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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.2, 2.3, 2.5, 2.8, 2.11, 2.16
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.2, 2.8
E.  Will the filming need to take place in multiple locations? N

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. Elena Pohl:.  This method can help with investigation of membrane proteins, such as transporters and channels, and the information about substrate turnover rate allows comparing protein activity and specificity under different physiological and pathological conditions. 
1.2. Jürgen Kreiter: The main advantage of this technique is that it minimizes potential shift variation in chloride free buffer conditions and significantly increases precision of turnover rate determination due to more exact membrane potential measurements.

[bookmark: __DdeLink__1944_1361580101]B. Optional Interview Statements: N/A
C. Introduction of Demonstrator: N/A

D. Ethics title card: N/A

Protocol: (read by voice talent at JoVE)
2. Preparation of the Micro-agar Salt Bridge Electrode
2.1. Gather the elements for the first steps. [1-WIDE] These include two microcapillary pipette tips, a sharp blade, and a sliding caliper.  [2-CU] For the electrode, have silver wire, sandpaper and a 3 molar potassium chloride solution at hand. [3-CU] In addition, have ethanol and water for cleaning and a DC power supply. [4-MED]
2.1.1. Talent at bench with materials for preparing the pipette tip and the electrode 
2.1.2. The pipette tips, blade, and caliper
2.1.3. The silver wire spool, sandpaper, and potassium chloride solution
2.1.4. The DC power supply and, possibly, cleaning fluids
2.2. Proceed by working with the two micropipette tips. [1-MED] Start with the tip that will contain the buffer. Place the second tip next to the first. [2-CU] Move the second tip so, when inserted, its narrow part will extend at least 5 millimeters into the narrow part of the first. [3-CU] 
2.2.1. Talent preparing to work with pipette tips
2.2.2. One tip in position. After a pause, the second tip placed next to it
2.2.3. The most recently placed tip moved into position so that its narrow part will extend an appropriate distance into the first tip
2.3. Mark the position where the first, buffer-containing tip, will be attached. [1-CU]  Then, use the caliper to measure the length of the micro-agar salt-bridge electrode. [2-CU] Use the blade to cut the tip to the appropriate length. [3-CU]
2.3.1. Talent determining where the tip will be attached
2.3.2. The marked tip as the caliper is used to measure the length of the electrode 
2.3.3. The tip, then the blade cutting it at the appropriate place
2.4. Clean the cut surface with ethanol followed by water. [1-MED-TXT]  Next, get a length of approximately 8 centimeters of silver wire for the electrode. [2-MED] Clean the wire on wipes with ethanol followed by water. [3-CU] 
2.4.1. Talent cleaning the tip [TEXT: Store the tips in a clean box.]
2.4.2. Talent getting wire and cutting it to appropriate length
2.4.3. The wire being cleaned, followed by the wire alone. Shot intended to demonstrate length of wire
2.5. After cleaning, use sandpaper to smooth the surface on a 1 centimeter length at one end. [1-MED] This wire, with its smoothed end, is ready to be electrochemically coated. [2-CU] Put the smoothed end into the potassium chloride solution with the other end connected to a DC power supply for coating.  [3-CU-TXT] 
2.5.1. To the extent possible, keep attention on the wire. Talent (hands) working to smooth the wire
2.5.2. Demonstrate the results of smoothing one end
2.5.3. The wire in the solution with everything ready for electrochemical coating,  [TEXT: 3 M KCl solution; 1.5 V, DC; 10 seconds]
2.6. When coated, disconnect the electrode and clean it with water. [1-MED] After drying it, determine the length that allows it to penetrate the microcapillary tip as deeply as possible. [2-CU] Cut the electrode from the uncoated side to the appropriate length. [3-MED]
2.6.1. Talent disconnecting and cleaning wire
2.6.2. Talent comparing electrode length with pipette tip
2.6.3. Talent (hands) cutting the wire
2.7. Now, move on to prepare a salt solution with agarose. [1-MED] In a flask containing water, dissolve potassium chloride and use a magnetic stirrer to aid mixing. [2-MED-TXT] After removing the stirrer, add agarose to the flask. [3-CU-TXT]
2.7.1. Talent placing flask of water on a magnetic stirrer
2.7.2. Talent adding salt to flask of water on stirrer [TEXT: 20 mL water, 4.47 g KCl]
2.7.3. Flask as agarose is added [TEXT: 0.2 g agarose to create 3 M KCl with 1% (v/v) agarose]
2.8. Take the flask to a microwave and heat it to melt the agarose at about 100 degrees Celsius. [1-MED] Take it out to visually check that the agar is dissolved completely. [2-CU]  Once the agar is dissolved, slowly pipette 10 microliters into the microcapillary tip to avoid air bubbles. [3-CU-TXT] 
2.8.1. Talent at microwave, putting solution inside and starting it
2.8.2. The agar solution ready for use
2.8.3. The pipette tip as the agar in drawn into it. If this isn’t viable, talent pipetting the solution into the microcapillary tip [TEXT: In case of clotting, reheat the solution.]
2.9. Jürgen Kreiter: It is important to carefully pipette the agar salt solution into the microcapillary tip, especially at higher agar concentrations. If not done properly, air bubbles are easily produced in the tip and block electrical flow.
2.9.1. Interview style: Person saying the above
