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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
If Yes, we will need you to record using screen recording software.
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
Authors: Please upload all screen captured video files to your project page as soon as possible. https://review.jove.com/account/file-uploader?src=19968703

[bookmark: Text5]3. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 12/10/23

When you are ready to submit your video files, please contact our Content Assistant, Utkarsh Khare


Current Protocol Length

Number of Steps:  16
Number of Shots:  42


Interviews 
1. [bookmark: _Hlk138956231]Video 1: Author Spotlight: Studying Spatial and Temporal Regulation of Cyclic AMP Using bPAC-NanoLuciferase as an Optogenetic Tool

What is the scope of your research? What questions are you trying to answer? 
1.1. Nyla Naim: Our lab investigates spatial and temporal regulation of cyclic AMP to understand what conditions trigger specific downstream events. To effectively mimic subcellular activation and inhibition of cAMP signaling, we characterized the distribution of an optogenetic tool called bPAC-nanoLuciferase.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

What research gap are you addressing with your protocol?
1.2. Nyla Naim: To test the validity of current cAMP signaling models, we’ve developed tools to evaluate, mimic, and block cAMP signaling from sub-cellular compartments in living cells. This protocol can be used to stimulate and evaluate the distribution and function of optogenetic tools in a systematic manner.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.17.1	Comment by Pizzoni, Alejandro Carlos: Nyla’s interview filename is “interview-Q1-1.mov” and “Inerview-Q1-6.MOV”

What advantage does your protocol offer compared to other techniques?
Alejandro Pizzoni: Our goal was to test if focused light pulses can precisely activate optogenetic proteins in specific cell zones, avoiding impact on surrounding proteins. This method could be vital for studying proteins with widespread distributions or if the intended effect is to generate localized increases in cAMP or other signaling molecules.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
How will your findings advance research in your field?
1.3. Alejandro Pizzoni: In optogenetic experiments, the typical approach involves stimulating either the entire field of cells or, at times, smaller designated areas of interest. However, the selection of the area and intensity is often arbitrary. Our systematic approach enables investigators to conduct more accurate experiments, helping to mimic patterns of signaling pathways.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.17.2, 2.16.5	Comment by Pizzoni, Alejandro Carlos: Alejandro’s interview filenames are “interview_AP1 and interview_AP2”


Protocol Videos 

Video 2: Light Stimulation and Live Cell Imaging to Study an Optogenetic Protein
Demonstrator: Alejandro Pizzoni
Protocol
For this study, use cells co-transfected with a nuclear-targeted cylic AMP or cAMP (cylic-A-M-P) sensor and an optogenetic nuclear-targeted protein NLS-bPAC-nLuc (N-L-S-B-Pack-nanoluciferase) [1-TXT]. Culture and manipulate the cells expressing the nuclear bPAC (B-pack) in a dark environment [2]. Use a red safelight lamp to avoid exposure to wavelengths less than 500 nanometers [3-TXT].	Comment by Sritama  Bose: Authors: Please note that we have modified the shots for 2.1. 
It is okay if you are unable to film the completely dark environment - just a representative shot of turning off a ceiling light is enough, as mentioned in 2.1.2. Because we have already mentioned the requirement of a dark environment in the narration, there is no need to add it again as a text overlay.
 	Comment by Pizzoni, Alejandro Carlos: ok
WIDE: An establishing shot of talent preparing materials for the study in the biosafety cabinet. TXT: cAMP sensor used: H208; bPAC-nLuc: Bacterial photoactivatable adenylyl cyclase-nanoluciferase	Comment by Pizzoni, Alejandro Carlos: 2.1.1a and / or 2.1.1b can be used and/or 2.1.1c
Maybe it can be clarified that before transfecting optogenetic proteins, normal light conditions are appropriate.
Talent turning off the ceiling lights.
Talent switching on the red lamp to begin work. TXT: Use 13 W amber compact fluorescence bulb with the appropriate filter.	Comment by Pizzoni, Alejandro Carlos: 2.1.3 video = Please use the first few seconds (light being turned off) and from 00:45 onwards
Perform the imaging experiments in a motorized two-deck microscope equipped with a multi-LED (L-E-D) light engine [1], an emission filter wheel [2], XY stage [3], an ORCA (Orca)-Fusion Digital CMOS (Cee-MOS) camera [4], and a 100x (hundred ex) magnification oil objective with 1.4-numerical aperture [5].	Comment by Sritama  Bose: Authors: Please note that the narration for 100x/1.4 has been edited to make it simpler to understand - let us know if it is incorrect.	Comment by Pizzoni, Alejandro Carlos: ok
Talent placing the sample under the microscope.	Comment by Pizzoni, Alejandro Carlos: TO: CHANGE

