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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Y  
If Yes, can you record movies/images using your own microscope camera?
Y  

2. Software: Does the part of your protocol being filmed demonstrate 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. Please upload all screen captured video files to your project page as soon as reasonable.

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 42


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Fran Ashcroft: As, ATP is an important cellular messenger, we have developed a method that allows us to observe ATP binding to its receptors with a high precision [1].

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

REQUIRED: 

1.2. Mike Puljung: Using FRET between nucleotide derivatives and fluorescently tagged receptors, we can monitor nucleotide binding to intact, functional receptors in real time and with spatial resolution [1].

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

OPTIONAL: 
1.3. Fran Ashcroft: We have used this method to understand the effects of cellular metabolism on the ATP-sensitive potassium channel, which is implicated in certain forms of diabetes [1].

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

Introduction of Demonstrator on Camera

1.4. Fran Ashcroft: Demonstrating the procedure will be Samuel Usher, a D.Phil. student from my laboratory [1][2].

1.4.1. INTERVIEW: Author saying the above
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera

Protocol
2. Unroofed Membrane Experiments
2.1. To set up an unroofed membrane experiment, first use a pair of forceps to break a small fragment from a cover slip with transfected cells [1] and rinse the fragment with PBS [2].
2.1.1. WIDE: Talent breaking coverslip
2.1.2. Talent rinsing fragment, with PBS container visible in frame
2.2. If the coverslip is precoated, place the fragment on the bottom of a 35-millimeter dish containing 2 milliliters of PBS [1] and hold a 3-millimeter probe sonicator 3-5 millimeters above the sample, pulsing at 50 watts and 20-40% amplitude for 200-500 milliseconds to unroof the cells [2-TXT].
2.2.1. Talent placing fragment into dish
2.2.2. Talent using probe to sonicate fragment TEXT: Plasma membrane fragments will be left behind

2.3. If the cover slips are not pre-coated, after rinsing with PBS [1], dip the fragment into a tube containing 0.1% poly-L-lysine for about 30 seconds [2] before unroofing the cells with brief sonication as demonstrated [3].

2.3.1. Talent rinsing fragment(s), with PBS container visible in frame Videographer: Important step
2.3.2. Talent dipping fragment into poly-L-lysine, with lysine container visible in frame Videographer: Important step
2.3.3. Fragment being sonicated Videographer: Important step

2.4. Transfer the sonicated fragment into a cover glass-bottom 35-millimeter dish containing 2 milliliters of bath solution [1-TXT] and mount the dish onto an inverted microscope equipped with a high NA 60x water immersion objective [2].

2.4.1. Talent transferring fragment to dish, with bath solution container visible in frame TEXT: See text for all solution preparation details
2.4.2. Talent placing dish onto stage

2.5. Check that the camera port of the microscope is connected to a spectrograph in series with a high sensitivity CCD camera [1-TXT] and use a peristaltic pump to perfuse the bath chamber with buffer at a flow rate of 0.5-1 milliliter of buffer/minute [2-TXT].

2.5.1. Talent checking camera port TEXT: CCD: charge-coupled device
2.5.2. Bath being perfused TEXT: Buffer composition varies according to protein of interest

2.6. To identify unroofed membrane fragments expressing the ANAP (A-nap)-labeled channel, view the sample to locate membranes with fluorescent channels [1-TXT].

2.6.1. LAB MEDIA: Figure 2C Video Editor: please emphasize yellow signal in fluor image TEXT: ANAP: acid (L-3-(6-acetylnaphthalen-2-ylamino)-2-aminopropionic 

2.7. Partially engage the spectrometer mask between the camera port on the microscope and the spectrograph [1]. The shadow of the mask will appear on the camera image [2].

2.7.1. Talent engaging mask
2.7.2. SCREEN: To be provided by Authors: Mask shadow appearing on camera image Authors: Please use our screen capture guidelines to create videos for all SCREEN shots and upload them to your project page: https://review.jove.com/account/file-uploader?src=18727353

2.8. AcquireAdjust the microscope stage to align the unroofed membrane with the spectrometer mask [1] and acquire a bright field and fluorescence image of the unroofed membrane to allow selection of the region of interest for analysis [2].

