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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include 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.

C. Which steps of your protocol will viewers benefit most from having filmed? 
For the live action shots, steps 2.1 and 2.8 are very important.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.3.-2.12. The most difficult steps are the preparation of the retinal cell suspension and 3.20-.3.23. the gating strategy 
E. Will the filming need to take place in multiple locations? Y, 2 buildings 5 min apart walking
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to isolate an enriched homogeneous population of primary murine retinal ganglion cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Vanessa Morales-Tirado: This method can help answer questions in the retinal ganglion cell field about the mechanisms underlying the decline in visual acuity in aged populations and in retinal degenerative disease patients. 

1.2. Vanessa Morales-Tirado: The main advantage of this technique is that it offers a fast, feasible, reproducible, and standardized protocol for the isolation of enriched retinal ganglion cells.  

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Monica Jablonski: Visual demonstration of our protocol is critical, because there are multiple steps that require a gentle touch to maintain the viability of the sorted retinal ganglion cells. 
1.3.1. ADDED: Monica Jablonski (PI): We first had the idea for this method, when Sumana Chintalapudi, who was then a graduate student in my lab and is first author on this study, presented at our journal club a 2013 paper by Krisnamoorthy et al. Their study clearly demonstrated that the RGC-5 cell line, which was originally generated as an immortalized rat retinal ganglion cell line, was no longer of rat origin nor did it possess the RGC phenotype. It became apparent to us that this problem left a large gap in the resources available to the vision research community, including our own lab. Sumana and I reached out to Dr. Morales-Tirado, and together the three of us developed a new method for isolating live and highly enriched RGCs. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Vanessa Morales-Tirado: Demonstrating the procedure will be Dr. XiangDi Wang, a Research Associate in Dr. Jablonski’s laboratory, and Zachary Goldsmith, a Ph.D. candidate from my laboratory.
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Tennessee Health Science Center (UTHSC).
Protocol: (read by voice talent at JoVE)
2. Retinal Suspension Preparation
2.1. To enucleate the eye, first insert forceps under the globe of the eye [1-WIDE-TXT], grip the optic nerve, and pull up [2-ECU].

2.1.1. Few seconds Talent inserting forceps (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: CO2 asphyxiation/anesthesia overdose + cervical dislocation)

2.1.2. Shot of inserted forceps, then nerve being gripped and pulled up

2.2. The globe will be enucleated, with the optic nerve intact [1-ECU]. Place the eye in a vial of PBS on ice [2-CU] and enucleate the other eye [3-ECU-TXT].

2.2.1. Shot of enucleated eye and nerve

2.2.2. Eye being placed into PBS

2.2.3. Forceps being inserted under globe of eye (TEXT: Repeat for each animal) There is an alternate take here, editor please use whichever looks best
2.3. When all of the eyes have been collected, place one eye in a Petri dish of fresh PBS under a dissection microscope [1-MED] and use forceps to carefully grasp the globe at the base of the optic nerve [2-LM].
2.3.1. Talent placing eye into dish under microscope 
2.3.2. *To be provided by Authors: Globe being grasped

2.4. Using a sharp, 30 gauge needle, puncture the cornea to allow the aqueous humor to drain, making it easier to hold the eye with the forceps [1-LM].
2.4.1. *To be provided by Authors: Few seconds cornea being punctured/aqueous humor draining out 

2.5. Holding the cornea with the forceps, use scissors to make a small incision in the corneal tissue [1-LM] and use the forceps to gently peel away the cornea and the sclera [2-LM].

2.5.1. *To be provided by Authors: Shot of cornea being grasped, then few seconds incision being made

2.5.2. *To be provided by Authors: Few seconds cornea and sclera being peeled away

2.6. When the globe is peeled halfway, use the forceps to roll out the retina and the lens [1-LM-TXT].

2.6.1. *To be provided by Authors: Few seconds retina and lens being rolled out (TEXT: Discard cornea, sclera, and lens)
2.7. Place the retina in a small 40 mm Petri dish containing PBS and 1% FBS in a biosafety cabinet [1-MED-TXT] and wash the retina three times in fresh PBS plus FBS for each wash [2-CU-TXT].

2.7.1. Talent placing dish into BSC (TEXT: Always keep retinae moist)
2.7.2. Few seconds eye being washed, with PBS + FBS container label visible in frame (TEXT: Repeat for each eye)
2.8. When all of the eyes have been washed, place up to 12 retinae onto a sterile 70 micron nylon strainer moistened with PBS and FBS [1-MED] and gently macerate the retinae with back end of a 10 mL syringe plunger using a circular motion [2-CU].
2.8.1. Few seconds Talent placing retina onto strainer

2.8.2. Overhead shot of retinae being mashed with plunger  Please stop the shot prior to seeing bubbles
2.9. When all of the cells have been dissociated, place the strainer over a polypropylene collection tube [1-MED] and use a P1000 pipette to filter the cells through the strainer into the collection tube [2-CU].