2.2.1. Talent placing the sample under the microscope.
2.2.2. Talent pointing at the emission filter wheel and the ORCA fusion Digital CMOS camera.
2.2.3. Talent pointing at the XY stage.
2.2.4. Talent pointing at the oil objective.
Talent pointing at the emission filter wheel.
Talent pointing at the XY stage.
Talent pointing at the ORCA fusion Digital CMOS camera.
Talent pointing at the oil objective.
To capture images, use digital microscopy software [1]. This setup is capable of stimulating cells and performing FRET (Fret) measurements simultaneously [2-TXT] by using an independent lightpath equipped with a ZT458rdc (Z-T-4-5-8-r-d-c) dichroic filter [3]. 	Comment by Sritama  Bose: Authors: We have modified shot 2.3.3 as per your suggestion.
Do you want the narration for step 2.3 to be as it is now, or do you wish to change it, considering that shot 2.3.3 is different?
You mentioned adding texts as "Lightpath for imaging" and "Lightpath for optogenetic stimulation" - do you wish to add those as on-screen text overlays or incorporate in the narration? 
Please mention in your post-shoot notes, we will edit it afterward.	Comment by Pizzoni, Alejandro Carlos: It would be better to put these as ‘on-screen text’ I will point to each one (first imaging, then stimulation) and the text can be overlaid at this point (during 2.3.3).
Talent sitting in front of a computer and opening the digital microscopy software.	Comment by Pizzoni, Alejandro Carlos: This step (opening software) is actually performed 2.4.3 so this step should be just sitting in front of the computer. 
Let me know if this is okay.
Shot of the entire system showing the microscope, the computer, and any other connected equipment. TXT: TXT: FRET: Förster resonance energy transfer; Imaging: Olympus IX83 two-deck Microscope + Spectra X; Optogenetics: LDI-7 + UGA‑42 Geo	Comment by Sritama  Bose: Authors: We need to show the full form of FRET when using it for the first time.
So, the text overlay on screen will look like:

FRET: Förster resonance energy transfer
Imaging: Olympus IX83 two-deck Microscope + Spectra X
Optogenetics: LDI-7 + UGA‑42 Geo	Comment by Pizzoni, Alejandro Carlos: ok
Shot of the two lightpaths that converge into the microscope. 	Comment by Pizzoni, Alejandro Carlos: 2.3.3a = lightpath for FRET; 2.3.3b = lightpath for optogenetic stimulation.
After turning on the UGA‑42 (U-G-A-forty-two) Geosystem and the lasers [1], switch on the microscope to set it up appropriately for acquiring data with the H208 (H-2-0-8) FRET sensor [2]. Then, sequentially open the SysCon (sys-con) software and the imaging software that controls the microscope [3].	Comment by Pizzoni, Alejandro Carlos: Geo system (two words)
Talent turning on the UGA-42 Geosystem. 	Comment by Pizzoni, Alejandro Carlos: ...and LDI-7 lasers	Comment by Pizzoni, Alejandro Carlos: 2.4.1a = UGA-42 ; 2.4.1b = LDI-7
Authors: The shots labeled as SCREEN are those that would be visualized on a computer screen. Because filming the screen directly does not produce good-quality images, we recommend recording the shots using screen recording software.
Talent switching on the microscope.
SCREEN: The SysCon software and the imaging software are opened.
To calibrate the system before each use, navigate to the Camera window and select the Calibration Tab [1]. Set the laser wavelength compatible with the optogenetic protein - choose 445 nanometers to stimulate bPAC-nanoluciferase [2]. Select the Camera tab and click Start Acquisition to begin the acquisition from the imagining software [3]. 	Comment by Pizzoni, Alejandro Carlos: To add:

