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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) NO  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope:
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) NO 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. 3.3.1, 4.6, 5.2.1, 5.2.2, 6.3, 6.7 (there is already a movie of this step in the submission) 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.

It is most important to show all steps that involve handling the GUVs (All steps surrounding the steps mentioned in point C of this questionnaire). However the focus of the article is on steps 3.3.1 and 4.6 for the two different methods presented.

E.  Will the filming need to take place in multiple locations? (Y/N) NO (lab and office on the campus) If yes, how far apart are the locations?

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to incorporate voltage-gated ion channels into giant unilamellar vesicles and characterize their activity with patch-clamp measurements. (Intro)
This is achieved by first partially dehydrating a solution of small vesicles containing the ion channel, KvAP (As far as I can see all our abbreviations are pronounced as single letters (G-U-V, S-U-V, K-v-A-P, D-I-C), to create a lipid-protein film. (P1, Editor, begin with the blue blob with the gray and green circles in P1.  Then bring in the platimum electroded and the agarose coated slide and place the drops of liposomes on the two as shown.  Then transition to the drops to the panels below the drops where the blue liquid is evaporated to form a lipid-protein film.)
Next, the lipid film is rehydrated, which causes the formation and growth of cell-sized Giant Unilamellar Vesicles, or GUVs, containing the channel. (P2, Editor, transition to the top two panels in P2 where the blue is now the background, then transition to the bottom two panels)  

Then, the GUVs are transferred to a recording chamber and a piece of GUV membrane is excised with a patch pipette in order to measure ion currents. (P3, Editor, bring the round circle out of one of the panels from P2 as shown and in P3, then bring in the bottom portion of the left panel in P3 and place the circle into the top.  Then bring in the gray long cone shape with the rectangle and the line on the other end that touches the green cyiinder on the circle as shown.  Then transition to the right hand panel that shows the green portion inside the cone, the circle gone, and the signal for the current inside the rectangle at the top.)
The results show that the ion channels in the GUV membrane activate in response to changes in membrane voltage based on the analysis of the current recordings. (P4, Editor, bring in panel A in P4 and then panel B.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  Author Gil will be recording his interview and conclusions in a separate location from the filming of the protocol.
1.1. Author name Patricia: Giant unilamellar vesicles can help answer key questions in the field of biophysics related to membrane protein interactions such as the interplay of transmembrane proteins with the physical properties of the lipid membrane.  

1.2. Author name Gil: Though this method can provide insight into the function of the voltage-gated ion channel, KvAP, it can also be applied to other ion channels, transporters and pumps, and transmembrane proteins in general. (provided by the lab 1-2_7-3_SubID52281_DiBella_Toombes_Intro_End.mp4)
1.3. Author name Matthias: Visual demonstration of this method is critical as the steps involving manipulation of the Giant vesicles are difficult to pick up by reading articles.   

Protocol (read by voice talent at JoVE):

2. Giant Unilamellar Vesicle Growth by Electroformation

2.1. After preparing solutions and small unilammelar vesicles containing KvAP according to the text protocol, prepare the electroformation chamber by inserting the wires through the holes and rotating and wiping the wires to make sure they are clean, sonication and drying under a stream of Nitrogen or air. 
2.1.1. WIDE Talent at bench places vesicle sample on bench near solutions 

2.1.2. MED/CU Talent begins to place wires through holes

2.1.3. CU Talent finishes inserting wires and wipes them to make sure they’re clean

2.1.4. EXTRA sonication

2.1.5. EXTRA wires are blow dried

2.2. Prepare 30 ul of 3 mg/mL SUV suspension in SUV buffer as described in the text protocol.  Mix the solution vigorously. 

2.2.1. CU Talent adds SUV suspension to SUV buffer and mixes vigorously

2.3. To deposit the SUV solution, use a 2 ul pipette or 5 ul glass syringe to place small droplets of the SUV solution on the wires.  Make sure the drops are small enough and spaced far enough apart that they do not touch or fuse.

2.3.1. CU/ECU Talent drops small droplets of SUV solution on wires that are spaced far enough apart so they don’t fuse

2.4. Let the deposited SUVs dry for ~30 minutes in open air.  When the droplets have settled, rotate the wire so the lipid deposits will be easier to observe with the microscope.

2.4.1. MED/CU Talent starts a 30 minute timer

2.4.2. CU/ECU Talent rotates wire so lipid deposits will be easily observed under scope

2.5. Next, use a syringe to apply vacuum grease to the bottom of the chamber around the three wells and gently press a 40 mm x 22 mm coverslip against it to seal the chamber bottom so that it adheres without a gap.

