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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? No
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.
Motic SMZ-168
SCOPE shots: 3.2.2, 3.2.3, 3.3.1
Videographer: Please film the shots listed above using a SCOPE kit.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No
Videographer: Please film the computer screen for all shots labeled as SCREEN.

3. Filming location: Will the filming need to take place in multiple locations?  Yes
If Yes, how far apart are the locations? 5 min Foot Walk

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No


Current Protocol Length
Number of Steps:  26
Number of Shots:  46 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Some statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Felicitas Bucher: We enrich retinal endothelial cells and Müller glia for single-cell profiling to support future studies of the blood–retinal barrier in disease.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Felicitas Bucher: Standard retinal dissociation underrepresents rare endothelial cells and Müller glia. Our protocol enriches both, for single-cell transcriptomic analysis.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Johannes Robert Fleischer: This protocol allows researchers to study the complex roles of retinal Müller Glia and Endothelial cells within their natural microenvironment in vivo.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the most important consideration or challenge when performing this protocol.
1.4. Johannes Robert Fleischer: The main challenge is preserving cell viability during retinal dissociation and sorting while enriching rare endothelial cells and Müller glia.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Johannes Robert Fleischer: Future studies could apply this workflow to disease models, compare endothelial and Müller glial cell states, and identify candidate therapeutic targets for testing.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
All mice experiments adhered to the animal care guidelines of the Institute for Laboratory Animal Research (Guide for the Care and Use of Laboratory Animals) in accordance with both the ARRIVE guidelines and the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. All animal research was approved by the Institutional Animal Care and Use Committee (IACUC) under approval number G22-053. 



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Reagent Preparation
Demonstrator: Melanie Schwämmle 

2.1. To begin, prepare 500 milliliters of PBS, 2 millimolar EDTA, and 0.25 percent BSA [1].
2.1.1. WIDE: Talent at the working bench with all the required reagents in the frame.
2.2. Weigh 0.25 grams of magnesium- and calcium-free BSA to make a solution in PBS [1].
2.2.1. Talent weighing 0.25 grams of magnesium- and calcium-free bovine serum albumin.
2.3. Prepare 2 milliliters of 500 millimolar magnesium- and calcium-free EDTA stock solution [1].
2.3.1. Talent preparing 2 milliliters of 500 millimolar magnesium- and calcium-free EDTA stock solution.
2.4. Add magnesium- and calcium-free PBS to approximately 450 milliliters and mix thoroughly [1]. Adjust the pH to 7.2 while stirring [2], then bring the final volume to 500 milliliters with PBS [3]. Refrigerate the preparation at 4 degrees Celsius overnight [4].
2.4.1. Talent filling the preparation to approximately 450 milliliters with magnesium- and calcium-free PBS and shaking it well.
2.4.2. Talent adjusting the pH to 7.2 while stirring.
2.4.3. Talent topping up the preparation with PBS to 500 milliliters while stirring.
2.4.4. Talent placing the preparation in the refrigerator.
2.5. Next, coat 1.5-milliliter low-binding tubes with BSA stock solution diluted 1 to 5 in PBS [1].
2.5.1. Talent coating 1.5-milliliter low-binding tubes with bovine serum albumin stock solution diluted 1:5 in phosphate-buffered saline.

3. Mouse Retina Extraction 
Demonstrator: Melanie Schwämmle
3.1. Transfer the enucleated mouse eye to 1000 microliters of HBSS (h-b-s-s) and place it on ice [1].
3.1.1. WIDE: Talent at the working bench with enucleated eyes in 1000 microliters placed on ice.
3.2. Transfer the sample to a backlit microscope [1]. Using forceps, grasp the eye at the cornea and tear open the eye [2]. Then, peel the retina and lens through the prongs to remove the sclera or choroidal complex [3].
3.2.1. Talent transferring the sample to a backlit microscope.
3.2.2. SCOPE: Talent grasping the eye at the cornea with forceps and tearing open the eye.
3.2.3. SCOPE: Talent peeling the retina and lens through the prongs of the forceps to remove the sclera/choroidal complex.
3.3. Afterward, remove the remaining parts of the choroid, pigmented cells, and lens [1].
3.3.1. SCOPE: Talent removing the remaining parts of the choroid, pigmented cells, and lens.
Videographer: Please film the shots labeled as SCOPE using a SCOPE kit.

