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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?  NO

3. Filming location: Will the filming need to take place in multiple locations?   YES, same building

Current Protocol Length
Number of Steps:  25
Number of Shots:  55 

Introduction
NOTE to Video editor: Please refer to the file “JoVE_68340_Pontedera_Usable takes.txt” available in the documents folder for the usable files on the interview and protocol shots

Videographer: Obtain headshots for all authors available at the filming location. 
1.1. Stefano Palagi: We aim at cell-like microrobots that navigate through body tissues for locally administering therapies. They are based on Giant Unilamellar Vesicles, have a phospholipidic membrane and contain active particles [1].
1.1.1. [bookmark: _Hlk194676695]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.5.1

What research gap are you addressing with your protocol?
1.2. [bookmark: _Hlk203477211]Dario Cecchi: This protocol offers a guide for beginners who want to adopt, and adapt, the droplet transfer method in synthetic biology and in other fields (for example in microrobotics) [1].
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.9.1

What advantage does your protocol offer compared to other techniques?
1.3. Dario Cecchi: Compared to other GUV preparation techniques, this protocol offers high encapsulation efficiency and straightforward execution, making it accessible to any research group with basic laboratory equipment [1].
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.4.1

What research questions will your laboratory focus on in the future?
1.4. Elisa Roberti: We will assess GUV-based microrobots’ navigation in tissue-like settings and implement sensing strategies to enable autonomous movement towards diseased cells [1].
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 5.1.1
Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
2. Preparing the Lipid Solution (LS)
Demonstrator: Dario Cecchi 

2.1. To begin, move the glove chamber either inside or beside a chemical hood [1]. Open the glove chamber and place a crystallizer filled with silica particles at the bottom of the chamber [2]. Cover the crystallizer with the white support surface [3] and then layer it with paper towels [4].
2.1.1. WIDE: Talent positioning the glove chamber beside a chemical hood.
2.1.2. Talent opening the glove chamber and inserting a crystallizer with silica particles inside.
2.1.3. Talent placing a white support surface over the crystallizer.
2.1.4. Talent covering the surface with paper towels.

2.2. Insert all required materials into the glove chamber [1] and place the glass vial containing the chloroform solution on a cork ring holder or a 150-milliliter beaker positioned as close to the operator’s side as possible [2].
2.2.1. Shot of all listed materials placed into the glove chamber in an organized manner.
2.2.2. Talent positioning the vial with chloroform solution securely in a cork ring or beaker near the front of the chamber.

2.3. Now, close the glove chamber, ensuring that the two halves are securely aligned and cannot slide [1]. Use the provided plastic screws to completely seal the chamber [2].
2.3.1. Talent aligning the glove chamber halves precisely.
2.3.2. Talent fastening the plastic screws to seal the chamber.

2.4. Close the outlet valve and submerge pipe number 5 into a 500-milliliter beaker that is half-filled with water [1].
2.4.1. Talent sealing the outlet valve and placing the pipe into the water-filled beaker.

2.5. Next, connect the valve-regulated end of pipe number 2 to the vacuum line [1]. Then, connect the other end to the nitrogen line using pipe number 3 [2].
2.5.1. Talent attaching one end of the pipe to the vacuum line.
2.5.2. Talent connecting the opposite end to the nitrogen supply using pipe number 3.

2.6. Open the valve and turn on the vacuum line until the gloves inflate and become too rigid to bend [1]. Then, close both the vacuum line and the valve [2].
2.6.1. Talent opening the valve and activating the vacuum line; gloves visibly inflating.
2.6.2. Talent turning off the vacuum line and closing the valve.

2.7. Next, open the nitrogen line until the gloves deflate and extend out from the glove chamber [1-TXT]. 
2.7.1. Talent opening the nitrogen valve to allow gloves to deflate and become flexible. TXT: Repeat the vacuum and nitrogen cycle until the internal humidity is <40%

2.8. After donning gloves, use a Hamilton syringe to transfer the specified volume of DOPC (D-O-P-C) in chloroform solution into a dark glass vial [1-TXT]. Seal the vial with the cap containing the needles [2].
2.8.1. Talent using a Hamilton syringe to draw the chloroform solution. TXT: DOPC: 1,2-Dioleoyl-sn-glycero-3-phosphocholine 
2.8.2. Talent capping the dark glass vial with the preassembled needle-bearing cap.

