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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)Answer: 3.2.1, 3.4.1, 3.4.2, 3.5.2, 3.6.1, 5.2 
D.  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.)  
Answer: 5.1. This step is difficult because it requires positioning of the micropipette tip at a distance of approximately 3 microns from the GUV without breaking the pipette tip.

To ensure the success, use the fine mode of the micromanipulator. 
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? __Different parts of the same corridor__
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Tatsiana Lobovkina: We present a technique for micromanipulation of giant vesicles, using localized calcium ion gradients [1-MED].
1.1.1. Tatsiana speaks towards the camera, interview style. 
1.2. Tatsiana Lobovkina: The main advantage of this technique is the entirely contactless stimulation of the vesicle’s surface and the direct visualization of membrane remodeling [1-MED]. 
1.2.1. Tatsiana speaks towards the camera, interview style. 
Videographer note: 1.1 and 1.2 were combined. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Baharan Ali Doosti: Our approach introduces a means to address the details of calcium ion-membrane interactions, providing new avenues to study the mechanisms of cell membrane reshaping upon changes in cell microenvironment [1-MED].     
1.3.1. Baharan speaks towards the camera, interview style. 
Protocol: (read by voice talent at JoVE)
2. Preparation of Small Lipid Vesicles
2.1. To begin this procedure, prepare a solution of lipids in chloroform [1-MED-TXT].  The final concentration of lipids in chloroform is 1 milligram per milliliter, and the final mass is 0.6 milligrams [2-CU-TXT]. 
2.1.1. Talent prepares a solution of lipids in chloroform in a disposable round bottom glass vial. Continue action in next shot.  TEXT Overlay: SPE:DOPS:ATTO488-DOPE, 79:20:1 mass mixing ratio
2.1.2. Talent shows the final solution of lipids in the disposable round bottom glass vial labeled with SPE/DOPS/ATTO488. TEXT: SPE:DOPS:ATTO488-DOPE, 79:20:1 mass mixing ratio 
2.2. Wrap the glass vial containing the lipid mixture with metal foil to protect the contents from ambient light [1-MED-over the shoulder].
2.2.1. Talent wraps the glass vial containing the lipid mixture with metal foil.
2.3. Place the metal foil wrapped sample vial inside a glass beaker. To remove the chloroform, evaporate the solvent in a rotary evaporator for 3 hours with the pressure reaching 7 kiloPascal vacuum at 80 rpm [1-MED].  A dry lipid film is formed at the bottom of the glass vial after evaporation [2-CU].
2.3.1. Talent shows the metal foil wrapped sample vial inside the beaker.
2.3.1.2. Added shot: Talent turns on the rotary evaporator.
2.3.2. Glass vial as talent displays to the camera, showing the lipid film.
2.4. Slowly add 600 microliters of phosphate buffered saline buffer solution on top of the dried lipid film [1-MED-over the shoulder].  
2.4.1. Talent adds 600 microliters of phosphate buffered saline buffer solution on top of the dried lipid film.
2.5. Following the addition of the buffer, gently add 6 microliters of glycerol to protect the sample from complete dehydration during the formation of a giant unilamellar vesicle connected to a multilamellar vesicle, or GUV-MLV (pronounced as “G-U-V M-L-V”) [1-CU].  
2.5.1. Lipid film as talent gently adds 6 microliters of glycerol.
2.6. Seal the glass vial using parafilm and cover with metal foil to protect from ambient light [1-MED-over the shoulder].  Store the vial at 4 degrees Celsius overnight [2-MED]. 
2.6.1. Talent seals the glass vial using parafilm and covers with metal foil.
2.6.2. Talent places the covered vial into the refrigerator.
2.7. The following day, sonicate the glass vial containing the solution for 1 minute using an ultrasonication bath at room temperature [1-MED-over the shoulder].