4.  Single Cell Suspension Preparation
Demonstrator: Melanie Schwämmle
4.1. Mix 500 microliters of papain with 50 microliters of DNase (d-n-ase) mix [1] and preheat the mixture in a water bath at 37 degrees Celsius [2].
4.1.1. WIDE: Talent mixing 500 microliters of papain with 50 microliters of deoxyribonuclease mix.
4.1.2. Talent placing the mixture in a 37 degrees Celsius water bath.
4.2. Transfer both isolated retinae from one mouse into the preheated mixture of papain and DNase, then incubate for 10 minutes at room temperature [1].
4.2.1. Talent transferring both isolated retinae to the preheated mixture of papain and DNase and keeping it aside.
4.2.2. Talent removing the sample from water bath and placing it in the bench.
4.3. Using a 1000-microliter pipette, break up the retinae until no clumps are visible [1]. Transfer solution onto 500 microliters of albumin-ovomucoid inhibitor solution to stop the reaction [2].
4.3.1. Talent breaking up the retinae with a 1000-microliter pipette until no clumps are visible.
4.3.2. Talent transferring solution onto 500 microliters of albumin-ovomucoid inhibitor solution.
4.4. Centrifuge the sample at 1000 g for 10 minutes at 4 degrees Celsius [1]. Remove the supernatant [2].
4.4.1. Talent placing the sample in the centrifuge.
4.4.2. Talent removing the supernatant.
4.5. Resuspend the pellet in 1 milliliter of wash buffer [1]. Then, transfer the resuspended pellet into a 5-milliliter FACS (facs) tube [2] and place the tube on ice [3].
4.5.1. Talent resuspending the pellet in 1 milliliter of wash buffer.
4.5.2. Talent transferring 1 milliliter of the resuspended pellet into a 5-milliliter fluorescence-activated cell sorting tube.
4.5.3. Talent placing the fluorescence-activated cell sorting tube on ice.

5. Cell Staining and Preparation for FACS Analysis
Demonstrator: Melanie Schwämmle
5.1. Centrifuge the cells in a 5-milliliter FACS tube at 500 g for 5 minutes at 4 degrees Celsius [1]. 
5.1.1. WIDE: Talent placing the 5-milliliter fluorescence-activated cell sorting tube containing the cells in the centrifuge.
5.2. Decant the supernatant and resuspend the cells in 1000 microliters of 1 to 10,000 DAPI [1]. Cover the tube with silver foil to block light [2] and incubate for 5 minutes in the refrigerator [3].
5.2.1. Talent decanting the supernatant and resuspending the cells in 1000 microliters of 1:10,000 4′,6-diamidino-2-phenylindole diluted in wash buffer.
5.2.2. Talent covering the tube with silver foil.
5.2.3.  Talent placing the tube in the refrigerator.
5.3. Then, centrifuge the tube at 500 g for 5 minutes at 4 degrees Celsius [1].
5.3.1. Talent placing the fluorescence-activated cell sorting tube containing the cells in the centrifuge.
5.4. After removing the supernatant, resuspend the cells in 150 microliters of 1 to 200 fragment crystallizable receptor block containing CD16 (c-d-sixteen) and CD32 (c-d-thirty-two), diluted in wash buffer [1]. Incubate for 20 minutes in the refrigerator while covering the tube with silver foil to block light [2]. 
5.4.1. Talent resuspending the cells in 150 microliters of 1:200 fragment crystallizable receptor block containing cluster of differentiation 16 and cluster of differentiation 32.
5.4.2. Talent covering the tube with silver foil and placing it in the refrigerator.
5.5. Next, add 1 milliliter of wash buffer [1] and centrifuge the cells at 500 g for 5 minutes at 4 degrees Celsius [2].
5.5.1. Talent adding 1 milliliter of wash buffer to the cells.
5.5.2. Talent placing the fluorescence-activated cell sorting tube containing the cells in the centrifuge.
5.6. After discarding the supernatant, resuspend the cells in 150 microliters of 1 to 100 CD31-PE (c-d-thirty-one-p-e) and 1 to 50 GLAST-APC (glast-A-P-C) [1]. Add 3 microliters of 0.5 milligrams per milliliter hashing antibody to each condition [2], then cover the tube with silver foil to block light [3] and stain for 20 minutes in the refrigerator [4].
5.6.1. Talent decanting the supernatant and resuspending the cells in 150 microliters of 1:100 CD31-PE and 1:50 glutamate aspartate transporter-allophycocyanin diluted in wash buffer.
5.6.2. Talent adding 3 microliters of 0.5 milligrams per milliliter hashing antibody to each condition.
5.6.3. Talent covering the tube with silver foil.
5.6.4. Talent placing the tube in the refrigerator.
5.7. Then, add 1 milliliter of wash buffer [1], centrifuge the cells at 500 g for 5 minutes at 4 degrees Celsius, and repeat once more [2].
5.7.1. Talent adding 1 milliliter of wash buffer to the cells.
5.7.2. Talent placing the tube containing the cells in the centrifuge.
5.8. Resuspend the cells in 300 microliters of wash buffer [1]. Pass the cell suspension through a 30-micrometer cell strainer immediately before FACS analysis [2].
5.8.1. Talent resuspending the cells in 300 microliters of wash buffer.
5.8.2. Talent passing the cell suspension through a 30-micrometer cell strainer.