2.5.1. CU Talent applies vacuum grease to bottom of chamber around three wells

2.5.2. CU Talent gently presses coverslip against it to seal chamber

2.6. Then use sealing paste to seal the sides of the chamber and apply vacuum grease on the top of the chamber outlining the three wells.

2.6.1. CU Talent adds sealing paste to seal sides of chamber

2.6.2. CU Talent adds vacuum grease to top of chamber to outline three wells

2.7. Slowly add growth buffer until each well is filled to the top.  Avoid any rapid movement of the solution in the wells as this can strip the lipid film off the electrodes. 

2.7.1. CU Talent adds growth buffer and fills well to top then moves to next well

2.8. Close the chamber by gently pressing the top cover slide onto the grease, taking care not to dislodge the bottom coverslip.  Use two alligator clips to connect the signal generator to the wires.

2.8.1. CU/ECU Talent carefully presses top cover slide onto grease

2.8.2. CU Talent attaches two alligator clips to connect signal generator to wires

2.9. Set the frequency according to the salt concentration of the buffer being used and with a multimeter, measure and adjust the voltage across the wires also according to your buffer.

2.9.1. MED/CU Talent sets frequency 

2.9.2. MED/CU Talent measures voltage across the wires and adjusts if necessary

2.10. Use aluminum foil to cover the chamber to protect the fluorophores from light.  Leave the GUVs to grow for two to three hours for the low-salt buffer and 12 hours or overnight for the high-salt buffer.  

2.10.1. MED/CU Talent covers chamber with foil

2.10.2. WIDE/MED Talent walks away from bench where chamber is covered

2.11. After the incubation, disconnect the chamber from the generator and carefully place it on an inverted microscope to evaluate GUV growth.

2.11.1. MED/CU Talent disconnects chamber

2.11.2. MED/CU Talent carefully places chamber on inverted microscope and checks under scope

2.11.3. LAB MEDIA 52281fig4highres.jpg showing GUV growth
3. Giant Unilamellar Vesicle Growth by Gel-assisted Swelling
3.1. Plasma-clean a cover slide for 1 minute so that the agarose solution will spread nicely on it.  Within 15 minutes of cleaning the cover slide, apply 200 ul of warm agarose solution, prepared according to the text protocol, so that it wets the entire surface. 
3.1.1. MED/CU Talent plasma cleans cover slip

3.1.2. CU Talent applies agarose solution and it wets the entire surface of the cover slip

3.2. Tilt the slide vertically and touch the lower edge on a tissue to remove excess liquid, leaving a thin smooth layer of agarose on the slide. 

3.2.1. CU Talent tilts slide vertically and touches lower edge on tissue to remove excess liquid

3.2.2. CU/ECU of thin, smooth layer of agarose on slide

3.3. Place the slide on a hot plate or oven at 60°C and leave it to dry for at least 30 minutes (TEXT: After slide cools, use immediately, or store at 4°C). 

3.3.1. CU Talent places slide on a hot plate in an oven
3.3.2. CU Talent places cooled slide into container and closes slide on the bench to cool down
3.3.3. WIDE/MED Talent places container in fridge

3.4. Next, place an agarose-coated coverslip in a standard 3.5 cm Petri dish.  Then, after preparing the SUV solution, gently apply ~15 ul in ~30 very small drops onto the agarose surface.  Take care not to distort the agarose layer too much.

3.4.1. CU Talent places cover slip in Petri dish

3.4.2. CU Talent pipettes up SUV solution

3.4.3. [combined with 3.4.2] ECU Talent places droplets on slide 
3.5. Place the slide under a gentle stream of nitrogen for about 10-15 minutes and follow the evaporation of the buffer by eye as the droplets dry.  As soon as the SUVs have dried, add ~1 ml of growth buffer to cover the slide surface. 

3.5.1. MED/CU Talent places slide under gentle stream of nitrogen

3.5.2. CU/ECU of cover slip and droplets drying

3.5.3. CU Talent adds growth buffer to cover slide surface

3.6. Allow the swelling to proceed for ~30 minutes and then use an inverted microscope with phase-contrast or DIC to examine the growth of the GUVs in the growth chamber. 

3.6.1. MED/CU Shot of growth buffer in Petri dish on cover slip

3.6.2. MED Talent at scope checking growth

3.6.3. LAB MEDIA 52281fig5highres.jpg, Editor, bring this in as a split screen with 3.6.2 (just after 3.6.2) and then zoom in to full screen with the image 
4. Harvesting and transferring GUVs

4.1. To patch clamp GUVs, passivate the chamber by adding a 5 mg/mL beta-casein solution, which prevents the GUVs from adhering, spreading and rupturing.  Incubate for 5 minutes and rinse. 