2.9. Now, connect pipe number 6 to pipe number 8 and pipe number 7 to pipe number 9 using the two-way junctions [1].
2.9.1. Talent attaching pipes 6 and 7 to pipes 8 and 9 through the junction connectors.

2.10. Remove the gloves from the glove chamber and open the outlet valve [1].
2.10.1. Talent taking off the gloves and turning the outlet valve to open it.

2.11. Then, open the nitrogen line slowly and monitor the gas flow for bubbles in the beaker [1]. Gradually increase the nitrogen flow until a steady but observable bubbling rate is reached [2]. After 3 minutes of flow, close the nitrogen line [3].
2.11.1. Talent gently opening the nitrogen valve and looking at the beaker for bubble formation.
2.11.2. Talent adjusting the flow to achieve a stable, visible stream of bubbles.
2.11.3. Talent turning off the nitrogen line after 3 minutes.

2.12. Once the final bubble exits the beaker, close the outlet valve [1]. Put the gloves back on and disconnect pipes 8 and 9 from the two-way junctions [2].
2.12.1. Talent observing the beaker and sealing the outlet valve after the last bubble.
2.12.2. Talent wearing the gloves and detaching pipes 8 and 9 from the junctions.

2.13. Next, open the vial and move the cap back to the 50-milliliter tube [1]. Then open the oil bottle and transfer the required amount of oil into the dark vial [2]. Seal the vial with the cap again, remove the gloves, and open the glove chamber [3].
2.13.1. Talent removing the cap and repositioning it on the 50-milliliter tube.
2.13.2. Talent pipetting oil into the dark vial and resealing it with the cap.
2.13.3. Talent removing gloves and opening the glove chamber.

2.14. Vortex the sealed lipid suspension vial vigorously for at least 30 seconds [1], then incubate it at 80 degrees Celsius in a water bath for 30 minutes [2]. After vortexing the vial again, incubate it overnight at room temperature [3-TXT].
2.14.1. Talent vortexing the vial firmly.
2.14.2. Talent placing the vial in the 80 degrees Celsius water bath.
2.14.3. Talent placing the vial on the bench. TXT: Store the lipid solution at 4 °C for up to 1 week



3. GUVs (Giant Unilamellar Vesicles) Production: Setting up a Container for Easy Removal of Oil

3.1. Using scissors, cut off the cap from a 5-milliliter tube [1]. Drill an approximately 8-millimeter hole in the center of the cap to fit a P-1000 pipette tip [2]. If the hole is too wide to fit the tip, discard the cap and restart with a new one [3]. NOTE: VO is added now for shot 3.1.3, which was missed during scripting.
3.1.1. Talent cutting the cap from a 5-milliliter tube using scissors.
3.1.2. Talent drilling a central hole and testing fit with a P1000 pipette tip.
3.1.3. Talent discarding an ill-fitting cap and starting again with a new one.

3.2. With a 2 by 5-centimeter strip of sandpaper, smoothen the edges of the drilled hole [1]. Place the cap back on the 5-milliliter tube and centrifuge at 3,000 g for 5 minutes to eliminate any residual plastic particles [2]. Then, remove the cap and discard the tube [3].
3.2.1. Talent sanding the drilled hole using a prepared strip of sandpaper.
3.2.2. Talent securing the cap on the tube and placing it in the centrifuge.
3.2.3. Talent removing and discarding the centrifuged tube, retaining only the cap.

3.3. Now, cut the cap from a new 5-milliliter tube and replace it with the prepared holed cap [1]. Insert a P-1000 pipette tip through the hole and place an O-ring (Oh-ring) on top of the cap, locking it between the tip and the cap to prevent further downward movement [2]. Fill the tube with 5.5 milliliters of outer solution through the tip [3].
3.3.1. Talent swapping the cap of a new tube with the previously holed cap.
3.3.2. Talent placing an O-ring on the cap and inserting a P1000 tip to secure it.
3.3.3. Talent pipetting outer solution into the tube through the mounted tip.