2.10. After removing the tip from the pipette, push the electrode into it. [1-MED] Ensure the electrode penetrates the salt solution. [2-CU] When the electrode is at room temperature, plug it and a reference electrode into an amplifier. [3-MED] 
2.10.1. Talent putting electrode into the tip
2.10.2. Demonstrate the electrode correctly in the tip
2.10.3. Talent connecting electrode to an amplifier
2.11. Support the reference electrode so it can be lowered into a plastic container with 1 milliliter of buffer. [1-CU] Next, dip the salt bridge electrode into the solution. [2-CU] Apply a voltage and check that there is a current response before continuing. [3-MED][4-CU]
2.11.1. The reference electrode, its support, and the container of buffer solution. The electrode should be in the buffer solution. [TEXT: See text protocol for buffer solution]
2.11.2. The container with electrodes in position in the buffer
2.11.3. Talent checking instrument for response. If the signal can be shown, please do
2.11.4. If possible, record the screen of the instrument that registers the response (Video editor: If available, this might be in addition to or an alternative to 2.11.3)
2.12. If the test is successful, disconnect the electrodes. [1-MED] If necessary, store the agar salt bridge electrode by dipping it in a 3 molar potassium chloride solution. [3-CU]
2.12.1. Talent disconnecting salt bridge electrode preparing to store it
2.12.2. Demonstrate the agar salt bridge electrode in storage 
2.13. Next, prepare the buffer-containing plastic tip. [1-MED] Take a microcapillary tip and identify a point 2 centimeters from the narrow part. Use a heating wire to bend the tube 90 degrees at this position. [2-CU] With a sharp knife, cut the tube 5 millimeters from the bend. [3-CU]
2.13.1. Talent putting a microcapillary tip in position for the next steps
2.13.2. The tip with attention called to the point at which it will be bent. Then, the heating wire used to bend it 90 degrees
2.13.3. The bend tube alone, then being cut at the appropriate position 
2.14. Clean the area that was cut with ethanol followed by water. [1-MED] Before proceeding, use a light microscope with a scale to measure the diameter of the hole at the tip. [2-WIDE-TXT] Next, move the pipette to be near a container of solvent and another of buffer. [3-MED-TXT]
2.14.1. Talent cleaning the tube
2.14.2. Talent at microscope, performing measurement [TEXT: Diameter required for calculations]
2.14.3. Talent moving pipette into position near solvent, which is near a container of buffer [TEXT: 85:15 (v:v) hexane:hexadecane]
2.15. Pipette 3 microliters of the solvent into and out of the tip. [1-CU] Next, fill the measurement tip with 3 microliters of buffer.  [2-MED]
2.15.1. Pipette as solvent is drawn into it and pushed out of tip
2.15.2. Talent pipetting buffer into the tip
2.16. Now, retrieve the agar salt bridge from the potassium chloride solution. [1-MED] Plug the agar salt bridge electrode into the measurement tip with the buffer. [2-CU] Connect the salt bridge electrode and the reference electrode to an amplifier. [3-MED]
2.16.1. Talent getting agar salt bridge
2.16.2. The agar salt bridge and measurement tip being connected
2.16.3. Talent connecting the electrodes to an amplifier
2.17. At this point, suspend the reference electrode in the buffer solution with the reference electrode. [1-CU-TXT] A representation of the configuration for the experiment is in this schematic. [2-LM] During the experiment, the membrane will form at the end of the buffer-containing pipette. [3-LM-TXT]
2.17.1. Demonstrate the reference electrode in the buffer solution [TEXT: Ensure the electrodes are in electrical contact.]
2.17.2. LAB MEDIA: 58552_Pohl_Figure1A.pptx [TEXT: Membrane formation: See Beck, V., et al Biochimica et Biophysica Acta-Bioenergetics, 1757 (5-6), 474-479 (2006)] (Video editor: Please maintain the text through 2.17.3)
2.17.3. LAB MEDIA: continued. (Video editor: During this shot, please call attention to the region region labeled “Membrane”)
3. Measurement of the Electrical Parameters of the Membrane Reconstituted with Recombinant Protein 
3.1. Collect data to find the membrane capacity. [1-WIDE] Do this by applying a triangular alternating voltage signal to create a rectangular alternating current response. [2-MED][3-LM-TXT]
3.1.1. Talent at bench, preparing to start data collection
3.1.2. Talent at function generator, applying signal
3.1.3. LAB MEDIA:  58552_Pohl_Figure1A.pptx [TEXT: Umax = 50 mV, tramp = 50 ms] (Video editor: Please use the right image. This could be used to replace or supplement 3.1.2)
3.2. Next, find the conductance and voltage at zero current. [1-MED] Automate the application of a voltage ramp ranging from minus-50 to 50 millivolts and record the current. [2-LM] Fit a linear function to the data. The slope is the conductance. The x-intercept is the voltage at zero current.[3-LM]
3.2.1. Talent preparing for measurement 
3.2.2. LAB MEDIA:  58552_Pohl_Figure2Aa.pptx (Video editor: If possible, call attention to the horizontal axis during “voltage ramp ranging from minus 50 to 50 millivolts”)
3.2.3. LAB MEDIA:  58552_Pohl_Figure2Aa.pptx (Video editor: Please call attention to the straight line during this shot)
3.3. When done, remove the measurement tip from the salt bridge.  [1-MED] Fill a new measurement tip with a higher substrate concentration buffer to allow a proton gradient across the membrane. [2-MED] Re-establish the experimental setup with the new measurement tip and electrodes in order to repeat the measurements. [3-CU]
3.3.1. Talent working to remove measurement tip 
3.3.2. Talent getting and filling new measurement tip 
3.3.3. Detail of the electrodes in the buffer solution