2.8.1. Talent adjusting stage
2.8.2. SCREEN: To be provided by Authors: Image being acquired

2.9. Bring the tip of the microvolume perfusion system close to the unroofed membrane [1]. 

2.9.1. Tip being moved close to unroofed membrane Videographer: Important step

2.10. To acquire an image of ANAP fluorescence, excite the membrane with a 385-nanometer LED through a 390-18-nanometer band-pass excitation filter and a 416-nanometer edge dichroic, collecting the emitted light through a 400-nanometer long-pass emission filter [1-TXT]. 

2.10.1. SCREEN: To be provided by Authors: Membrane being excited and light being collected TEXT: Excitation light and camera shutter can be triggered simultaneously 

2.11. [bookmark: _GoBack]Engage the spectrometer mask [1] and ensure the emitted light is passed through [2]. Align region of interest with the slit of the spectrometer mask.

2.11.1. Mask being engaged
2.11.2. Shot of light passing through OR SCREEN: To be provided by Authors: Shot of light passing through

2.12. Engage the spectrometer gratings [1]. 

2.12.1. Talent engaging gratings 

2.13. With the gratings in place, the light diffracted by the spectrometer will be projected onto the chip of the CCD camera to produce spectral images. The images will retain spatial information in the y dimension. The x dimension will be replaced with wavelength [1].

2.13.1. To be provided by Authors: Shot of diffracted light Video Editor: please emphasize y and x dimensions when mentioned

2.14. If the protein of interest is tagged with a fluorescent protein, acquire a spectral image of the fluorescent protein using the appropriate filter set [1-TXT].

2.14.1. SCREEN: To be provided by Authors: Image being acquired in the appropriate filter set TEXT: Here channels labeled with GFP

2.15. While perfusing with nucleotide-free buffer solution [1], obtain one or more 0.1-10-second exposures for downstream correction and normalization of the data collected throughout the rest of the experiment [2]. 

2.15.1. Solution being perfused Videographer: Important step
2.15.2. SCREEN: To be provided by Authors: Exposure(s) being obtained

2.16. Next, apply a range of TNP (T-N-P)-ATP concentrations in bath solution to establish a concentration-response curve, perfusing each solution for at least 1 minute to ensure that a steady state is reached [1] and obtain an exposure at each concentration [2].

2.16.1. Talent adding TNP-ATP to solution, with TNP-ATP solution container visible in frame
2.16.2. SCREEN: To be provided by Authors: Exposure being acquired

2.17. After each concentration, wash out the TNP-ATP with nucleotide-free bath solution for at least 1 minute [1] before acquiring a post-treatment exposure image [2].

2.17.1. Bath solution being added, with bath solution container visible in frame
2.17.2. SCREEN: To be provided by Authors: Exposure being acquired

3. Patch-Clamp Fluorometry Experiment

3.1. To perform a patch-clamp fluorometry experiment, first, pull patch pipettes from thick-walled borosilicate glass capillaries to a resistance of 1.5-2.5 megaohms when filled with pipette solution [1]. 

3.1.1. WIDE: Talent pulling pipette

3.2. Next, transfer a cover slip with transfected cells into glass-bottom 35-millimeter dish containing 2 milliliters of bath solution [1] and mount the dish onto the inverted microscope [2].

3.2.1. Talent placing cover slip into dish 
3.2.2. Talent placing dish onto microscope

3.3. Perfuse the bath chamber with bath solution [1] and identify a cell expressing ANAP-labeled channels [2].

3.3.1. Solution being perfused
3.3.2. SCREEN: To be provided by Authors: Shot of cell

3.4. Apply gentle positive pressure to a patch pipette [1] and place the pipette in the bath chamber [2].

3.4.1. Talent applying pressure to pipette Videographer: Important step
3.4.2. Talent placing pipette to chamber Videographer: Important step

3.5. Press the pipette against the membrane of the cell [1] and apply gentle suction to achieve a gigaohm seal [2].

3.5.1. SCREEN: To be provided by Authors: Pipette being pressed against cell membrane
3.5.2. SCREEN: To be provided by Authors: Suction being applied/seal being achieved 

3.6. To excise the patch, rapidly move the pipette holder away from the patched cell [1].

3.6.1. SCREEN: To be provided by Authors: Holder being removed from patched cell

3.7. Bring the tip of the patch pipette close to the tip of the perfusion system [1] and check that the patch is within the slit of the spectrometer mask [2].