2.9.1. Talent placing strainer into tube

2.9.2. Few seconds strainer being rinsed

2.10. Rinse the strainer with PBS and FBS, pooling the wash in the collection tube [1-MED].

2.10.1.  Few seconds Talent rinsing strainer, with PBS + FBS container visible in frame Author note: “we have extra footage in 2.9.2, please use that instead”
2.11. Add enough PBS plus FBS to bring the final volume up to 1 mL of solution per retina [1-CU] and collect the cells by centrifugation [2-MED-TXT].

2.11.1.  Last few seconds volume being brought up to 1 mL

2.11.2.  Talent placing tube(s) into centrifuge (TEXT: 7 min, 200 x g, RT)
2.12. Then resuspend the pellet in PBS + FBS at a 1 mL of medium per 5 retinae concentration if immunolabeling is to be performed immediately [1-CU-TXT]. Alternatively, incubate the cells resuspended in neural cell medium overnight at 4 °C in the horizontal position [2-MED-TXT].
2.12.1.  Shot of pellet if visible, then few seconds cells being resuspended in medium, with medium container label visible in frame (TEXT: See text for all medium/reagent preparation details)

2.12.2.  Talent placing tube at 4 °C in horizontal position (TEXT: Alternative: Read cells right away)
3. Retinal Cell Immunolabeling and Sorting
3.1. To immunolabel the retinal cells, centrifuge the retinal cell suspension [1-WIDE] and resuspend the pellet in 50 microliters of fresh PBS plus FBS in a FACS tube [2-CU].

3.1.1. Talent placing tube(s) into centrifuge

3.1.2. Shot of pellet if visible, then few seconds pellet being resuspended, with PBS + FBS container label visible in frame

3.2. Set aside 5 x 106 cells for the unlabeled negative control [1-MED]. [2-MED-over the shoulder].

3.2.1. Talent adding cells to one tube, with negative control label visible in frame if possible

3.2.2. Few seconds Talent adding cells to tube(s), with all tubes visible in frame

3.3. Next, block any non-specific Fc receptor binding in each tube with 1 microliter of anti-mouse CD16-32 antibody per 1x106 cells for 10 minutes at room temperature [1-CU].
3.3.1. Few seconds blocking antibody being added to at least one tube, with CD16/32 container label visible in frame

3.4. At the end of the blocking incubation, add the antibody cocktail of interest to the cells with gentle pipetting for a 30 minute incubation on ice protected from light [1-CU-TXT].

3.4.1. Few seconds antibody cocktail being added to one tube, with antibody container label(s) visible in frame as possible (TEXT: i.e. CD90.2 AF-700, CD48 PE-Cyanine7, CD15 PE, and un-tagged CD57) use take 2
3.5. Then wash the cells two times in 4 mL final volume of PBS and FBS [1-MED-TXT].

3.5.1. Few seconds Talent adding PBS + FBS to tube(s), with PBS + FBS container visible in frame (TEXT: 7 min, 200 x g, RT, x2)
3.6. Label the cells with an appropriate secondary antibody for another 30 minutes on ice protected from light [1-CU-TXT] followed by two washes in PBS plus FBS as just demonstrated [2-MED].

3.6.1. Few seconds antibod(ies) being added to tube(s), with antibody container label(s) visible in frame (TEXT: See text for all Ab concentration/fluorophore conjugation details) Author note: “During shot the tube dropped but nothing was spilled – take in consideration during editing.”
3.6.2. Talent placing tube(s) into centrifuge

3.7. Resuspend the pellets in fresh PBS and FBS for counting cells [1-CU].

3.7.1. Shot of pellet(s) if visible, then few seconds cells being resuspended, with PBS + FBS container label visible in frame

3.8. Then dilute the cells to a 3-4x107 retinal cells/mL concentration in PBS plus FBS [1-MED] and use the single-color controls to set up the appropriate analysis gates on the flow cytometer [2-MED].

