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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No. 
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen-captured video files to your project page as soon as possible.

Videographer: Please film the screen for all shots labeled 'SCREEN' on the day of shoot as backup
3. Filming location: Will the filming need to take place in multiple locations? No. 

Current Protocol Length
Number of Steps: 20
Number of Shots: 48

Interviews 
1. Video 1: Author Spotlight: Investigating the Biophysical Mechanisms and Regulatory Processes of LRRC8 Channels Using FRET-Based Approaches

Videographer: Obtain headshots for all authors. 

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Tobias Stauber: Our research focuses on the properties and function of membrane transport, specifically ion and osmolyte transporters and channels, such as LRRC8-formed anion and osmolyte channels. We examine their biophysical mechanisms, regulatory processes, and cell physiological roles, aiming to understand how their dysfunction contributes to disease. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


What are the most recent developments in your field of research?
1.2. Sumaira Pervaiz/Tobias Stauber: Many labs have advanced our understanding of LRRC8 channels, resolving structures of LRRC8 complexes, elucidating electrophysiological properties, and uncovering diverse physiological roles. However, a crucial question remains: how are these channels biochemically and physiologically regulated, and how does subunit composition influence their activation and roles within the cell?	Comment by Tobias Stauber: Is it possible by online video conference ?	Comment by Nilesh Kolhe: Authors: We do not allow interview videos to be recorded using Zoom or MS Teams as the video quality from those is too low to meet our standards.  	Comment by Tobias Stauber: Sumaira Pervaiz is trying to record it according to the quality and technical requirements.  If it does not work, Tobias Stauber will answer this question
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

What advantage does your protocol offer compared to other techniques?
1.3. Malte Klüssendorf: This method allows observing LRRC8 channel activity in compartments typically inaccessible for electrophysiology, such as intracellular organelles, without altering cytosolic composition like whole-cell patch-clamp. Its subcellular resolution enables monitoring of differentially activated LRRC8 channels within a single cell, and it allows continuous monitoring during extended physiological processes.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

What research questions will your laboratory focus on in the future?
1.4. Tobias Stauber: With this FRET-based sensor, we will investigate the regulation and function of LRRC8/VRAC channels under various physiological conditions, examining structural, biochemical, and cell biological aspects. Key questions include how the channels rearrange conformation, what signal transduction pathways are involved for different stimuli, whether there are differences among LRRC8 paralogs, and whether there are subcellular variations. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Videographer: Obtain headshots for all authors.

Protocol Videos 
2. Video 2: Preparation and Transfection of HeLa Cells for SE-FRET Measurements and Correction Factor Determination
Demonstrator: Malte Klüssendorf
Protocol
2.1. To begin, prepare the isotonic, hypotonic, and hypertonic buffers [1]. Using an osmometer, measure the osmolarity of the buffer [2].
2.1.1. WIDE: Establishing shot of talent placing the labeled containers containing prepared buffers on the working platform Videographer: Please also take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 
2.1.2. Talent measuring the osmolarity with an osmometer.

2.2. The day before transfection, seed 1 x 105 HeLa (heela) cells in 2 milliliters of cell culture medium on a 35-millimeter dish [1-TXT]. Culture the cells overnight at 37 degrees Celsius and 5% carbon dioxide [2].
2.2.1. Talent adding cell suspension from the labeled container into the dish containing medium. TXT: Medium used: DMEM with 10% FBS and 1%P/S
2.2.2. Talent placing the dish in an incubator.

2.3. The following day, dropwise, add transfection solution in a spiral motion to the dish [1-TXT]. Move the dish 5 times horizontally and vertically on the surface of the bench to mix the solution [2]. Culture the cells overnight at 37 degrees Celsius and 5% carbon dioxide [3].
2.3.1. Talent dropwise transferring transfection solution from the labeled container into the dish. TXT: Transfection reagent: FuGENE
2.3.2. Talent moving the dish horizontally and vertically.
2.3.3. Talent placing the dish in an incubator.

Image Acquisition for Correction Factor Determination
2.4. The next day Take the cells expressing the donor construct [1], aspirate the cell culture medium and wash the cells three times with 2 milliliters of isotonic buffer [2]. Add 3 milliliters of isotonic buffer to the cells [3] and place the sample dish on the microscope stage [4].
2.6.1. (2.4.0.)   Talent observing the cells expressing the donor construct under the microscope. 
2.4.1. Talent aspirating the medium from the culture dish. Talent transferring 2 mL of isotonic buffer from the labeled container into the dish.	Comment by Lars Erikson: We did 2.4.1. and 2.4.2. in one shot and called it "2.4.1."
2.4.2. Talent transferring 2 mL of isotonic buffer from the labeled container into the dish.
2.4.3. After aspirating talent adding 3 mL of isotonic buffer from the labeled container into the dish.	Comment by Lars Erikson: "After aspirating" should be added here so its clear that you have to aspirate again before adding 3ml of isotonic buffer
2.4.4. Talent placing the dish on the microscope stage.