2.7.1. Talent sonicates the glass vial containing the solution.  
2.8. Remove the parafilm and pipette until a visually uniform solution of small lipid vesicles is formed [1-CU].  Aliquot 30 microliters of the obtained small lipid vesicle solution into individual 0.5-milliliter plastic tubes [2-MED-over the shoulder]. 
Videographer note: 2.8.0 was an added shot but it is not needed. 
2.8.1. Vial as talent removes the parafilm and pipettes until a visually uniform solution of small lipid vesicles is formed.
2.8.2. Talent aliquots 30 microliters of the obtained small lipid vesicle solution into separate 1 milliliter plastic tubes.
3. Preparation of GUV-MLV Complexes
3.1. Thaw a plastic tube containing an aliquot of the frozen suspension of small lipid vesicles at room temperature [1-MED-over the shoulder].  Vortex the tube 4 times for 1 to 2 seconds using a vortex mixer at maximum speed [2-MED].
3.1.1. Talent leaves a plastic tube containing an aliquot of the frozen suspension of small lipid vesicles to thaw at room temp.
3.1.2. Plastic tube with thawed contents as talent vortexes it.
3.2. Place 5 microliters of the small lipid vesicle suspension onto the surface of a glass cover slip to form a small round droplet.  Use a glass cover slip without any pre-cleaning steps [1-CU or ECU-TXT].
3.2.1. Glass cover slip as talent places 5 microliters of the small lipid vesicle suspension onto the surface to form a small round droplet.  TEXT Overlay: 24 ( 60 mm
3.3. Now, place the glass cover slip in a vacuum desiccator for 20 minutes [1-MED-TXT]. 
3.3.1. Talent places the glass cover slip on a vacuum desiccator.  TEXT Overlay: <100 kPa vacuum
3.4. Store the dried lipid film at room temperature for 4 minutes [1-MED-over the shoulder].  Then, slowly pipette 50 microliters of 10 milliMolar HEPES buffer on top of the dry lipid film for rehydration [2-CU].  Wait 5 minutes to pre-form the GUV-MLV complexes [3-LM].
3.4.1. Talent leaves the dried lipid film and starts a timer to count down from 4 minutes.
3.4.2. Coverslip as talent pipettes 50 microliters of 10 milliMolar HEPES buffer on top of the dry lipid film.
3.4.3.  57789_Lobovkina_Fig2C  
3.5. Center a glass cover slip on the microscope stage [1-MED].  Then, pipette 300 microliters of HEPES buffer on it and position the center of the droplet above the objective [2-CU].
3.5.1. Talent centers the glass cover slip on the microscope stage.
3.5.2. Glass cover slip as talent pipettes 300 microliters of HEPES buffer on it and positions the center of the droplet above the objective. 
3.6. Transfer the 50 microliters of pre-formed GUV-MLV solution into the HEPES solution [1-ECU].  Wait 25 minutes to allow sparsely formed GUV-MLV complexes to firmly adhere to the surface of the glass cover slip [2-LM]. 
3.6.1. Droplet as talent pipettes 50 microliters of the pre-formed GUV-MLV solution onto the HEPES buffer. 
3.6.2. 57789_Lobovkina_Fig2D   
4. Micropipette Preparation and Microinjection 
4.1. Round the edges of the borosilicate glass capillaries by gently placing the capillary ends into the flame of a candle to prevent the micropipette from being broken while attaching it to the micropipette holder [1-MED].
4.1.1. Talent rounds the edges of the borosilicate glass capillaries by gently placing the capillary ends into the flame of a candle.
4.2. Pull at least 3 glass capillaries using an automatic laser puller [1-MED-over the shoulder-TXT].  Use the borosilicate glass capillaries referenced in the text to achieve a micropipette with a tip opening of approximately 0.3 microns in diameter [2-CU]. 
4.2.1. Talent programs the automatic laser puller.  TEXT Overlay: See text for program
4.2.2. Talent shows pulled micropipettes, pointing out the opening. 
4.3. To avoid clogging the pipette tip, filter a 5 milliMolar calcium chloride solution in HEPES buffer calcium chloride solution using a 0.2 to 0.5 micron syringe filter prior to usage [1-MED].  Then, back-fill each micropipette with 8 microliters of the calcium chloride solution using a microloader [2-CU].