4. Results: Comparison of Membrane Measurements Made with AgCl and Agar Salt Bridge Electrodes 
4.1. Here are representative current-voltage recordings in the presence of a pH gradient...[1-LM] and in the absence of a pH gradient. The lines represent a linear fit to the data. [2-LM] The shift in the x-axis intersection point for the different pH values is predicted by the Nernst equation. [2-LM]
4.1.1. LAB MEDIA: 58552_Pohl_Figure2A.pptx (Video editor: Please call attention to the lower data points during “in the presence of a pH gradient”)
4.1.2.  LAB MEDIA: 58552_Pohl_Figure2A.pptx (Video editor: Please call attention to the upper data points during “in the absence of a pH gradient”)
4.1.3. LAB MEDIA: 58552_Pohl_Figure2A.pptx (Video editor: On the horizontal line at “0” on the vertical axis, please highlight the interval between the vertical dashed lines)
4.2. These data represent the shift in the membrane potential in time for a standard silver chloride electrode, in white, and the micro-agar salt bridge electrode, in black. [1-LM] The agar salt bridge electrode was more stable, with a maximum shift of less than 5 millivolts over 300 seconds of measurement. [2-LM]
4.2.1. LAB MEDIA: 58552_Pohl_Figure2B.pptx (Video editor: Please call attention to the different colored data points when they are mentioned)
4.2.2. LAB MEDIA: 58552_Pohl_Figure2B.pptx (Video editor: Please call attention to the set of black data points)
4.3. In this plot of the potential shift as a function of pH gradient, the two electrodes are seen to behave significantly differently as the pH gradient increases. [1-LM] The proton turnover rate can be found and compared for the two electrode types. [2-LM] 
4.3.1. LAB MEDIA: 58552_Pohl_Figure3A.pptx
4.3.2. LAB MEDIA: 58552_Pohl_Figure3A.pptx, 58552_Pohl_Figure3B.pptx (Video editor: Please add the new image to the right of the first image)
4.4. Here are the data for mitochondrial UCP1 comparing an agar salt bridge electrode and a standard electrode. [1-LM] There is also data for similarly prepared UCP3. [2-LM] The rates seem more precise with the agar salt bridge electrode. [3-LM]
4.4.1. LAB MEDIA: 58552_Pohl_Figure3B.pptx (Video editor: Please transition to having only this image and call attention to the purple colored regions)
4.4.2. [bookmark: __DdeLink__859_305801992]LAB MEDIA: 58552_Pohl_Figure3B.pptx (Video editor: Please call attention to the green regions)
4.4.3. LAB MEDIA: 58552_Pohl_Figure3B.pptx

5. Conclusion (said by authors on camera)
5.1. Jürgen Kreiter: While attempting this procedure, it’s important to remember to ensure that the electrode penetrates the agar salt solution. The salt bridge must also dip into the buffer solution. Finally, ensure that the agar salt solution contains no air bubbles.  
(Video editor: Associate shot 2.10.2 with the first sentence. If possible, associate shot 2.3.1 with the second sentence and 2.8.3 with the third.) 

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.


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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