2.5. [bookmark: _Hlk175259451]Load microscopy FRET settings or set-up the necessary channels for a FRET experiment: Donor excitation/Donor emission DD, Donor/Acceptor DA, and Acceptor/Acceptor AA [1]. Find a field of view with at least one cell expressing both the donor and acceptor constructs [21]. Set up the microscope for all channelsAdjust the settings for fluorescent intensity, exposure time and pixel binning according to establish a good signal to noise ratio and fulfil the experimental needs regarding temporal and spatial resolution.  [23]. Remove the plate from the microscope stage and place it back into the incubator until the experiment [43]. 	Comment by Tobias Stauber: This needs some more information. We would write this narration after the SCREEN video so that the voiceover fits – that OK? 	Comment by Nilesh Kolhe: Authors: I have modified the voiceover narration as per the shot description and added information for all channels in the text overlay. 	Comment by Nilesh Kolhe: Authors: The voiceover narration is modified as per the added shot description.
2.5.1. SCREEN: Load the microcopy settings
2.5.2. SCREEN: To be uploaded by Authors: Finding a field of view with at least one cell expressing both the donor and acceptor constructs.  Videographer: Please film the screen for all shots labeled 'SCREEN' on the day of shoot as backup
2.5.3. SCREEN: To be uploaded by Authors: Microscope set-up for all channels. TXT: Channels: Donor excitation/Donor emission DD, Donor/Acceptor DA, and Acceptor/Acceptor AA	Comment by Malte Klüssendorf: This step is totally individual end depends on the equipment, samples and other factors. Does not make sense to show.
2.5.4. Talent placing dish into the incubator.

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/files_upload.php?src=20420713

2.6. Take the cells expressing the donor construct [1]. Aspirate the culture medium [2] and wash the cells three times with 2 milliliters of isotonic buffer [3]. After the last wash, add 3 milliliters of isotonic buffer to the cells [4] and place the sample dish on the microscope stage [5].
2.6.1. Talent observing the cells expressing the donor construct under the microscope. 	Comment by Lars Erikson: step 2.6.1. should be done way earlier so we called it "2.6.1. (2.4.0.)"  so it should be shown before 2.4.1.
2.6.2. Talent aspirating culture medium from the dish. Talent adding 2 mL of isotonic buffer from the labeled container into the dish and immediately aspirating buffer from the dish.
2.6.3. Talent adding 2 mL of isotonic buffer from the labeled container into the dish and immediately aspirating buffer from the dish.	Comment by Lars Erikson: we did 2.6.2. and 2.6.3. in one shot and called it "2.6.2."
2.6.4. Talent adding 3 mL of isotonic buffer from the labeled container into the dish.	Comment by Lars Erikson: At 2.6.4. we aspirate before adding 3mL of Isotonic buffer
2.6.5. Talent placing the dish on the microscope stage.

2.7. Find a field of view with at least one cell expressing the donor construct [1]. Image all the donor-donor, acceptor-acceptor, and donor-acceptor channel [2]. Draw a region of interest or ROI (R-O-eye) around the cells and measure the mean intensity of donor-accepter and donor-donor channels [3].
2.7.1. SCREEN: To be uploaded by Authors: Focusing on cells expressing the donor construct.
2.7.2. SCREEN: To be uploaded by Authors: Imaging HeLa cells in DD, AA, and DA channels.
2.7.3. SCREEN: To be uploaded by Authors: Drawing an ROI around the cell(s) and measuring the mean intensity of DA and DD.

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/files_upload.php?src=20420713

2.8. For background subtraction, draw an ROI in the donor-acceptor and donor-donor channels where only the background signal is found and measure the mean intensity [1]. Subtract the mean intensity of the background ROI from the mean intensity measured in the cell ROI of the corresponding channel [2-TXT].
2.8.1. SCREEN: To be uploaded by Authors: Drawing an ROI in the DA and DD channels where only the background signal is found and measuring the mean intensity.
2.8.2. SCREEN: To be uploaded by Authors: Subtracting the mean intensity of the background ROI from the mean intensity measured in the cell ROI of the corresponding channel. TXT:  and 	Comment by Malte Klüssendorf: Background subtraction is done by the used software. Can not be visualized. 2.8.1 and 2.8.2 are combined in 2.8.1. Calculation is done after button press „Accept“.