4.3.1. Talent filters a 5 milliMolar calcium chloride solution in HEPES buffer calcium chloride solution using a 0.2 to 0.5 micron syringe filter. Use labeled containers. 
4.3.2. Micropipette as talent back-fills with 8 microliters of the calcium chloride solution using a microloader.
4.4. Connect a micropipette holder to a micromanipulator [1-MED].  Mount the micropipette into the micropipette holder tightly [2-CU].  Then, connect the injection pump and capillary holder using the supply tube [3-MED-over the shoulder]. 
4.4.1. Talent connects a micropipette holder to a micromanipulator.
4.4.3 Talent connects the injection pump and capillary holder using the supply tube.
4.4.2. Micropipette holder as talent mounts the micropipette.
4.4.3. Talent connects the injection pump and capillary holder using the supply tube. 
4.5. After starting the injection pump, adjust the settings on the injection pump to a 20 hectoPascal injection pressure. Also, set a 5 hectoPascal compensation pressure and turn on automatic mode. Pause the injection pump until the micropipette is ready for the microinjection [1-MED-over the shoulder].
4.5.1. Talent adjusts the settings on the injection pump to a 20 hectoPascal injection pressure and adjusts to 5 hectoPascal compensation pressure. Talent pauses the injection pump until the micropipette is ready for microinjection. 
4.5.2. Injection pump as talent sets a 5 hectoPascal compensation pressure and turns on automatic mode.
4.5.3. Talent pauses the injection pump until the micropipette is ready for microinjection. 
4.6. Set the microscope to brightfield mode.  Configure it for differential interference contrast [1-MED-over the shoulder].  
4.6.1. Talent sets the microscope to brightfield mode and configures it for differential interference contrast. 
4.6.2. 100X high NA objectives as talent positions them.
4.7. Use the coarse micromanipulator to position the micropipette above the droplet containing the GUV-MLV complexes [1-CU or ECU].  Locate the tip of the micropipette above the objective and bring the pipette down to the droplet using the coarse micromanipulator [1-MED or WIDE-TXT]. 
4.7.0. Added shot: Display of both the microscope stage as well as the micromanipulator controller [1-WIDE]. 
4.7.1. Coarse micromanipulator as talent positions the micropipette above the droplet containing the GUV-MLV complexes. Talent locates the tip of the micropipette above the objective and brings the pipette down to the droplet using the coarse micromanipulator  
4.7.2. Added shot: A wide extra shot. 
4.8. Locate the tip of the micropipette above the objective and bring the pipette down to the droplet using the coarse micromanipulator [1-MED or WIDE-TXT]. 
4.8.1. Talent locates the tip of the micropipette above the objective and brings the pipette down to the droplet using the coarse micromanipulator 
4.8.2. 57789_Lobovkina_SCREEN_5.1.1: Screen capture movie of the software of the micropipette tip at a distance of approximately 20 microns from the GUV surface and the approach of the pipette tip to the surface of the GUV membrane at a distance of 3 microns using the fine mode of the micromanipulator
5. Formation and Translation of Membrane Tubular Protrusions (MTPs) using the Calcium Ion Source 
5.1. Set the microscope to fluorescence mode [1-CU or 1-MED]. Position the micropipette tip at a distance of 3 microns from the membrane surface while injecting the calcium chloride solution from the micropipette to allow MTPs to form [1-SCREEN].
5.1.1. The talent sets the microscope into fluorescence mode.  Videographer note: This was shot with lights on in the room, then lights are out to show laser light, and a close up too. 
5.1.2. 57789_Lobovkina_SCREEN_5.2.1: Screen capture movie of the microscope software as talent positions the micropipette tip at a distance of 3 microns from the membrane surface while injecting the calcium chloride solution from the micropipette.  Video editors – this video is only 3 seconds, so please slow it down or pause it at the beginning or end to cover the narrated.