3.4. Vortex the lipid suspension vial prepared earlier for at least 30 seconds [1]. Then, incubate it in the 50 degrees Celsius water bath for 30 minutes [2].
3.4.1. Talent vigorously vortexing the vial.
3.4.2. Talent placing the vial into the 50 degrees Celsius water bath for incubation.

3.5. Allow the water solutions prepared earlier to equilibrate at room temperature for at least 10 minutes [1].
3.5.1. Talent placing water solution tubes on the bench and letting them rest at room temperature.

3.6. Now, pipette 300 microliters of outer solution into a 1.5-milliliter tube or the previously modified 5 milliliter tube [1]. Slowly layer 100 microliters of lipid suspension on top of the oil solution, ensuring the formation of two distinct and continuous phases [2]. Let the interface stand undisturbed for 10 minutes to equilibrate [3].
3.6.1. Talent adding 300 microliters of outer solution to the selected tube.
3.6.2. Talent carefully pipetting 100 microliters of lipid suspension on top to form the interface.
3.6.3. Talent setting the tube aside .



4. GUVs (Giant Unilamellar Vesicles) Production: Water-in-Oil Emulsion Formation
Demonstrator: Elisa Roberti 

4.1. In a 2-milliliter tube, pipette 250 microliters of lipid suspension followed by 6.25 microliters of inner solution to prepare a 2.5 percent water-in-oil emulsion [1].
4.1.1. Talent pipetting lipid suspension and inner solution in the specified order into a 2 milliliter tube.

4.2. Mix the two phases until the emulsion appears homogeneous and stable [1]. Transfer 200 microliters of the prepared emulsion onto the oil solution-lipid suspension interface formed earlier [2].
4.2.1. Talent mixing the contents by vortexing.
4.2.2. Talent carefully pipetting the emulsion over the interface in the tube.

4.3. If using a 1.5-milliliter tube, simply close the tube [1]. If using the modified 5 milliliter tube, place a rubber cap on the pipette tip and gently transfer the entire tube into a 50-milliliter conical tube [2]. Centrifuge the tubes at room temperature at appropriate speed [3]. After centrifugation, verify that an opaque pellet is present at the bottom and that the oil phase is clear at the top [4].
4.3.1. Talent sealing a 1.5 milliliter tube with its cap.
4.3.2. Talent capping the tip with rubber and positioning the 5 milliliter tube inside a larger 50 milliliter tube.
4.3.3. Talent placing the tubes in the centrifuge and running the spin.
4.3.4. Close up of the pellet at the bottom and clarity of the oil layer.

4.4. To remove oil from the sample container used in earlier steps, remove the pipette tip from the tube while ensuring the rubber cap remains in place [1]. Discard the tip and retain the rubber cap, O-ring, and holed cap for future use [2].
4.4.1. Talent detaching the pipette tip from the modified container, keeping the rubber cap secure.
4.4.2. Talent discarding the used tip and storing reusable parts.

4.5. Using a P-1000 micropipette, remove the oil solution from the tube, leaving behind approximately 50 microliters and making sure not to disturb the pellet [1]. Change the pipette tip, then resuspend the pellet in the remaining 50 microliters of solution [2]. Finally, transfer the resuspended material to a clean 2 milliliter tube [3].
4.5.1. Talent carefully aspirating the oil phase, ensuring that the pellet remains intact.
4.5.2. Talent pipetting to mix the pellet into the residual volume.
4.5.3. Talent transferring the resuspended GUVs into a fresh tube.



Results
5. Results 

5.1. Lipid solutions prepared in environments with high humidity produced giant unilamellar vesicles with markedly lower yield and greater presence of disordered aggregates [1] compared to those prepared in a humidity-controlled chamber [2].
5.1.1. LAB MEDIA: Figure 6C. Video editor: Point to the large dark shapes with arrows indicating phospholipid aggregates.
5.1.2. LAB MEDIA: Figure 6A. 

