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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera? 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
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.
NOTE: As part of this publication, Matlab code is released. Filming of the Matlab code is not requested (i.e., in the manuscript, this step-by-step description is given in STEP 7 and this step not highlighted for fliming). The Matlab code is released with the publication as supplementary information.

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.
3.1, 3.5, 3.6, 4.1, 4.2, 5.1, 5.4
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.
4.2, 6.7
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 
NOTE: Filming needs to take place in two different rooms (a laboratory and a microscopy room), but these are situated with 25 meter of each other.


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. Lars Jeuken: This method allows the study of the proton transport activity of single cytochrome bo3 molecules with enzyme in their natural lipid bilayer environment [1]. 

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

1.2. Ievgen Mazurenko: The main advantage of this single enzyme technique is the possibility to start and stop the enzymatic reaction at any moment using electrochemistry [1].

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









Section - Protocol
2. Preparation of an E. coli Polar Lipids Mix 
2.1. Using a glass syringe, transfer 200 microliters of chloroform stock of lipid polar extract from Escherichia coli into glass vials to make 5-milligram aliquots [1-TXT].
2.1.1. MED: Talent transfers chloroform stock of lipid polar extract from Escherichia coli into glass vials to make aliquots. Use labeled containers.  TEXT: See text for more on E. coli lipids
2.2. Add 50 microliters of 1 milligram per milliliter ubiquinone-10 to the lipids to make the final ratio of 1 to 100, ubiquinone-10 to lipids [1].
2.2.1. CU: Aliquots as talent adds ubiquinone-10 there.  Use labeled containers.
2.3. To the mixture, add 20 microliters of 1 milligram per milliliter long-wavelength fluorescent dye-labeled lipid, abbreviated FDLL [1].
2.3.1. CU: Aliquots as talent adds FDLL there.  Use labeled containers.
2.4. Homogenize the chloroform solution by short vortexing… [1] and evaporate most of the chloroform under a gentle nitrogen or argon flow  [2]. Remove the chloroform traces entirely by further evaporation under vacuum for at least 1 hour [3].
2.4.1. CU: Tubes as talent vortexes them.
2.4.2. MED: Talent flows argon over the samples.
2.4.3. MED: Talent places the samples under vacuum.
3. Reconstitution of Cytochrome bo3
3.1. Add 312.5 microliters of 40 milliMolar MOPS pH 7.4 buffer to one aliquot of lipids/ubiquinone-10/FDLL dry mix [1].  Re-suspend the sample using vortex mixing followed by 2 minutes of treatment in an ultrasonic bath [2]. 
3.1.1. CU: Tube of try mix as talent adds 312.5 microliters of 40 milliMolar MOPS-KOH/60 milliMolar K2SO4, pH 7.4 there from a labeled container.
3.1.2. [bookmark: _GoBack]MED: Talent finishes up vortexing and moves the tube to an ultrasonic bath. Shot split into two (3.1.2 and 3.1.3)
3.1.3. [Added shot]. Talent moves the tube to an ultrasonic bath.
3.2. Next, add 125 microliters of 25 milliMolar HPTS, a pH-sensitive fluorescent dye that will be encapsulated inside the liposomes [1-TXT].
3.2.1. CU: Sample tube as talent adds 125 microliters of HPTS there.  Use labeled containers.  TEXT: HPTS = 8-hydroxypyrene-1,3,6-trisulphonic acid
3.3. Now, add 137.5 microliters of 250 milliMolar OGP surfactant [1-TXT].  After mixing using vortex, sonicate the mixture in an ultrasonic water bath for 10 minutes to ensure all lipids are solubilized into surfactant micelles [2].  Then, transfer the dispersion into a 1.5 milliliter plastic tube [3].
3.3.1. MED: Talent adds 137.5 microliters of 250 milliMolar OGP surfactant  to the mixture.  Use labeled containers.  TEXT: OGP = n-octyl β-D-glucopyranoside 
3.3.2. CU: Ultrasonic water bath as talent places the sample tube(s) there and turns it on.
3.3.3. CU: Sample tubes as talent transfers the dispersion to a 1.5 mL tube.
3.4. Add the required amount of cytochrome bo3 (B-O three) and add ultrapure water to make a total volume of 50 microliters [1-TXT].  Incubate the reconstitution mixture at 4 degrees Celsius for 10 minutes on a roller mixer [2].
3.4.1. CU: Sample tubes as talent adds the required amount of cytochrome bo3 and add ultrapure water to make a total volume of 50 microliters.  Use labeled containers.  TEXT: See text for typical amounts used
3.4.2. CU: Roller mixer going with the tubes on it. 
3.5. Next, weigh 50 milligrams of polystyrene microbeads into each of two 1.5 milliliter-tube caps [1].  Then weigh 100 milligrams of polystyrene microbeads into another two 1.5 milliliter-tube caps [2].  Close the caps with paraffin film to prevent drying [3].
3.5.1. CU: 1.5 mL-tube cap as talent weighs the 50 milligrams of polystyrene microbeads there.
3.5.2. MED: Talent weighs 100 milligrams of polystyrene microbeads into a 1.5 mL-tube cap.
3.5.3. CU: Caps as talent closes them with paraffin.
3.6. Add the first 50 milligrams of polystyrene microbeads into the reconstitution mixture by putting the cap with polystyrene microbeads on the 1.5 milliliter-plastic tube with the prepared dispersion [1].  Then, perform a short spin for a couple of seconds [2]. 