3.8.1. Few seconds Talent adding PBS + FBS to cells, with PBS + FBS container visible in frame Author note on 3.8.1 and 3.8.2: “These steps were done separately. First, we did not have to dilute cells as they were 4.0 x 107 cells in 1 mL. Second, the loading of the tubes is done later.” – so, we remove these? I’m removing them, that’s what this sounds like…
3.8.2. Talent loading tube onto flow cytometer

3.9. To adjust the compensation, add 3 drops of polystyrene microspheres into one sterile FACS tube per fluorophore [1-CU] and add 1 microgram of the respective fluorophore to each tube [2-CU].
3.9.1. Few seconds microsphere being added to tube, with microsphere container label visible in frame ignore “take cont” on slate
3.9.2. Few seconds fluorophore being added to tube, with fluorophore container label visible in frame ignore “take cont” on slate
3.10. Incubate the microspheres for 15 minutes at room temperature protected from light [1-MED]. 
3.10.1.  Talent placing tube onto bench/into rack

3.11. Then wash the microspheres in 3 mL of PBS and FBS [1-MED-over the shoulder-TXT] and carefully remove the supernatant [2-CU].

3.11.1.  Talent placing tube(s) into centrifuge (TEXT: 5 min, 200 x g, RT)

3.11.2.  Few seconds supernatant being removed

3.12. Resuspend the microsphere pellets in 250 microliters of PBS and FBS [1-CU] and load the unlabeled sample tube onto the flow cytometer [2-MED].

3.12.1.  Few seconds pellet being resuspended in PBS + FBS use take 2
3.12.2.  Talent loading tube onto cytometer

3.13. In the flow cytometer software, select “Experiment”, “Compensation Setup” and “Create Compensation Controls” [1-SCREEN].
3.13.1.  *To be provided by Authors: Experiment, then Compensation Setup, then Create Compensation Controls being selected
3.14. Add the fluorophore-specific controls from the displayed list and click “OK” [1-SCREEN].
3.14.1.  *To be provided by Authors: Few seconds fluorophore controls being added, then OK being clicked

3.15. Verify the forward-scattered and side-scattered light and gate the initial population [1-SCREEN].

3.15.1.  *To be provided by Authors: FSC and SSC light being verified, then few seconds population being gated

3.16. Then install the negative control tube onto the cytometer [1-CU] and click “Load” [2-SCREEN].
3.16.1.  Tube being loaded, with negative control label visible in frame combined with 3.16.2, AND separate shots exist?
3.16.2.  *To be provided by Authors: Load being clicked 
3.17. Verify that the population of interest, or P1 (Pronounce: P-one), is displayed and select the population [1-SCREEN].
3.17.1.  *To be provided by Authors: P1 being verified and selected 
3.18. Right click the P1 gate and select “Apply to All Compensation Controls”. Then click “Record Data” [1-SCREEN].

3.18.1.  *To be provided by Authors: P1 being right clicked, then Apply to All Compensation Controls being selected, then Record Data being clicked

3.19. When the recording is finished, click “Unload” to remove the tube [1-SCREEN] and load the next control tube to adjust the compensation controls [2-MED-TXT].

3.19.1.  *To be provided by Authors: Unload being clicked

3.19.2.  Few seconds Talent loading next tube (TEXT: Repeat compensation for all control tubes)
3.20. When all of the control samples have been recorded, create a forward versus side scatter plot for the first experimental tube [1-SCREEN] and gate the P1 population [1-SCREEN/LM].

3.20.1.  *To be provided by Authors: Plot being generated

3.20.2.  Authors: please submit the fsc vs ssc plot from Figure 3A through the submission link as its own .ai, .tif or .psd file without the A label: Population being gated OR Figure 3A fsc vs ssc: please trace/indicate polyogonal gate
3.21. Next, open a side scatter height vs side scatter width pseudocolor plot and gate the single cells [2-LM].

3.21.1. Authors: please submit the ssc-h vs ssc-w from Figure 3A through the submission link as its own .ai, .tif or.psd file without the A label: please trace/indicate rectangular gate
3.22. Using the single cells, create a forward scatter height vs forward scatter width plot and gate to exclude the doublets.

3.22.1. Authors: please submit the fsc-h vs fsc-w from Figure 3A through the submission link as its own .ai, .tif or .psd file without the A label: please trace/indicate rectangular gate
3.23. Then generate a CD48 vs CD90.2 pseudocolor plot and gate the CD90.2+CD48neg (Pronounce: C-D-ninety-point-two-positive C-D-forty-eight-negative) cells to eliminate the monocytes [1-LM] followed by a CD57 versus CD15 pseudocolor plot to eliminate any amacrine cell contaminants [2-LM-TXT]. 

3.23.1. Authors: please submit the CD48 vs CD90.2 from Figure 3A through the submission link as its own .ai, .tif or .psd file without the A label: please trace/indicate square gate
3.23.2. Authors: please submit the CD15 vs CD57 from Figure 3A through the submission link as its own .ai, .tif or .psd file without the A label: please trace/indicate cells in bottom left quadrant (TEXT: Gate CD15-CD57- cells)  
3.24. Now define the populations to be collected for the sample in the “Sort Layout” sheet and sort the cells [1-LM-TXT].