5.2. At 3,300 g for 20 minutes, the yield and quality of sucrose-loaded vesicles were optimal [1], whereas both lower and higher centrifugation speeds led to unfavorable outcomes such as reduced yield or aggregate formation [2].
5.2.1. LAB MEDIA: Figure 7B. Video editor: Highlight the clearly visible round vesicles scattered across the image.
5.2.2. LAB MEDIA: Figure 7A and C. 

5.3. Mineral oil resulted in vesicles with a larger average diameter distribution [1], while silicone oil AR20 (A-R-Twenty) generated a significantly higher overall vesicle count [2].
5.3.1. LAB MEDIA: Figure 8A. Video editor: Highlight the peak of the mountain like curve.
5.3.2. LAB MEDIA: Figure 8B. Video editor: Highlight the peak of the mountain like curve.


Pronunciation Guide:
crystallizer
Pronunciation link: https://www.collinsdictionary.com/us/dictionary/english/crystallizer Merriam-Webster+1Encyclopedia Britannica+1Merriam-Webster+8Collins Dictionary+8Collins Dictionary+8
IPA: /ˈkrɪs·tə·laɪ·zər/
Phonetic: KRIS‑tuh‑LYE‑zər

crystallization
Pronunciation link: https://www.merriam-webster.com/medical/crystallization Collins Dictionary+2TheFreeDictionary.com+2Collins Dictionary+2How To Pronounce+4Merriam-Webster+4Merriam-Webster+4
IPA: /ˌkrɪs·tə·ləˈzeɪ·ʃən/
Phonetic: KRIS‑tuh‑luh‑ZAY‑shuhn

silica
Pronunciation link: https://www.cambridge.org/pronunciation/english/silica (US) Cambridge Dictionary
IPA: /ˈsɪl·ɪ·kə/
Phonetic: SIL‑ih‑kuh

chloroform
Pronunciation link: Merriam‑Webster entry https://www.merriam-webster.com/dictionary/chloroform
IPA: /ˈklɔɹ·ə·fɔɹm/
Phonetic: KLOR‑uh‑form

vortex
Pronunciation link: https://www.merriam-webster.com/dictionary/vortex
IPA: /ˈvɔɹ·teks/
Phonetic: VOR‑teks

emulsion
Pronunciation link: https://www.merriam-webster.com/dictionary/emulsion TheFreeDictionary.comMerriam-Webster+5How To Pronounce+5YouTube+5Merriam-Webster+5Merriam-Webster+5Merriam-Webster+5Merriam-Webster+15YouTube+15YouTube+15How To Pronounce
IPA: /ɪˈmʌl·ʃən/
Phonetic: ih‑MUL‑shuhn

unilamellar
Pronunciation link: https://www.merriam-webster.com/medical/unilamellar Merriam-Webster+15Merriam-Webster+15Merriam-Webster+15
IPA: /ˌjuː·nɪ·ləˈmɛl·ər/
Phonetic: yoo‑NI‑luh‑MEL‑ər

vesicle
Pronunciation link: https://www.merriam-webster.com/dictionary/vesicle
IPA: /ˈvɛs·ɪ·kəl/
Phonetic: VESS‑ih‑kuhl

conical
Pronunciation link: https://www.merriam-webster.com/dictionary/conical
IPA: /ˈkɑː·nɪ·kəl/
Phonetic: KAH‑nih‑kuhl

cork ring
Pronunciation link: descriptive; "cork" https://www.merriam-webster.com/dictionary/cork
IPA: /kɔɹk/; + ring /rɪŋ/
Phonetic: KORK‑ring

phosphocholine
Pronunciation link: https://www.howtopronounce.com/phosphocholine Merriam-Webster+3TheFreeDictionary.com+3Merriam-Webster+3Merriam-WebsterYouTube+11How To Pronounce+11How To Pronounce+11
IPA: /ˌfɑs·foʊ·ˈkoʊ·laɪn/
Phonetic: FAWS‑foh‑KOH‑lyn
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