3.6.1. CU: Sample tube as talent places the cap holding the first 50 milligrams of polystyrene microbeads onto it with the dispersion. 
3.6.2. MED: Talent places the sample tube into the centrifuge and starts spin.
3.7. Incubate the suspension at 4 degrees Celsius on a roller mixer to allow the polystyrene microbeads to adsorb the surfactant for 30 minutes [1].
3.7.1. MED-over the shoulder: Roller mixer with samples and adjacent timer as talent starts it mixer and then starts the adjacent timer to count down from 30 minutes.  
3.8. Repeat the additions of polystyrene microbeads and incubations as follows: add 50 milligrams of microbeads for 60 minutes of incubation; add 100 milligrams of microbeads for 60 minutes of incubation; and add 100 milligrams of microbeads for 120 minutes of incubation [1-TXT].
3.8.1. CU: Tubes mixing on roller mixture.  Video editors, please us your discretion as to whether the shot should continue to roll in the background as the TEXT appears, or to freeze the frame and dim it before bringing in the text.  TEXT (Videographer, please bring in each line of text as narrated): 50 mg for 60 min; 100 mg for 60 min; 100 mg for 120 min
3.9. Separate the proteoliposome solution from the polystyrene microbeads using a micropipette with a thin tip [1].  Dilute the dispersion in 90 milliliters of MOPS buffer and transfer to  in a Ti45 (T-I forty five) ultracentrifuge tube [2-TXT].
3.9.1. ECU: Thin tip of a micropipette as talent separates the proteoliposome solution from the polystyrene microbeads.
3.9.2. MED: Talent dilutes the dispersion in 90 milliliters of MOPS buffer and transfer in a Ti45 ultracentrifuge tube.  TEXT: See text for MOPS buffer
3.10. Ultracentrifuge the dispersion using a Type 45 Ti rotor at 125,000 x g for 1 hour to pellet the proteoliposomes [1].
3.10.1. MED: Talent places the sample tubes into the ultracentrifuge, shuts lid, adjusts settings and starts the run.
3.11. Following ultracentrifugation, discard the supernatant and rinse the pellets with MOPS buffer, without resuspending the pellet [1].
3.11.1. CU: Talent rinses the pellet with MOPS buffer.  
3.12. Re-suspend the proteoliposomes in 500 microliters of MOPS buffer by pipetting it back and forth with a thin tip micropipette before transferring the suspension to a 1.5 milliliter plastic tube [1].
3.12.1. ECU: Sample tube as talent re-suspends the proteoliposomes in 500 microliters of MOPS buffer by pipetting it back and forth with thin tip micropipette.
3.13. Following centrifugation for 5 minutes at 12,000 x g to remove the debris, transfer the supernatant, which is the reconstituted proteoliposomes, into a new vial [1].
3.13.1. MED: Talent removes the centrifuged samples from the centrifuge and begins to transfer the supernatant to new vials.
4. Fabrication of Semi-Transparent Gold Electrodes and Modification of the Gold Surface with Self-Assembled Monolayer (SAM) 
4.1. Glue up to 9 glass cover slips onto an evaporated gold surface using bi-component low-fluorescence epoxy [1].  Cure the glue at 80 degrees Celsius for 4 hours [2].
4.1.1. CU: Gold surface as talent glues up to 9 2 glass cover slips there using bi-component low-fluorescence epoxy.
4.1.2. MED: Talent places the glued gold surfaces to cure on hot plate.
4.2. Just before modification with a self-assembled monolayer, detach the glass cover slips from the silicon wafers with a blade [1].  Due to the thinness of the cover slips, take care when detaching the cover slips to not crack or break the glass slides [2].
4.2.1. MED: Talent begins to detach the glass cover slips from the silicon wafers with a blade.  Continue action in next shot.
4.2.2. CU: Cover slips as talent detaches them with a blade.
4.3. Dip the freshly detached gold-coated cover slips into a six-mercaptohexanol (six mer-kap-toh heks-an-awl) solution and leave at 20 to 25 degrees Celsius overnight to form the self-assembled monolayer [1-TXT].
4.3.1. CU: Labeled container of 6MH solution as talent dips the gold-coated cover slips there. TEXT: 6MH = 1 mM 6-mercaptohexanol
4.4. The next day, remove the gold-coated cover slips from the solution, and wash briefly with water or methanol and then with isopropanol [1].  Dry the gold-coated cover slips under a gentle gas flow [2].
4.4.1. MED: Talent rinses the gold-coated cover slips.  Use labeled containers.
4.4.2. MED: Talent dries the gold-coated cover slips under a gentle gas flow.
5. Electrochemical Testing of Proteoliposomes Activity
5.1. Assemble the gold-coated cover slip in a spectro-electrochemical cell as diagrammed in the text protocol [1-TXT].  Make contact to the gold with a flat wire outside an area defined by a rubber O-ring [2]. 
5.1.1. MED: Establishing shot of talent working on the assembly of the spectro-electrochemical cell.  TEXT: See Figure 1 in text
5.1.2. CU: Assembly as talent makes contact to the gold with a float wire outside the area defined by a rubber O-ring and places the cell on the top.
5.2. Add 2 milliliters of the electrolyte buffer solution and place the reference and auxiliary electrodes in the cell [1].  Proceed to check the quality of the self-assembled monolayer and run blanks as described in the text protocol [2].
5.2.1. CU: Assembly/cell as talent adds milliliters of the electrolyte buffer solution and places the reference and auxiliary electrodes in the cell. 
5.2.2. MED or WIDE: Talent works at the computer/assembly, appearing to check the SAM quality.
