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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  

Yes. Zeiss Stemi SV6

B. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 

Step 2.2 to 2.3 and step 3.1to 3.9 included

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to investigate angiogenesis in the neonatal mouse retina. (Intro)  This is accomplished by first enucleating postnatal eyes (P1) and then applying a fixative. (P2)  The third step is to carefully dissect the postnatal murine retina into a petal shape (P3) and the final step is to stain the retinal vasculature. (P4)  Ultimately, vizualisation of mouse retina vasculature is achieved through fluorescent staining and confocal microscopy. (P5)

Video editor:

P1/P2 – We need to begin with an illustration of a mouse eye, not human. Hopefully this is available in stock footage, otherwise illustrate a sphere using the footage for step 2.6 as a visual guide for how to color it.  Now, animate the carving off the back part of the eye using a dashed line that quickly circles the sphere and fading away the front part of the eye to leave just the back side as a cup shape (see step 3.9 for shape/size of cup relative to the whole sphere). 

P3 – Using Figure1.tif as a guide, make a precise outline of this petal shape. Replace the black background with a white background.  The cup-shaped tissue from P1/P2 is carved into this petal shape, illustrate this transition.

P4 – Using Figure2a.tif, followed by 2b and 2c, overlay the staining pattern onto the illustration.  Show each overlay consecutively. Replace the black background with a white background.

P5 – Zoom into the last overlay and fade into Figure4c.tif and then fade to Figure3c.tif.  Switch the order around if it helps you blend the zoom/fade better.  You’ll need to find something in Figure2c that resembles one of these other two figures zoomed out.  Replace the black background with a white background.

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Helen Arthur: Demonstrating the procedure will be Dr Simon Tual Chalot, a post-doc from my laboratory, and Kathleen Allinson, a previous member of my laboratory. (2 takes) 
Protocol (read by voice talent at JoVE):

2. Enucleation and Fixation of Postnatal Eyes
2.1. Throughout this procedure, the default temperature is room temperature.  Begin by placing a humanely killed mouse pup on its side.
2.1.1. MED: talent at bench, preparing to remove eyes for a just killed pup, sets pup in location for dissection, next to clean tools (1 take)
2.1.2. ECU: rotating pup to the side (2 takes)
2.2. With scissors, remove the skin covering the eye.
2.2.1. ECU: cutting skin off eye, (2 takes) 