3.7.1. SCREEN: To be provided by Authors: Tip being tip being brought close to perfusion system tip
3.7.2. SCREEN: To be provided by Authors: Shot of patch within mask slit

3.8. Then apply TNP-ATP and collect image spectra as demonstrated [1], while simultaneously recording the ionic current response to nucleotide application [2].

3.8.1. Talent adding TNP-ANP to chamber
3.8.2. SCREEN: To be provided by Authors: Exposure being acquired


Results
4. Results: Representative Measurement of Nucleotide Binding to Intact, Functional Membrane Proteins in Real Time

4.1. In these images, a typical unroofed membrane fragment from an HEK-293T (H-E-K-two-nine-three-T) cell expressing ATP-sensitive potassium channels [1] tagged with orange fluorescent protein can be observed [2].

4.1.1. LAB MEDIA: Figure 2C Video Editor: please add/emphasize asterisk in brightfield image
4.1.2. LAB MEDIA: Figure 2C Video Editor: please emphasize yellow signal in fluor image

4.2. In this spectral image of ANAP-tagged ATP-sensitive potassium channels in an unroofed membrane from an HEK-239T cell exposed to 5-micromolar TNP-ATP [1], two regions of high intensity can be observed [2] that correspond to the peak emission of ANAP [3] and TNP-ATP [4]. 

4.2.1. LAB MEDIA: Figure 3A
4.2.2. LAB MEDIA: Figure 3A Video Editor: please emphasize left and middle regions of high intensity (bright white)
4.2.3. LAB MEDIA: Figure 3B Video Editor: please emphasize left peak of orange line
4.2.4. LAB MEDIA: Figure 3B Video Editor: please emphasize right peak of orange line

4.3. A final spectrum can be obtained by subtracting the averaged background spectrum [1] from the averaged region of interest spectrum [2].

4.3.1. LAB MEDIA: Figure 3B Video Editor: please emphasize/remove grey data line
4.3.2. LAB MEDIA: Figure 3C

4.4. Here the reduction in peak ANAP fluorescence after multiple exposures can be observed [1].

4.4.1. LAB MEDIA: Figure 3D Video Editor: please sequentially emphasize data lines from red to grey

4.5. The peak fluorescence from several exposures in the absence of TNP-ATP were fitted to a single-exponential decay [1]. These data were then used to correct for photobleaching artefacts [2].

4.5.1. LAB MEDIA: Figure 3E Video Editor: please emphasize grey data line
4.5.2. LAB MEDIA: Figure 3E Video Editor: please emphasize inset graph

4.6. Here representative spectral images [1] from an unroofed membrane obtained from a cell expressing ANAP-tagged ATP-sensitive potassium channels in the absence [2] and presence of TNP-ATP are shown [3].

4.6.1. LAB MEDIA: Figure 5A 
4.6.2. LAB MEDIA: Figure 5A Video Editor: please emphasize 0 TNP-ATP image
4.6.3. LAB MEDAI: Figure 5A Video Editor: please emphasize 50 micromolar and 1 millimolar TNP-ATP images

4.7. Observing the corrected emission spectra [1] reveals a clear separation between the donor [2] and acceptor fluorescence emission [3].

4.7.1. LAB MEDIA: Figure 5B
4.7.2. LAB MEDIA: Figure 5B Video Editor: please emphasize green data line
4.7.3. LAB MEDIA: Figure 5B Video Editor: please emphasize yellow and red dta lines

4.8. In this figure, representative currents and spectra from ANAP-tagged ATP-sensitive potassium channels from a typical patch-clamp fluorometry experiment are shown [1]. 

4.8.1. LAB MEDIA: Figure 4B Video Editor: please emphasize 1-millimolar, 100-micromolar, and 10-micromolar sections of graph

4.9. The emission spectra are corrected for background and bleaching as demonstrated for unroofed membranes [1].

4.9.1. LAB MEDIA: Figure 4B





Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Sam Usher: Take care with controls to verify that the fluorescence is specific to your receptor. Make sure your perfusion is fast, efficient, and complete. Keep your exposures as short as possible [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera B-roll: 2.15., 3.7

5.2. Mike Puljung: This method answers questions about receptor occupancy and how it relates to function. Other FRET techniques used with a similar setup can probe ligand-induced conformational changes in the receptor [1].

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