3.24.1.  *To be provided by Authors: Few seconds at least one population being defined, then sort being started (TEXT: i.e. CD90.2+CD48-CD15-CD57- cells)
3.25. At the end of the sort, use a 2.5 x 104 cell aliquot to confirm the purity of the isolated cell population [1-LM].

3.25.1.  Authors: please submit the histograms from Figure 3B together in one .ai, .tif or .psd file without the B label: please indicate black histogram in CD90.2 graph
4. Results: Representative Retinal Ganglion Cell (RGC) Analyses
4.1. After mashing the retinae in the cell strainer, multiple inner retinal cells can be visualized, even though the retinal ganglion cells have lost their signature morphology due to axotomy during the cell isolation procedure [1-LM].

4.1.1. Authors: please submit the image from Figure 2B through the submission link as its own .ai, .tif or .psd file without the B label: please trace/indicate at least one cell OR no animation
4.2. The classic Thy1+CD48neg (Pronounce: thigh-one-positive C-D-forty-eight-negative) surface phenotype is not sufficient for identifying and isolating the murine retinal ganglion cells [1-LM], as these cells express genes associated with amacrine [1-LM], Müller [2-LM], bipolar [3-LM], horizontal photoreceptor [4-LM], and retinal pigment epithelial cells [5-LM].

4.2.1. Authors: please submit the graph from Figure 4A through the submission link as its own .ai, .tif or .psd file without the A label: no animation
4.2.2. Figure 4A: please indicate amacrine data bars

4.2.3. Figure 4A: please indicate Muller data bars

4.2.4. Figure 4A: please indicate bipolar data bars

4.2.5. Figure 4A: please indicate horizontal data bars

4.2.6. Figure 4A: please indicate RPE data bars

4.3. The sorted cells also express retinal ganglion cell-associated intracellular markers, such as synuclein gamma [1-LM], BRN3A (Pronounce: B-R-N-three-A) [2-LM], TUJ1 (Pronounce: T-U-J-one) [3-LM], and RBPMS (Pronounce: R-B-P-M-S) [4-LM], with the intracellular localization of the markers further confirmed by imaging flow cytometry [5-LM].
4.3.1.  Authors: please submit the histograms from Figure 3C through the submission link together in one .ai, .tif or .psd file without the C label: please indicate black SNCG histogram
4.3.2. Figure 3C: please indicate black BRN3A histogram

4.3.3. Figure 3C: please indicate black TUJ1 histogram

4.3.4. Figure 3C: please indicate black RBPMS histogram

4.3.5. Authors: please submit the images from Figure 3D through the submission link together in one .ai, .tif or .psd file without the D label: please indicate RBPMS image column
4.4. Some of sorted cells even begin to exhibit retinal ganglion cell morphology after in vitro cell culture [1-LM].
4.4.1.  Authors: please submit the image from Figure 3E through the submission link as its own .ai, .tif or .psd file without the E label: please trace/indicate at least one cell OR no animation
4.5. Further, quantitative PCR analysis of the highly-enriched, sorted cell population reveals a many-fold increase in the genes coding for retinal ganglion-specific intracellular markers [1-LM].

4.5.1. Authors: please submit the graph from Figure 4B through the submission link as its own .ai, .tif or .psd file without the B label: please collectively indicate the SNCG and RBPMS data bars.
5. Conclusion (said by authors on camera):
5.1. Vanessa Morales-Tirado: Once mastered, this technique can be completed in less than 6 hours if it is performed properly.

5.2. Vanessa Morales-Tirado: While attempting this procedure, it’s important to remember to keep your cell suspension sterile, to block the Fc receptors from the cell suspension to avoid non-specific antibody binding, and to discuss your cell sorting details with the cell sorter operator.

5.3. Xiang Di Wang: Following this procedure, other methods, like qPCR, can be performed to answer additional questions about gene expression profiling.

5.4. Vanessa Morales-Tirado: After its development, this technique paved the way for researchers in the vision field to help understand survival and death mechanisms in retinal ganglion cells for the development of novel therapeutics for vision preservation. 

5.5. Monica Jablonski: After watching this video, you should have a good understanding of how to isolate an enriched homogeneous population of primary murine retinal ganglion cells.

5.6. Zachary Goldsmith: Don't forget that working with specialized equipment such a cell sorter requires a highly-specialized operator.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert the filenames of all the media to be included into the video here.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions in the email accompanying the finalized script.
( 2017, Journal of Visualized Experiments