5.2. Position the micropipette tip at a distance of 3 microns from the membrane surface while injecting the calcium chloride solution from the micropipette to allow MTPs to form [1-SCREEN]. 
5.2.1. 57789_Lobovkina_SCREEN_5.2.1: Screen capture movie of the microscope software as talent positions the micropipette tip at a distance of 3 microns from the membrane surface while injecting the calcium chloride solution from the micropipette.  Video editors – this video is only 3 seconds, so please slow it down or pause it at the beginning or end to cover the narrated.
5.3. To translate the MTPs along the GUV surface, slowly move the pipette tip around the GUV surface using the fine micromanipulator.  Maintain approximately the same distance between the GUV surface and the micropipette tip while continuing the calcium ion injection [1-SCREEN]. 
5.3.1. 57789_Lobovkina_SCREEN_5.3.1: Screen capture movie of the microscope software as talent slowly moves the pipette tip around the GUV surface using the fine micromanipulator. Talent maintains approximately the same distance between the GUV surface and the micropipette tip while continuing the calcium ion injection.
5.4. To stop the microinjection, turn off the injection pump [1-MED-over the shoulder]. 
5.4.1. Talent turns off the injection pump.
6. Results:  Formation of Membrane Tubular Protrusions in Giant Vesicles Upon Localized Application of Calcium Ion Gradients 
6.1. A representative fluorescent microscopy image of GUV-MLV complex immobilized on the surface of a glass cover slip is shown here [1-LM]. 
6.1.1. 57789_Lobovkina_Figure1.tif 
6.2. The membrane tubular protrusions generated upon localized injection of calcium ions at the surface of the GUV can be seen in these images [1-LM].
6.2.1. 57789_Lobovkina_Figure2_no_Label.tif - Video editors, please highlight the marks in the center panel and the right panel that represent the injection pipette coming in. 
6.3. Translation of the micropipette tip around the membrane surface, as indicated by the arrow [1-LM], triggers movement of the membrane tubular protrusions in the direction of the calcium ion source [2-LM].
6.3.1. 57789_Lobovkina_ Figure3_no_Label.tif - Video editors, please highlight the arrow in the left panel and the center panel that represent the injection pipette coming in.  
7. Conclusion (said by authors on camera)
7.1. Baharan Ali Doosti: To summarize, we propose a technique, which allows for contactless membrane remodeling of giant lipid vesicles, which results in the formation of membrane tubular protrusions upon localized stimulation with calcium ions [1-MED].
7.1.1. Baharan speaks towards the camera (looking slightly off-camera), interview style.
7.2. Tatsiana Lobovkina: Future applications of this method include translation from the synthetic giant vesicles to native biological membrane, or, applying this technique to polymeric systems with the purpose of developing contactless manipulation platforms [1-MED].
7.2.1. Tatsiana speaks towards the camera (looking slightly off-camera), interview style.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
LAB MEDIA (LM):
57789_Lobovkina_Fig2C  
57789_Lobovkina_Fig2D   
57789_Lobovkina_Figure1.tif 
57789_Lobovkina_Figure2_no_Label.tif 

57789_Lobovkina_ Figure3_no_Label.tif 
SCREEN Capture Movies:

5.1.2 –  57789_Lobovkina_SCREEN_5.1.1.avi -  differential interference contrast imaging of the micropipette approaching the GUV surface from the distance of approximately 20 microns to 3 microns at 100X

5.2.1 –  57789_Lobovkina_SCREEN_5.2.1.avi -  fluorescence microscopy imaging demonstrating the formation of membrane tubular protrusions at 100X, the movie is inverted for better visualization. 
5.3.1 –  57789_Lobovkina_SCREEN_5.3.1.avi -  fluorescence microscopy imaging of calcium ion-guided translation of membrane tubular protrusions at 100X, the movie is inverted for better visualization.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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