2.9. After imaging the cells expressing only the acceptor construct [1], draw an ROI around the cells and measure the mean intensity of the donor-acceptor and acceptor-acceptor channel [2].
2.9.1. SCREEN: To be uploaded by Authors: Shot of cells expressing acceptor construct. 
2.9.2. SCREEN: To be uploaded by Authors: Drawing an ROI around the cells and measuring the mean intensity of DA and AA.

2.10. For background subtraction, draw an ROI in the donor-acceptor and acceptor-acceptor channels where only the background signal is found and measure the mean intensities [1]. Subtract the mean intensity of the background ROI from the mean intensity measured in the cell ROI of the corresponding channel [2-TXT].
2.10.1. SCREEN: To be uploaded by Authors: Drawing an ROI in the DA and AA channels where only the background signal is found and measuring the mean intensity.
2.10.2. SCREEN: To be uploaded by Authors: Subtracting the mean intensity of the background ROI from the mean intensity measured in the cell ROI of the corresponding channel. TXT:  and 	Comment by Malte Klüssendorf: Same as for 2.8.1 and 2.8.2. 
2.10.1 and 2.10.2 are combined + 2.11.1 (see comment below).

2.11. Finally, calculate the correction factors using the values determined for IDA* (background-corrected eye-dee-A), IDD* (background-corrected eye-dee-dee), and IAA* (background-corrected eye-A-A) [1-TXT].
2.11.1. SCREEN: To be uploaded by Authors: Calculating correction factors using the values determined for IDA*, IDD*, and IAA*. TXT:  and  	Comment by Malte Klüssendorf: 2.11.1 is included in 2.20.1 because after measuring the intensities (button press „Accept“) in 2.20.1 the button calculate factors is pressed to calculate the correction factors.C

3. Video 3: Time-Lapse Imaging for SE-FRET Quantification in HeLa Cells Using Gravity Perfusion
Demonstrator: Malte Klüssendorf
Protocol
3.1. To begin, take the HeLa (heela) cells expressing the donor and acceptor construct [1]. Aspirate the cell culture medium [2] and wash the cells three times with 2 milliliters of isotonic buffer [3].
3.1.1. WIDE: Talent placing dish containing HeLa cells expressing the donor and acceptor construct on the working platform.
3.1.2. Talent aspirating medium from the dish.	Comment by Lars Erikson: Here we did 3.1.2. and 3.2.1. in one shot and called it "3.1.2." .  And we deleted 3.1.3.. (Tobias and Malte have to explain why we did this because i did not understand it.
3.1.3. Talent transferring 2 mL of isotonic buffer from the labeled container into the dish.

3.2. Replace the medium on the cells with 3 milliliters of isotonic buffer [1] and place the sample dish on the microscope stage [2]. 
3.2.1. Talent aspirating buffer from the dish and adding 3 mL of isotonic buffer from the labeled container into the dish.
3.2.2. Talent placing the dish on the microscope stage.

3.3. For aspiration of the isotonic buffer, fix and adjust a hose cannula so its tip reaches the bottom of the dish [1]. For adding buffers, fix and adjust the tubing to allow gravity-driven buffer flow to drop into the dish [2].
3.3.1. Talent fixing and adjusting a hose cannula to the dish.
3.3.2. The tube being fixed into the dish.

3.4. Find a field of view with at least one cell expressing the donor and acceptor construct simultaneously and acquire an image [1]. 
3.4.1. SCREEN: To be uploaded by Authors: Shot of FOV expressing the donor and acceptor construct and acquiring the image. 

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/files_upload.php?src=20420713
3.5. For background subtraction for the FRET (fret) signal, draw an ROI in the donor-acceptor channel where only the background signal is found and measure the mean intensity [1-TXT]. For SE-FRET (S-E-fret) quantification, draw an ROI (R-O-eye) around the cell and measure the mean intensity in the donor-donor, donor-acceptor, and acceptor-acceptor channel for all images in the time series [2-TXT]. 	Comment by Malte Klüssendorf: Here only a ROI/(ROI´s a drawn the measurement happens during the time-laps experiment.
3.5.1. SCREEN: To be uploaded by Authors: Drawing an ROI in the DA channel where only the background signal is found and measuring the mean intensity. TXT: FRET: Förster Resonance Energy Transfer
3.5.2. SCREEN: To be uploaded by Authors: Drawing an ROI around the cells 
and measuring the mean intensities in the DD, DA, and AA channels. TXT: SE-FRET: Sensitized-Emission Förster Resonance Energy Transfer