5.3. Add proteoliposomes to the electrochemical cell at 0.5 milligrams per milliliter final lipids concentration and mix slightly with a pipette [1-TXT].  Wait 30 to 60 minutes at room temperature until the adsorption of proteoliposomes on the electrode surface is finished [2].
5.3.1. CU: Electrochemical cell as talent adds proteoliposomes and mixes slightly with a pipette.  TEXT: 1-2% (w/w) ratio of cytochrome bo3 to lipid
5.3.2. WIDE or MED: Shot of the assembly as talent walks out to indicate the waiting.
5.4. Wash the cell by changing the buffer solution at least 10 times but avoid leaving the electrode surface completely dry [1].
5.4.1. MED: Talent changes the buffer solution. 
5.5. Now, run electrochemical impedance spectroscopy at open cell potential to confirm the self-assembled monolayer on the gold electrode remains unchanged [1].
5.5.1. SCREEN: To be provided by the authors- Screen capture movie as talent runs the electrochemical impedance spectroscopy at open cell potential to confirm the SAM on the gold electrode remains unchanged. This screen capture is lengthy and may be cut or accelerated if needed.  Authors, please upload this screen capture to: http://www.jove.com/files_upload.php?src=17963328.
5.6. Run cyclic voltammograms with scan rates 10 and 100 milliVolts per second to observe catalytic ubiquinol oxidation and oxygen reduction by cytochrome bo3 at onset potentials of electrochemical quinone reduction [1].
5.6.1. SCREEN: To be provided by the authors- Screen capture movie as talent runs cyclic voltammograms with scan rates 10 and 100 mV/s to observe catalytic ubiquinol oxidation and oxygen reduction by cytochrome bo3 at onset potentials of electrochemical quinone reduction about 0 V vs SHE. Only 100 mV/s was screen captured.  Authors, please upload this screen capture to: http://www.jove.com/files_upload.php?src=17963328.
6. Detection of Enzymatic Proton Pumping by Fluorescence Microscopy
6.1. Modify the gold electrode as before but using 5 micrograms per milliliter proteoliposomes [1].  For single enzyme studies, reduce the cytochrome bo3 to lipid ratio to between 0.1 and 0.2 percent [21].
6.1.1. MED: Talent motions to add the proteoliposomes to the gold electrode. Continue action in next shot. [Videographer comment: Please use shot 5.3.1 for this part]
6.1.2. CU: Gold electrode as talent adds the proteoliposomes there. [Videographer comment: Not filmed because the cell is not transparent ]
6.2. Place the electrochemical cell on the 60X oil objective of an inverted fluorescence microscope with a drop of immersion oil [1].
6.2.1. ECU or CU: Oil objective as talent places the cell there with a drop of immersion oil.  
6.3. Using appropriate filters for FDLL fluorescence, focus on the electrode surface.  Single liposomes should appear as bright spots at the diffraction limit of the microscope/objective.  Take an image of FDLL fluorescence [1].
6.3.1. SCREEN: To be provided by the authors- Screen capture movie of microscope software as talent focuses on the electrode surface showing examples of the bright spots at the diffraction limit of the microscope/objective.  Then talent takes an image of FDLL fluorescence.(not included into the screen capture)  Authors, please upload this screen capture to: http://www.jove.com/files_upload.php?src=17963328.
6.4. Switch to the one of HPTS fluorescence filter sets on the microscope to verify that HPTS fluorescence is clearly visible and distinguishable from the background.  Increase the light intensity of the lamp source if it is not the case [1].
6.4.1. SCREEN: To be provided by the authors- Screen capture movie of microscope software as talent switches to the HPTS channel and increases brightness of the lamp to enhance fluorescence intensity. focuses on the electrode surface showing examples of the bright spots at the diffraction limit of the microscope/objective.  Then talent takes an image of FDLL fluorescence.  Authors, please upload this screen capture to: http://www.jove.com/files_upload.php?src=17963328.
6.5. Program the microscope software to perform a timed image acquisition by alternating two HPTS filter sets. To do so, set a 1 second exposure, then navigate to menu “Applications” and , then “Define/Run ND Acquisition” and select two HPTS channels. Set the delay between image acquisitions at minimum. In this experiment, use a 1 second exposure and use 0.3 second delay and 5 min total duration [1]. 
6.5.1. SCREEN: To be provided by the authors- Screen capture movie of microscope software as talent sets a 1 second exposure, then navigates to menu “Applications” and then “Define/Run ND Acquisition”. Talent chooses two HPTS channels, then sets Set a 1 second exposure and 0.3 second delay and 5 min total duration.  Authors, please upload this screen capture to: http://www.jove.com/files_upload.php?src=17963328.
6.6. Adjust the settings of the potentiostat to change the potential during the image acquisition as indicated in the text protocol [1].
6.6.1. MED-over the shoulder: Talent adjusts the settings of the potentiostat to change the potential during the image acquisition.
6.7. Now, simultaneously run the timed image acquisition on the microscope, and the potential sequence on the potentiostat, by manually starting both measurements at the same time [1].
6.7.1. MED: Cell while the image acquisition is being recorded and light color changes repeatedly.