Select the Calibration Tab again [4]. Click the  ‘Start Calibration’ button [5]. In the drop-down list that appears select the proper calibration mode. Follow the calibration steps indicated by the manufacturer.  You may need to change the imaging software settings to perform proper calibration. Calibration should be performed on a cell-free area of your sample [6].
SCREEN: The Camera window is clicked, and then the Calibration Tab option is selected.
SCREEN: The laser wavelength is set to 445 nm in the Calibration Tab.
SCREEN: The Camera tab is clicked, followed by the Start Acquisition option being clicked.	Comment by Pizzoni, Alejandro Carlos: To add:

2.5.4 = SCREEN: The Calibration Tab is selected again.
2.5.5 = SCREEN: The ‘Start Calibration’ button is clicked.
2.5.6 = SCREEN: In the drop-down list that appears the desired calibration mode is selected.
Next, in the Image Viewer window, visualize either a live or a previously acquired fluorescence image of the cells from the imaging software [1] and use it as a guide to position the stimulation objects [2].	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.6 = Next, using the imaging software acquire one fluorescence image. Fluorescent cells will appear in the Image Viewer window [1]. Position the cell that will be stimulated using the microscope controls (XY) within the Area Of Influence (red square; AOI), preferably at its center [2]
SCREEN: The Image Viewer window is clicked, and an appropriate desired fluorescence image is selected for visualization.	Comment by Pizzoni, Alejandro Carlos: TO CHANGE: 

2.6.1 = SCREEN: Cells appear in the Timeline window after acquiring one fluorescence image in the imaging software.
2.6.2 = SCREEN: The cell that is going to be stimulated is centered at the Area of Interest (AOI; red square)
SCREEN: The selected image being used to guide the position of the stimulation object.
Prior to starting the actual experiment, use the Click and Fire mode to quickly evaluate the responsiveness of an individual cell [1]. After that, in the Sequence-Manager window, select add to create a new sequence [2]. 	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.7 = Before starting the actual experiment, use the ‘Click and Fire mode’ to quickly evaluate the responsiveness of an individual cell. In the ‘Timeline window’, adjust the cell stimulation parameters, including the light source, duration, and intensity of the stimulus [1]. In the ‘Image Viewer window’ click approximately on the center of the cell and evaluate the response. Evaluate the responsiveness of the cell in your imaging software [2]. 
SCREEN: The Click and Fire is clicked, and the responsiveness value of an individual cell appears.	Comment by Pizzoni, Alejandro Carlos: 2.7.1 = SCREEN: In the ‘Timeline window’, the wavelength and intensity of the stimulus are configured at the ‘Lightsource subwindow’ and the duration of the stimulus is set at the ‘Object Timing subwindow’. Reference stimulus; 445 nm, 10% laser power, 2000 ms duration.

2.7.2 = SCREEN: The cells are stimulated by clicking within the cell in the ‘Image Viewer subwindow’. A mark will stay after each stimulus is applied as a reference. 
SCREEN: The Sequence-Manager window is clicked, and then the option <add> is clicked.
By properly calibrating the system, in the Image Viewer window, draw objects of various sizes and shapes corresponding precisely to the stimulation patterns projected onto the cells [1]. This ensures that the patterns accurately match the intended stimulation objects drawn [2].	Comment by Pizzoni, Alejandro Carlos: PROCEED DIRECTLY TO THE NEXT STEP
SCREEN: The Image Viewer window is selected, and objects with various shapes and sizes are drawn that match the stimulation patterns projected onto the cells.
SCREEN: The screen showing one of the stimulation objects drawn accurately matches the pattern on the cell.
Then, in the Image Viewer window, select the Round icon in the toolbar on the left to draw circular stimulation objects [1]. Create multiple small identical circles and distribute them evenly, ensuring homogeneous coverage of the entire cytoplasm of the cells to be stimulated [2].	Comment by Pizzoni, Alejandro Carlos: TO CHANGE =