3.6. Set up a time-lapse experiment for the channel’s donor-donor, donor-acceptor, and acceptor-acceptor with an interval of 10 seconds and a duration to cover all conditions of the stimulation sequence [1-TXT]. Start acquisition of the time-lapse imaging [2] and plot the SE-FRET traces [3].
3.6.1. SCREEN: To be uploaded by Authors: Setting up a time-lapse experiment for the channels DD, DA, and AA with an interval of 10 seconds and a duration to cover all conditions of the stimulation sequence. TXT: E.g., 12 cycles of baseline followed by 15 cycles/condition
3.6.2. SCREEN: To be uploaded by Authors: Starting time-lapse imaging.	Comment by Malte Klüssendorf: 2.6.2 and 2.6.3 and 3.7.3 and 3.8.2 are in one SCREEN because the timeless experiment is imaged continuously. After starting the time-laps with button press „Run experiment“ the experiment is image continuously from start to end	Comment by Malte Klüssendorf: The FRET traces are plotted simultaneously while image acquisition. Therefore 3.9.1 is done in real time in parallel to the steps named above.	Comment by Malte Klüssendorf: Here a time-lapse is shown with  12 cycles base line, 15 cycles hypotonic and 15 cycles hypertonic. Each cycle is 10 sec long.
3.6.3. SCREEN: To be uploaded by Authors: Showing the start of the plotting of the SE-FRET traces

3.7. After baseline measurement, aspirate the isotonic buffer via the hose cannula, applying a vacuum with a syringe [1]. Add 3 milliliters of the buffer of the next condition by gravity flow [2-TXT] while continuing the time-lapse imaging [3].
3.7.0. 	Comment by Lars Erikson: Here we added a shot of the whole process of the Buffer-exchange under nonexperimental conditions because in 3.7.1. and 3.7.2. the microscope is closed, and you can't look inside but its way more explained if u can see what's happening on the microscope 
3.7.1. Isotonic buffer being aspirated from the dish using the hose cannula.
3.7.2. Talent adding buffer into the dish via the tubing attached to the dish. TXT: Repeat washing 2x
3.7.3. SCREEN: To be uploaded by Authors: Showing the response of the SE-FRET traces according to the new condition.

3.8. To measure another condition, wash the sample in the next buffer, as shown previously [1], while continuing the time-lapse imaging [2].
3.8.1. Talent adding buffer into the dish via the tubing attached to the dish.
3.8.2. SCREEN: To be uploaded by Authors: SE-FRET traces being recorded according to the new condition.

3.9. Use the values determined to calculate the mean sensitized-emission-FRET values for each ROI and all time points [1-TXT].
3.9.1. SCREEN: To be uploaded by Authors: Calculating the mean SE-FRET values for each ROI and all time points. TXT: . Calculations can be performed automatically during time-lapse imaging Videographer: Please film the screen for all shots labeled 'SCREEN' on the day of shoot as backup	Comment by Malte Klüssendorf: Not captured because this is done in parallel in real time while image acquisition by the used software.

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/files_upload.php?src=20420713
Representative Results
3.10. Using the FRET-based method, the activity of the volume-regulated LRRC8 (L-R-R-C-eight) anion channel was monitored during osmotic stimulation [1-TXT], and SE-FRET reduction correlated with extracellular hypotonicity [2]. In other experiments, LRRC8/VRAC (L-R-R-C-eight-vee-rack) activation by isosmotic stimuli, such as diacylglycerol signaling or myocyte activation, was also detected [3-TXT].
3.10.1. LAB MEDIA: Figure 3 Video Editor: Please emphasize Figure 3A TXT: LRRC8: Leucine-Rich Repeat Containing 8 Channel
3.10.2. LAB MEDIA: Figure 3B Video Editor: Please emphasize the middle region corresponding to ‘hypotonic’
3.10.3. LAB MEDIA: Figure 4 TXT: VRAC: Volume-Regulated Anion Channels


3.11. LRRC8/VRAC activity was monitored upon apoptosis induction in HeLa cells expressing LRRC8A (L-R-R-C-eight-A)-mCerulean3 (M-uh-ROO-lee-un-three; /ɛm səˈruːliən θriː/) and LRRC8E (L-R-R-C-eight-E)-mVenus (m-venus) [1]. 
3.11.1. LAB MEDIA: Figure 5

3.12. Tumor necrosis factor-alpha and cycloheximide caused a robust SE-FRET decrease [1], which recovered in a hypertonic medium [2]. DMSO (D-M-S-O) treatment did not reduce SE-FRET, confirming specificity for LRRC8/VRAC [3].
3.12.1. LAB MEDIA: Figure 5A Video Editor: Please emphasize middle region corresponding to ‘isotonic TNF-α + CHX’
3.12.2. LAB MEDIA: Figure 5A Video Editor: Please emphasize right side region corresponding to ‘hypertonic TNF-α + CHX’
3.12.3. LAB MEDIA: Figure 5B Video Editor: Please emphasize ‘DMSO labeled bar’
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