Section – Results
7. Results: Liposome identification and pH change 
7.1. Shown here are fluorescence images of liposomes adsorbed on the electrodes at three different coverages.  The dye-containing-liposomes are visible on the images as bright spots.  The central part of the image was photobleached to reveal the background fluorescence level [1].
7.1.1. Figure_3_unflattened.pptx
7.2. The images on two HPTS channels are superimposable, where the ratio between the two channels corresponds to a pH of 7.4 used in this experiment [1]. 
7.2.1. Figure_3_unflattened.pptx – Video editors, please emphasize the columns labeled “HPTS 1” and “HTPS 2.”
7.3. A larger number of liposomes are visible with the FDLL channel, which indicates the presence of liposomes that have no HPTS encapsulated [1].  
7.3.1. Figure_3_unflattened.pptx – Video editors, please emphasize the column labeled “Texas Red.”
7.4. The difference between the HPTS and FDLL channels is more pronounced at higher coverages, possibly because at high liposome coverage, liposomes are more likely to burst or fuse on the surface [1].
7.4.1. Figure_3_unflattened.pptx – Video editors, please emphasize the bottom row.
7.5. Here, the change of a liposome fluorescence on two HPTS channels is shown as a 3D-surface plot of the corresponding area during 300 seconds of the experiment.  The reductive potential was applied between 60 seconds and 180 seconds.  The corresponding plot of volumetric intensity ratio of two HPTS channels versus time is shown [1].
7.5.1. Movie_200ms.mp4
7.6. Shown here are the medians of all vesicle pH changes within a single image when cytochrome bo3 content is 1.3% [1].  An increase in pH is clearly visible when a potential between -0.1 and -0.3 Volts is applied [2].
7.6.1. Figure_4B_unflattened.pptx
7.6.2. Figure_4B_unflattened.pptx – Video editors, please emphasize the red, green, and blue curves on the plot.
7.7. When cytochrome bo3 content is a much lower value of 0.1%, the median curves become almost indistinguishable [1] from those of empty liposomes [2]. 
7.7.1. Figure_4CD_unflattened.pptx - Video editors, please emphasize the left panel.
7.7.2. Figure_4CD_unflattened.pptx - Video editors, please emphasize the right panel.




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

8.1. Ievgen Mazurenko: It is important to ensure complete removal of the surfactant from the liposomes dispersion since the residuals may increase background permeability of the liposomes to protons [1]/[2]. 

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

8.1.2. 3.7.1 can be shown as this point is narrated.
8.2. Lars Jeuken: This method enabled us to ask specific questions on the role of the physiological lipophilic quinone substrates in contrast with hydrophilic quinone analogues [1]. 

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
8.3. Lars Jeuken: Furthermore, these single-enzyme experiments allowed observation of previously unidentified leak-states where the enzyme acts as a proton-channel through which protons freely flow back [1]. 

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