2.9 = SCREEN: In the Image Viewer window, select the Round icon in the toolbar on the left, and in the drop-down menu, click on ‘filled’ to draw filled circular stimulation objects [1]. By repeating this step, create multiple identical circles  and distribute them evenly, ensuring an homogeneous coverage of the entire cytoplasm of the cell to be stimulated [2].
SCREEN: The Image Viewer window is open, the Round icon in the toolbar on the left is clicked, and a circle is drawn.	Comment by Pizzoni, Alejandro Carlos: TO CHANGE: 

2.9.1 = SCREEN: A filled circle is drawn in the Image Viewer window by clicking the ‘round icon’ and then the ‘filled’ option in the drop-down menu [1]. 

2.9.2 = SCREEN: Repeating the previous step creates a set of stimulation objects and distributes them over the cell [2].
SCREEN: Several small identical circles are drawn, and they are distributed evenly to cover the entire cytoplasm of the cells.
Right-click on each circle to verify the homogeneity of the circular stimulation objects. Use the window that appears to examine their radius, position, etc. [1]. Set the radius between 1 and 5, depending on the objective used and the size of the cell [2].	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.10 = In the Image Viewer Window, click the mouse pointer icon on the left and then right-click one of the stimulation objects to check and edit its properties [1]. Alternatively, you can select all the simulation objects drawn and then right-click to edit the properties of all the selected stimulation objects together [2]. 
SCREEN: One of the drawn circles is right-clicked, and a window appears.	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.10.1 =	SCREEN: Several of the drawn circles (simulation objects) are right-clicked in sequence. The properties window appears each time and their parameters are edited.
2.10.2 = SCREEN: A group of stimulation objects are selected and the properties window appears (after right-clicking them) where their parameters are edited.	Comment by Pizzoni, Alejandro Carlos: AUTHOR COMMENT to the video editor:

2.10.1 = 2.10.mp4 
2.10.2 = 2.10b.mp4
SCREEN: In the window that appears, the radius is set to a value between 1-5.
In the View subwindow, click the Snap to Grid button to maintain even spacing and alignment of the circles [1]. Additionally, set the properties of the grid with the Set Grid button [2].	Comment by Pizzoni, Alejandro Carlos: To change:

2.11 = In the View subwindow, click the Snap to Grid button. This grid can help you maintain even spacing and alignment of the circles to form a proper matrix or array [1]. Additionally, you can customize the properties of the grid with the Set Grid button [2].
SCREEN: The View window is clicked, and then the Snap to Grid option is clicked.	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.11.1 =	SCREEN: The view window is clicked, and then the Snap to Grid option is clicked.
2.11.2 =	SCREEN: The Set Grid option is clicked, and the window/tab to set properties appears.
SCREEN: The Set Grid option is clicked, and the window/tab to set properties appears.
Ensure that the grid or matrix of evenly spaced circular stimulation objects completely covers the cell, and its size is determined by the size of the cell [1]. Include some circles positioned outside the cell as a control for null stimulation that should not trigger any cellular events [2]	Comment by Pizzoni, Alejandro Carlos: TO CHANGE: 

2.12 = Distribute the stimulation objects evenly with the help of the grid [1]. Add more stimulation objects if necessary to cover the entire cell. Ensure that all have the same properties [2]. 
SCREEN: A cell is examined, and the cursor is moved over it to check if the grid of evenly spaced circular stimulation objects completely covers it.	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.12.1 = SCREEN: Stimulation objects are distributed and aligned with the grid.