6. Flow Cytometry Setup, Gating, and Cell Sorting
Demonstrator: Robert Fleischer 

6.1. Establish the cytometer settings using an unstained control to adjust for cell size and granularity [1].
6.1.1. WIDE: Talent at the flow cytometry apparatus setting up the parameters.
6.2. Use fluorescence minus one stained control samples to perform the compensation setup [1].
6.2.1. SCREEN: Compensation setup being set using fluorescence minus one stained control samples.
6.3. Set the gates according to individual compensation to differentiate between negative- and positive-stained cells [1].
6.3.1. SCREEN: The gates being set according to individual compensation to differentiate between negative- and positive-stained cells.
Videographer: Please film the computer screen for all shots labeled as SCREEN.
6.4. Sort 50,000 DAPI-negative cells into a coated 1.5-milliliter low-binding tube with wash buffer [1]. Sort the remaining cells for CD31-PE or GLAST-APC into separate coated tubes with wash buffer, setting the threshold to 3,000 cells per mouse [2]. 
6.4.1. WIDE: Talent showing DAPI negative cells are being sorted into one coated 1.5-milliliter low-binding tube containing wash buffer.
6.4.2. WIDE: Talent sorting remaining cells into separate coated tubes.
6.5. After preparing the single-cell library, perform cell sequencing and data analysis [1].
6.5.1. Talent reviewing the sequencing result on the computer screen

6.5.2. 

Results

7. Results 

7.1. Highly viable single-cell suspensions containing approximately 3 to 5 million cells were routinely obtained from 13-day-old mice [1].
7.1.1. LAB MEDIA: Figure 2.
7.2. Major retinal cell types were successfully captured [1], with endothelial cells and Müller glia markedly enriched compared with their native abundance [2].
7.2.1. LAB MEDIA: Figure 4A.
7.2.2. LAB MEDIA: Figure 3D. Video editor: Highlight the regions labeled ‘Müller Cells’ and ‘ECs’.
7.3. Slc1a3 (S-L-C-One-A-3) expression localized to the Müller glia population [1], while Pecam1 (Pee-Cam-One) expression localized to the endothelial cell population [2].
7.3.1. LAB MEDIA: Figure 4C. Video editor: Highlight the purple cluster in the plot labelled ‘Slc1a3’.
7.3.2. LAB MEDIA: Figure 4D. Video editor: Highlight the purple cluster in the plot labelled ‘Pecam1’.
7.4. Most cells displayed mitochondrial RNA fractions well below 5% [1].
7.4.1. LAB MEDIA: Figure 4E. 
7.5. MHC1-based antibody hashing successfully identified vascular endothelial cells, Müller cells, microglia, monocytes, macrophages, and pericytes [1]. However, photoreceptors and bipolar cells were not labeled [2].
7.5.1. LAB MEDIA: Figure 5. Video editor: Highlight the orange and blue dots.
7.5.2. LAB MEDIA: Figure 5. Video editor: Highlight the grey dots




 2026, JoVE		Sep 29, 2026	Page 9 of 9
image1.png




