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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?  Yes  
If Yes, can you record movies/images using your own microscope camera?
Yes  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Zeiss Stemi 2000 binocular
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
All steps of 2.2.2. can potentially be filmed from the scope
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
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  17
Number of Shots:  37 

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What research gap are you addressing with your protocol?
1.6. Maria Marsal: Despite ex vivo approaches to test retinal implantable devices have been undertaken, a detailed and comprehensive protocol from sample obtention to data analysis was missing. This work fills this gap and allows researchers from diverse backgrounds to embark on neural electrical stimulation experimentation with confidence 
1.7. 

What advantage does your protocol offer compared to other techniques?
1.8. Marina Cunquero: Calcium imaging is a popular technique for studying neural activity that offers several advantages over non-optical methods. It provides cellular resolution and can target specific cell types. For testing new MEAs results particularly useful because allows discriminating between active and inactive cells upon electrical stimulation.
How will your findings advance research in your field?
1.9. F. Taygun Duvan: We are introducing a robust methodology for studying retinal neuron responses to electrical stimulation using calcium imaging. This could potentially offer insights into selectively activating cells. Ultimately, this could aid in developing effective stimulation protocols, improving implant performance, and advancing the state of the art.
What new scientific questions have your results paved the way for?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What research questions will your laboratory focus on in the future?
1.11. Gustavo Castro-Olvera: In our lab we develop new advanced microscopy techniques. Nowadays, we investigate how to record these calcium dynamics in 3D, so, with this approach we aim to better understand the network interactions occurring in the whole tissue.

Videographer: Obtain headshots for all authors.
Ethics Title Card
1.12. This research has been performed in accordance with standard animal ethical guidelines and approved by the local animal ethics committees. ok	Comment by Pallavi  Sharma: Authors: please check the ethics title card
1.13. 

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (how the word will be spoken). 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Excision and Flat-Mounting of the Retina	Comment by Marina Cunquero: All the filming from this part is already taken by ICFO. A piece of the filming has been sent to Pallavi Sharma to determine if it can be used.

We would very much appreciate if those shots could be used for the production of the video so to avoid animal experimentation during the filming day
Demonstrator: Marina Cunquero
Ethics Title Card
2.1. Procedures involving animal subjects have been performed in accordance with standard animal ethical guidelines and approved by the local animal ethics committees.
Protocol
2.2. Two to three weeks previous imaging, inject the viral particles carrying the genetically encoded calcium indicator into the vitreous with a precision syringe	Comment by Marina Cunquero: Please, include these steps to let the reader understand better the previous steps to retinal excision
2.2.1. SCREEN: Animation based on left-top panel of Figure 1 (Intravitreal injection of vector carrier) TXT: AAV2-CAG-GCaMP5G at 7.5 x 1011 GC/mL Video editor: Please highlight the AAV-packaged GCaMP sensor.
2.3. Examine the retinal structure using fundoscopy and OCT (O-C-T) to ensure there are no adverse reactions due to surgery. Two weeks after injection, the GCL emits fluorescence visible by fluorescence fundoscopy. Immediately before starting the electrophysiology protocol eutanize the animal.
2.3.1. SCREEN: Animation based on left-top panel of Figure 1 (Intravitreal injection of vector carrier) Video editor: Please highlight the in vivo retinal imaging system.
2.4. After enucleating eyes expressing AAV2-CAG-GCaMP5G (A-A-V-Two-C-A-G - G-Camp-Five-G) [1], use small, curved forceps and fine spring scissors to remove all tissue surrounding the eyeball [2]. 
2.5. 
2.5.1. WIDE: Shot of the enucleated eyes.
2.5.2. 
2.5.3. Talent removes the tissues surrounding the eyeball.

2.6. Next, take a 3 by 3-centimeter piece of filter paper, position it on the cover of a 3.5-centimeter dish [1], and drench the filter paper with Ames' Medium [2]. Position the eyeball on the paper, with the anterior segment oriented towards the operator [3].
2.6.1. Talent places the paper on the cover of a 3.5-centimeter dish.	Comment by Marina Cunquero: We could shot this at ICFO on the filming day
2.6.2. Talent adds Ames' Medium on the filter paper.
2.6.3. Talent positions the eyeball on top of the paper.

2.7. Use a pair of straight forceps to hold the eyeball at approximately a 45-degree angle from the dish surface [1]. Use the gap between the straight forceps to guide an incision with a blade [2].
2.7.1. Talent holds the eyeball at a 45o angle.
2.7.2. Talent makes an incision on the eyeball.

2.8. Then immerse the eyeball into Ames' medium [1]. Use straight forceps and fine spring scissors to separate the anterior and posterior segments of the eye [2]. Remove the vitreous lens carefully, using two pairs of straight forceps [3], and detach the retina from the sclera [4].	Comment by Marina Cunquero: This has been included as a change in the final version of the manuscript too
2.8.1. Talent adds Ames' medium to the eyeball.
2.8.2. Talent separates the anterior and posterior segments of the eye.
2.8.3. Talent removes the vitreouslens.
2.8.4. Talent separates the retina from the sclera.

2.9. Using fine spring scissors, make an incision in the sclera towards the optic nerve [1] and cut until the retina has been successfully separated from the eyecup [2].
2.9.1. Talent makes an incision in the sclera towards the optic nerve.
2.9.2. Shot of the sSeparated the retina fully.

2.10. Transfer the excised piece of the retina onto the mounting membrane using a cut-tip plastic pipette [1]. Then, use a pair of straight forceps to flat-mount the retina, ensuring the ganglion cell layer , or GCL (G-C-L), is oriented upwards [2].
2.10.1. Talent transfers the excised piece of the retina onto the mounting membrane.
2.10.2. Talent mounts the retina with the ganglion cell layer oriented upwards.