2.12.2 = SCREEN: New stimulation objects are added. They are aligned to the grid and its properties checked.	Comment by Pizzoni, Alejandro Carlos: AUTHOR COMMENT to the video editor:

2.12.1 and 2.12.2 are shown in 2.12.mp4

In 2.12b.mp4, I show how the grid should look when finished (add after 2.12.mp4).
SCREEN: A few circular stimulation objects are drawn outside the cell.
Each object created in the Image Viewer window will appear in the Timeline window [1]. In the Object Timing subwindow, configure the temporal properties of each stimulation object, including start time, duration, delay, etc. [2].	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.13.1 = SCREEN: Each stimulation object previously created in the Image Viewer window will be present in the Timeline window where you can edit their a different set of properties, including start time, duration, delay, intensity, etc. To properly visualize the simulation objects first expand the Timeline window [1]. Now you can see te temporal properties of your stimulation objects in the Timeline window. Select all the stimulation objects and edit their delay and duration in the Object Timing subwindow [2].
SCREEN: The Timeline window is opened, and the objects created in the Image Viewer window appear in the Timeline window.	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.13.1 = SCREEN: The Timeline window is expanded.

2.13.2 = SCREEN: In the timeline window, the stimulation objects are selected and their duration and delay are edited Object timing subwindow.
SCREEN: The Object Timing subwindow is clicked, and the properties like start time, duration, and delay are set.
In the Lightsource subwindow, configure the object wavelengths and intensities - in this case, ensure identical wavelength, duration, and intensity for each object [1]. To prevent superimposing the effect of various stimulations, set different start times for each object [2] and vary the delay between them depending on the expected outcome [3].	Comment by Pizzoni, Alejandro Carlos: TO CHANGE: 

2.14 = n the Lightsource subwindow, configure the object wavelengths and intensities. Ensure identical wavelength and intensity for all [1]. To prevent superimposing the effect of two or more stimulations, set different start times for each object or vary the delay between them depending on the expected outcome [2].
SCREEN: The Lightsource subwindow is clicked, and the object wavelengths and intensities are set for an object.	Comment by Pizzoni, Alejandro Carlos: CHANGE:

2.14.1 = SCREEN: The Lightsource subwindow is clicked, and an object's wavelengths and intensities are set.
2.14.2 =	SCREEN: The delay time between stimulation objects is changed.
SCREEN: The start time of the object is set.
SCREEN: The delay time is set.
Next, in the Timeline window, alter the sequence in which each stimulation object will be activated if required [1]. Configure stimulations in a regular or random pattern, depending on the experiment [2].	Comment by Pizzoni, Alejandro Carlos: Next, in the Timeline window, you can change the sequence in which each stimulation object will be activated if required. You can configure the sequence of stimulations in a regular or random pattern, depending on the experiment [1].
SCREEN: The Timeline window is opened, and the sequence in which the objects will be activated is altered.
SCREEN: The stimulations are being configured appropriately.
After uploading the sequence to the system [1], configure the number of sequence cycles or runs the system will perform [2]. Place the regions of interest in the imaging software at the desired positions [3]. Finally, press Play at the UGA-42 window [4] to start acquiring fluorescence images with the microscope [5].	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.16. After uploading the sequence to the system [1], configure the number of sequence cycles or runs the system will perform in the Sequence subwindow [2]. To measure the fluorescence changes of the stimulated cell, place the regions of interest in the imaging software at the desired positions. Start acquiring fluorescence images [3].  Finally, press Play at the UGA-42 window to start stimulating the cells [4 and 5].
SCREEN: The sequence is uploaded to the system.	Comment by Pizzoni, Alejandro Carlos: 2.16.1.	SCREEN: The sequence is uploaded to the system. 
2.16.2.	SCREEN: The number of sequence cycles or runs is set.
2.16.3.	SCREEN: The position of the regions of interest is properly set in the imaging software and the image acquisition begins.
2.16.4  = SCREEN: The UGA-42 window is open, the Play button is clicked, and cell stimulation begins.
2.16.5.	Shot of the microscope stage with a close-up of the chamber where the cells are being imaged, showing light emission due to imaging (e.g., red) and optogenetic stimulation (e.g., blue).