4.1.1. MED/CU Talent adds beta casein solution to chamber

4.1.2. MED/CU Talent starts 5 minute timer

4.2. Insert the ground electrode, and use observation buffer to fill the chamber. Next transfer the GUVs to the observation chamber. 
4.2.1. CU Talent inserts ground electrode

4.2.2. CU Talent fills observation buffer chamber

4.2.3. CU Talent transfers 10 ul of GUV suspension into chamber

4.3. For electro-formed GUVs, open the growth chamber by gently removing the top coverslip.  Place the pipette tip directly above each wire and to detach the GUVs, slowly aspirate ~10 ul while moving the pipette tip along the wire.

4.3.1. CU/ECU Talent moves top coverslip

4.3.2. CU/ECU Talent places tip above a wire and slowly aspirates while moving the pipette tip along the wire to detach the GUVs

4.4. For gel-assisted swelling GUVs, first tap the side of the Petri dish a few times to detach the GUVs from the coverslip surface.  

4.4.1. CU/ECU Talent taps side of dish a few times to detach GUVs

4.5. Position the pipette tip just above the coverslip and aspirate 10 ul while pulling the tip back over the surface.  Directly transfer the harvested GUVs to the observation chamber. (TEXT: Alternatively the GUVs can be stored at 4°C in a micro centrifugation tube). Wait a few minutes for the GUVs to settle to the bottom. 

4.5.1. CU/ECU Talent aspirates 50 10 ul while pulling the tip back over the surface

4.5.2. CU Talent transfers GUVs to an observation chamber 
4.5.3. ECU GUVs settle to bottom of chamber

5. Patch-clamping GUVs
5.1. To patch clamp the GUVs, use observation buffer to fill a fresh patch pipette and mount it on the patch-clamp headstage. Search through the chamber to locate a ‘defect-free’ GUV and check that it contains fluorescent protein.

5.1.1. CU Talent uses observation buffer to fill a fresh patch pipette

5.1.2. CU Talent mounts pipette on patch clamp headstage

5.1.3. LAB MEDIA Figure 6 for the defect free GUV
5.2. Apply a constant positive pressure of more than 100 Pascals to keep the patch pipette interior clean, and insert the patch pipette into the chamber.   

5.2.1. MED/CU Talent applies 100 Pascals of pressure

5.2.2. CU Talent inserts patch pipette into chamber

5.3. Bring the patch pipette into the field of view, and apply test pulses to measure or compensate the pipette voltage offset and resistance.  Then examine the pipette under fluorescent illumination to confirm that the tip is clean.

5.3.1. SCREEN/LAB MEDIA Patch pipette in field of view, Authors will provide additional footage for this step (5-3-1_pipette in field of view_20141014v1.avi.mp4)
5.3.2. MED/CU Talent applies test pulses to measure or compensate the pipette voltage offset and resistance

5.3.3. SCREEN/LAB MEDIA Talent examines pipette under fluorescence to confirm tip is clean (5-3-3_examine pipette_20141014v1.avi.mp4)
5.4. Bring the patch pipette towards the GUV and if necessary, simultaneously reduce the positive pressure so that the outward flow from the patch pipette does not make the GUV ‘run away.’ 

5.4.1. LAB MEDIA – Movie1 20140318 demo patch cut.avi.mp4 (this movie may have to be slowed down to fit with the VO) Use frames 60 -100  here (Authors may provide additional video for the beginning before the pipette touches the GUV) [note that the frame number is show in the bottom part in the middle]
5.4.2. CU Talent reduces positive pressure; Editor, use as a split screen with 5.4.1 (see 5.2.1)
5.5. When the patch pipette is close to the GUV, apply negative pressure to pull the GUV against the patch pipette.  Monitor the resistance as the tongue of the GUV membrane enters the patch pipette and the gigaseal forms.

5.5.1. LAB MEDIA – Movie1 20140318 demo patch cut.avi.mp4; frames 100 - 200 when gigaseal forms
5.5.2. CU Talent applies negative pressure; Editor use this as a split screen with 5.5.1 to show that GUV moves towards pipette as negative pressure is applied

5.5.3. CU of the resistance value as the tongue of GUV membrane enters patch pipette; Editor, replace 5.5.2 in split screen with 5.5.3 as just before the GUV enters pipette  

5.6. When the inside-out membrane patch has been excised from the GUV and the gigaseal is stable, switch off the test pulses and apply a voltage protocol as outlined in the text. 
5.6.1. LAB MEDIA – Movie1 20140318 demo patch cut.avi.mp4; frames 400 - 550
5.6.2. MED/CU Talent switches off test pulses

