEDIA - 5.12.3, 6.1.2, 6.2.1 and 6.3.1 are combined in the same sequence. 
0s to 16s → 5.12.3
16s to 18s → 6.1.2
18s to 21s → 6.2.1
21s to 34s → 6.3.1


6. Micropipette Aspiration Experiment

6.1. To perform a micropipette aspiration experiment, lower the pipette tip into the meniscus [1] and create a small amount of suction pressure to aspirate a vesicle [2].

6.1.1. WIDE: Talent lowering tip
6.1.2. LAB MEDIA: To be provided by Authors: Vesicle being aspirated

6.2. The membrane of the selected vesicle should slightly fluctuate and should not present any visible defects [1].

6.2.1. LAB MEDIA: To be provided by Authors: Shot of select vesicle

6.3. Use the micromanipulator to raise the pipette to a higher level to isolate the aspirated vesicle from the other vesicles [1] and lower the water tank to approximately minus 10 centimeters to pre-stress the vesicle [2] before raising the tank to return the pressure to the initial value [3-TXT].

[Added Shot] 6.7.1 Talent lower and rise again the tank.(supplementary sequence by the authors)	
6.3.1. LAB MEDIA: To be provided by Authors: Pipette being raised
6.3.2. LAB MEDIA: To be provided by Authors: Pressure being increased
6.3.3. LAB MEDIA: To be provided by Authors: Pressure being decreased TEXT: Repeat 3-5x to remove excess membrane and small vesicle membrane defects 

Author comment:  LAB MEDIA - 6.3.2 and 6.3.3 are combined in the same sequence.
0s to 4s → 6.3.2
4s to 9s → 6.3.3

6.4. From a height of minus 0.5 centimeters, slowly decrease the suction pressure until a pressure at which the membrane fluctuates is reached [1]. Then increase the pressure to clearly visualize a tongue in the tip with a projection length of a few microns [2].

6.4.1. LAB MEDIA: To be provided by Authors: Pressure being decreased
6.4.2. LAB MEDIA: To be provided by Authors: Pressure being increased/tongue being visualized 

Author comment:  LAB MEDIA - 6.4.1, 6.4.2 and 6.5.2 are combined in the same sequence.
0s to 6s → 6.4.1
Image at 6s → 6.4.2
[bookmark: _GoBack]6s to 16s → 6.5.2

6.5. To determine the bending modulus, increase the suction pressure one micrometer at a time in a stepwise manner until 0.5-0.8 millinewtons/meter is reached [1], waiting 5 seconds and taking a snapshot of the tongue after each step [2]. 

6.5.1. Talent increasing suction pressure
6.5.2. LAB MEDIA: To be provided by Authors: Shot of vesicle/tongue at least one step

6.6. To determine the area compressibility modulus and lysis tension and strain, continue to increase the suction pressure from 0.5 millinewtons/meter until the rupture tension is reached [1].

[Added Shot] 6.8.1 Talent lower the water tank (Supplementary sequence by the authors)
6.6.1. LAB MEDIA: To be provided by Authors: Pressure being increased/shot of GUV when rupture tension is reached




Section – Results
7. Results: Representative Stress-Strain Data for Liposomes, Polymersome, and Hybrid Polymer/Lipid Vesicles

7.1. In this representative experiment, the area compressibility modulus [1] and lysis strain for POPC (P-O-P-C) were in perfect agreement with that expected from the literature [2].

7.1.1. LAB MEDIA: Figure 10 Video Editor please emphasize y-axis TEXT: POPC: 2-oleoyl-1-palmitoyl-sn-glycero-3-phosphocholine 
7.1.2. LAB MEDIA: Figure 10 Video Editor please emphasize x-axis

7.2. In this table, typical values for the polymersomes obtained can be observed [1].

7.2.1. LAB MEDIA: Table 1 Video Editor please sequentially emphasize Ka, alpha-L, sigma-L, E-c, and Kb data columns

7.3. Note that the toughness of the membrane obtained from diblock copolymers [1] is far greater than those obtained with triblock copolymer [2].

7.3.1. LAB MEDIA: Table 1 Video Editor please emphasize 137 +/- 0.67 data block
7.3.2. LAB MEDIA: Table 1 Video Editor please emphasize PEO12-b-PDMS-43-b-PEO12 0.50 +/- 0.38 data block

7.4. Interestingly, using the diblock copolymer, it is possible to obtain giant hybrid unilamellar lipid-polymer vesicles that demonstrate a more robust toughness than that measured for liposomes [1].

7.4.1.1. LAB MEDIA: Table 1 Video Editor please emphasize PDMS-27-b-PEO17 + 5 wt.%POPC






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

8.1. Emmanuel Ibarboure: Be sure to complete each step with rigor and precision, particularly when setting up the tubing connection [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 5.4.2.)
8.2. Emmanuel Ibarboure: This procedure can be helpful for immobilizing GUV with a pipette. For example, to measure the permeability of the membrane through osmotic shock [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Jean-François Le Meins: This technique has been exploited to understand the physical origin of membrane fission through the measurement of line tensions at the domain boundaries in multi-phased vesicles [1]. 
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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