AUTHOR COMMENT = I recorded two videos showing how the stimulation objects in the image viewer window and in the timeline window are stimulated in sequence. 2.16.4-detail.mp4 and 2.16.4-detail2.mp4. These may be included here.
SCREEN: The number of sequence cycles or runs is set.
SCREEN: The position of the regions of interest is set properly in the imaging software.
SCREEN: The UGA-42 window is open, the option Play is clicked, and image acquisition begins.
Shot of the microscope stage with a close-up of the chamber where the cells are being imaged, showing light emission due to imaging (e.g., red) and optogenetic stimulation (e.g., blue).	Comment by Sritama  Bose: Authors: I suggest using this shot you added here. Let me know if you wish otherwise.	Comment by Pizzoni, Alejandro Carlos: Yes it’s fine.
Observe the intensity change of the cAMP sensor due to stimulation [1] [2].
SCREEN: The intensity change of a cAMP sensor due to stimulation, preferably including the actual image recorded by the microscope and the measured trace as it rises in the imaging software – SLIDEBOOK.	Comment by Sritama  Bose: Authors: We cannot show any visual without an accompanying narration. Now, for the shots you added, I suggest the narration 2.17. We will use a split screen to show both shots 2.17.1 and 2.17.2 together - One will show the stimulation points and the other will show the intensity change.
Let me know if you wish to make any changes.	Comment by Pizzoni, Alejandro Carlos: I suggest a slight modification here:

2.17 = Observe the actual stimulation beams that can be also captured by the camera and their correlation with the stimulation objects [1]. Note the change in intensity of the green trace only, which shows the increase in the cAMP concentration measured by the sensor. This occurs specifically when the beam reaches a part of the cell with the minimum amount of Bpac-nanoluciferase [2].	Comment by Pizzoni, Alejandro Carlos: 2.17.1 = The actual stimulation beams recorded by the microscope. This illustrates their discrete locations, transient nature, and correlation with stimulation objects. 

2.17.2 = The intensity change of a cAMP sensor due to stimulation, including the actual image recorded by the microscope and the measured trace (green)  as it rises in the imaging software – SLIDEBOOK.	Comment by Pizzoni, Alejandro Carlos: “grid addendum 1.mp4” 

This sequence can be added at the end to further clarify/show how stimulation correlates with the position of the cells (it can reproduced at high speed if required) 
SCREEN: The actual stimulation beam recorded by the microscope to illustrate the exact stimulation points, especially their discrete locations and transient nature.
Authors: Please record all shots labeled as SCREEN using screen recording software and upload the video files to your project page as soon as possible. https://review.jove.com/account/file-uploader?src=19968703
Representative Results
The detected yellow fluorescence from H208 revealed that only stimulations directed to the cell nucleus were able to generate measurable cAMP elevations [1]. 	Comment by Pizzoni, Alejandro Carlos: TO CHANGE:

2.18 =The yellow fluorescence (used to determine nuclear position) and the changes in FRET ratio of H208 revealed that only stimulations directed to the cell nucleus were able to generate measurable cAMP elevations [1]. 
LAB MEDIA: Figure 1
This confirmed that bPAC-nanoluciferase was expressed exclusively in the nuclear compartment of HC-1 (H-cee-one) cells [1]. Transient cAMP increase triggered by bPAC nanoluciferase stimulation was observed at each stimulation spot [2].
LAB MEDIA: Figure 1. Video Editor: Emphasize the yellow region in the center of the image at the left.
LAB MEDIA: Figure 1. Video Editor: Emphasize the black curves under labels ‘B - F’ in the right portion of the image. The other parts of the image should remain visible.
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