5.6.3. MED Talent applies voltage protocol (with 5.6.2 take 2 from 53/35/00) [the end of take 2 should show protein activity]
6. Results: Microscopy and Patch Clamp Studies of KvAP GUVs 
6.1. This figure shows DIC and epifluorescence images of a ‘defect-free’ GUV. The uniform protein fluorescence in the GUV membrane confirms that KvAP is incorporated in the GUV rather than remaining in the lipid film and has not formed aggregates.
6.1.1. LAB MEDIA Figure 6, Editor, for ‘the uniform protein fluorescence,’ point out the bright outline of the circle in the right hand panel
6.2. GUVs produced using the three methods are seen here.  The fluorescent lipid and protein signals have been scaled to the same average intensity, so that GUVs with a low/high protein density have a magenta/green shade in the overlay images, while GUVs with an average protein density are white.
6.2.1. LAB MEDIA Figures 7, 8, and 9, Editor, point out a couple of the circles on the right hand side of 7B that are both magenta and green, and for ‘GUVs with average intensity,’ point out white circles in 8B (right side) and 9B, right side
6.3. Isolated, defect-free GUVs were identified and the GUV size distribution is shown here.  Typically electroformation produces more defect-free GUVs than gel-assisted swelling, but the GUVs produced by electroformation are smaller.
6.3.1. LAB MEDIA Figure 10, Editor, for ‘the GUVs produced by electroformation are smaller,’ point out the bars in the platinum wires graph around 5-10 microns in diameter
6.4. Shown here is the protein density distribution inferred from GUV fluorescence.  Electroformation with high-salt buffer produces GUVs with varying protein densities. The density varies much less for electroformation with low salt buffer, and the protein density of GUVs produced by gel-assisted swelling is remarkably uniform. 
6.4.1. LAB MEDIA Figure 11, for ‘produces GUVs with varying protein densities,’ point out the bars in the middle panel.  For ‘Then density varies much less…’ point out the bars in the to graph.  For the GUVs produced by gel-assisted swelling’ point out the bars in the bottom panel.


6.5. Depending on the protein concentration in the excised patch the current traces show either single channels or an ensemble of channels. KvAP shows voltage dependent opening.

6.5.1. LAB MEDIA Figure 12, Editor, bring in figure 12 first for traces showing single channels and and then 13 for an ensemble of channels.
6.5.2. LAB MEDIA Figure 13 
7. Conclusion (said by authors on camera)
7.1. Author name Matthias: While attempting this procedure, it’s important to remember that GUVs are fragile objects, not resistant to shear and osmotic stress.

7.2. Author name Patricia: Following this procedure, other methods like pulling lipid nano tubes can be performed in order to answer additional questions like curvature sensing of proteins. (zoom in a bit to avoid the poster on the left, I couldn’t have seen it during the shooting)
7.3. Author name Gil: After watching this video, you should have a good understanding of how to produce GUVs containing functionally reconstituted proteins. (provided by the lab 1-2_7-3_SubID52281_DiBella_Toombes_Intro_End.mp4)
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.  

1.2 – 1-2_7-3_SubID52281_DiBella_Toombes_Intro_End.mp4 - Gil intro

2.11 – 52281fig4highres.jpg -Giant unilamellar vesicles on the platinum wire

3.6 – 52281fig5highres.jpg -Giant unilamellar vesicles on the agarose gel
5.3 – 5-3-1_pipette in field of view_20141014v1.avi.mp4 – pipette is brought into the field of view

5.3 – 5-3-3_examine pipette_20141014v1.avi.mp4 – pipette is examined with fluorescence
5.4, 5.5, 5.6 – Movie1 20140318 demo patch cut.avi.mp4 -Demo movie showing the seal formation, excision and measurement

6.1 – 52281fig6highres.jpg -Images of a defect free GUV in Differential interference contrast and fluorescence

6.2 – 52281fig7highres.jpg -Confocal image of GUVs grown in the low salt buffer on platinum wires

6.2 – 52281fig8highres.jpg -Confocal image of GUVs grown in the high salt buffer on platinum wires

6.2 – 52281fig9highres.jpg -Confocal image of GUVs grown in the high salt buffer on agarose

6.3 – 52281fig10highres.jpg -Size distribution of GUVs

6.4 – 52281fig11highres.jpg –Protein density variation in GUVs

6.5 – 52281fig12highres.jpg –single channel currents of KvAP

6.5 – 52281fig13highres.jpg –KvAP ensemble and Current-Voltage plot

7.3 – 1-2_7-3_SubID52281_DiBella_Toombes_Intro_End.mp4 - Gil conclusion

Insert your media filenames here.

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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