2.11. Next, use a plastic pipette fitted with a 100-microliter pipette tip to remove the media, facilitating adherence of the retina piece to the porous membrane [1]. Next, flip the assembly onto the microelectrode array or MEA (M-E-A), positioning the GCL (G-C-L) aon top of the electrodes [2].
2.11.1. Talent removes the media from the retina.
2.11.2. Talent flips the assembly.

2.12. Then fill the sample bath with oxygenated Ames' medium [1].
2.12.1. Talent adds Ames' Medium to the sample bath.
3. Video 3:  Ex Vivo Calcium Imaging in Flat-Mounted Retinas upon Electrical Stimulation
Demonstrator: Marina Cunquero
Ethics Title Card	Comment by Marina Cunquero: I strongly suggest we just state the ethics once at the beginning of the procedure
3.1. Procedures involving animal subjects have been performed in accordance with standard animal ethical guidelines and approved by the local animal ethics committees.

Protocol
3.2. Place the AAV2-CAG-GCaMP5G expressing rat retina mounted on the porous membrane on the MEA (M-E-A) with the GCL (G-C-L) facing the electrodes on the microscope stage and connect it to the pulse generator device [1]. Place the MEA inConnect the perfusion system [2] and set the perfusion systemthe parameters to constantly perfuse the sample bath with the oxygenated Ames' medium [3-TXT]. 
3.2.1. WIDE: Talent places the mounted section on MEA on the microscope stage and connects the electronics.
3.2.2. Talent places the MEA in theconnects the perfusion system.
3.2.3. Talent sets the perfusion system parameters.  TXT: Perfusion parameters: 33 °C; flow rate:  5 mL/min

3.3. Next, inspect the retina using an inverted fluorescence microscope fitted with a fluorescent lamp, a FITC (F-I-T-C) filter, and a CMOS (C-M-O-S) camera [1]. Look for an area where stimulating electrodes and the fluorescence from GCaMP-expressing cells are visible [2]. 
3.3.1. Talent at the microscope adjusting the retina focus with the monitor screen visible in the frame.
3.3.2. Image of the area with electrodes and GCaMP-expressing cells.

3.4. In the pulse generator device's software, configure the electrical stimulation parameters like the shape, amplitude, duration, phase delay, and frequency of pulses for application [1].
3.4.1. SCREEN: The electrical stimulation parameters are being configured.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=20040073

3.5. Then synchronize the image acquisition with stimulation delivery, using the pulse generator as an external trigger to control the start of image acquisition [1]. Connect the camera to the pulse generator using the output trigger signal [2] and set the camera software's “Capture Mode” to "External Start Trigger"[3].
3.5.1. Shot of the pulse generator.
3.5.2. Talent connects the camera to the pulse generator.
3.5.3. SCREEN: The capture mode is being set to External Start Trigger

3.6. Press the Start button in the camera software so that it awaits an external trigger to start [1]. Initiate the image acquisition process using the pulse generator software [2] and save the captured images, ensuring the file name includes all the applied electrical stimulation parameters [3].
3.6.1. SCREEN: The start button is being pressed in the camera software.
3.6.2. SCREEN: The image acquisition process is being started in the pulse generator software.
3.6.3. SCREEN: The images are being saved with the applied electrical stimulation parameters.

3.7. Now, open ImageJ and segment the region of interest using the “Area Selection Tools”, add it to the ROI (R-O-I) Manager [1], and save it as a .zip folder using the ROI Manager menu [2].
3.7.1. SCREEN: Area selection tools are being selected, and ROI is being segmented and added to the ROI manager. TXT: Tab [t] to add the ROIs to the ROI Manager
3.7.2. SCREEN: The segmented region is being saved as a .zip folder.

3.8. Extract the mean gray value from the cell somas by navigating to More and clicking Multi Measure [1]. Enable the Measure all 600 slices and One row per slice options to obtain a single table in which columns correspond to ROIs and rows correspond to time frames [2].
3.8.1. SCREEN: More is being clicked, followed by multi measure.
3.8.2. SCREEN: The 'Measure all 600 slices' and 'One row per slice is being checked. ROIs and the time frames are being shown.

3.9. Then, extract the centroid from the ROIs using the Measure command [1]. 
3.9.1. SCREEN: Measure is being clicked, and the centroid is being extracted.

3.10. To correct the photobleaching effect and minimize the background, capture select approximately 15-20 frames from the non-stimulating intervals before each burst [1] and fit these frames to a linear curve to ensure optimal data analysis [2].
3.10.1. SCREEN: The frames from the non-stimulating intervals are being captured.
3.10.2. SCREEN: Frames are being Graphic generated with the fit into a linear curve.

Representative Results
3.11. The calcium traces of cell somas upon 5 bursts of pulse trains every 10 seconds during a 60-second image acquisition are shown [1]. NonFrames from the non-stimulating traces periods are shown as red-highlighted frames [2], and frames from stimulating periods are shown as are yellow-highlighted-highlighted frames [3]. 
3.11.1. LAB MEDIA: Figure 5A
3.11.2. LAB MEDIA: Figure 5A Video editor: Please highlight the red-highlighted frames.
3.11.3. LAB MEDIA: Figure 5A Video editor: Please highlight the yellow-highlighted frames

3.12. The relationship between the current required to activate the cells and the distance from the stimulating electrode is shown [1].
3.12.1. LAB MEDIA: 5B
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