2.3. Next, with the scissors positioned below the eye, cut the optic nerve and surrounding tissues and lift out the eye with forceps. 
2.3.1. ECU: cutting tissues below eye with scissors to release the eye, then popping out eye with forceps (1 take) 
2.4. Transfer the enucleated eye to a 24-well plate containing fixative, which is 4% PFA in 2X PBS (“Pronounce as four percent P-F-A in two times P-B-S”).
2.4.1. MED: moving the eye to a well of a 24-well plate (1 take)
2.5. Proceed with dissecting the next eye, while one is in the fixative.  The stagger between the two eye dissections will be half a minute, with practice.
2.5.1. ECU: steps 2.2-2.3 on the other eye (1 take)
2.6. Allow each eye to fix for 10 to 15 minutes, then transfer them to cold 2X PBS on ice for at least 5 to 10 minutes before isolating the retinas.  Collect as many eyes into the PBS as desired. 
2.6.1. ECU: an eye is set in the fixative well, next to the other eye in well – get a nice clean angle showing the full detail of the removed eye, rolling around in the solution (1 take) - changed the shot half way through.
2.6.2. CU/MED: moving the first eye from the fixative well to the PBS container (1 take)
2.6.3. CU: the PBS container, last eye collected is added to the PBS for a total of two or four or more eyes – four or more would be better, unless the talent usually only collects 2 at a time for all the proceeding steps (1 take)
3. Dissection of Postnatal Murine Retinas
3.1. Using a plastic Pasteur pipette that has been cut to widen the bore, transfer the eyes into a Petri dish containing 2X PBS.
3.1.1. WID: talent at bench, snips the opening of a pipette to make larger (1 take)
3.1.2. MED: using cut pipette to move eyes into a Petri dish from the solution on ice, then places the dish under a dissection microscope (2 takes)
3.2. Under a dissecting microscope, remove any fat around the eye using forceps and scissors.
3.2.1. SCOPE: removing the fat around an eye with scissors (1 take) (Video editor: See the author’s (or videographer’s?) notes for 3.5.1 and 3.7.1, which make it sound like there may be a single take that covers from 3.2.1 to 3.7.1. Maybe even four takes of a combined 3.2.1-3.7.1.)
Videographer:  In this section, before each structure is removed from the eye, make sure the talent identifies it to the camera
3.3. Pierce the edge of the cornea with sharp scissors and cut around the cornea and iris.  Discard these tissues.
3.3.1. SCOPE: removing cornea from an eye (1 take)
3.4. Next, insert the forceps between retina and sclera.  Remove the sclera while taking care not to tear the retina. 
3.4.1. SCOPE: using forceps, removing the sclera form an eye (1 take)
3.5. The choroid layer can also be removed as long as there is no risk of damaging the retina.  Leaving the choroid layer on should not significantly affect the quality of the immunostaining.
3.5.1. SCOPE: removing the choroid layer form an eye - didn’t do, not necessary however, it got done when we recorded the first take of all shots in one 3.2.1 to 3.7.1 
3.6. Now, using forceps, remove the lens and the vitreous humour.
3.6.1. SCOPE: removing the lens and vitreous humour (1 take)
3.7. Follow with removing the hyaloid vessels:  Use fine forceps to gather them together in the centre of the eye, then quickly pull them away from the centre of the retina. 
3.7.1. SCOPE: removing the hyaloids vessels by gathering and pulling - did 4 takes of 3.2.1 to 3.7.1 (the last one was done at the very end of all shots as Kathleen wanted to redo it, that one was the best.)
3.8. The hyaloid vessels could alternately be snipped away at their base. 
3.8.1. SCOPE: removing the hyaloids vessels by snipping (a second eye dissection will be needed to show this alternate technique)- {This shot was not filmed} 
3.9. Simon:  Take extra care to remove all the hyaloid vessels, because if you leave some behind they can obscure your staining results.
3.9.1. MED/WID: interview style shot at bench, same location as previous shot (did in conference room as too much noise in lab - 2 takes, with different backgrounds)
3.10. The cup shaped retina should now be transferred to a clean Petri dish and rinsed clean with PBS.
3.10.1.  CU: retina ejected into a new dish (2 takes)
3.10.2. ECU/SCOPE: retina in dish as it is rinsed clean with PBS (could be better seen under the scope even if not performed under the scope) (1 take)
3.11. Now, into the retina, make 4 to 5 radial incisions that reach about two thirds of the way toward the center.  Use spring scissors to create this ‘petal’ shaped retina.  This step takes patience and practice to perfect.
3.11.1. SCOPE: show the petal shape cut from a retina (1 take)
3.11.2. Get a second take of 3.11.1 because it's a tricky step and showing it a second time or choosing the better of two takes may be helpful (1 take)
3.12. Now, draw off most of the PBS using a Pasteur pipette.  This will flatten the retina.
3.12.1.  SCOPE: the retina going flat as the solution around it is removed (1 take)
3.13. Then, remove any excess PBS with a small piece of absorbent paper.
3.13.1. SCOPE: using paper to soak solution up from around the retina, this angle shows how much paper is being used (1 take - 3.13.1 and 3.13.2 done together)
3.13.2. SCOPE: same as 3.13.1, view from the scope, showing the solution get mopped up (1 take - 3.13.1 and 3.13.2 done together)
3.14. Next, apply -20 ºC methanol, drop by drop, onto the surface of retina until it is mostly submerged and then liberally add methanol. The retinas will turn white.  This step helps to fix the retinas and will facilitate permeabilization.
3.14.1. SCOPE: adding drops of methanol onto retina (1 take - 3.14.1, 3.14.2 and 3.14.3 done together)
3.14.2. SCOPE: adding methanol more liberally after enough drops have been added (1 take - 3.14.1, 3.14.2 and 3.14.3 done together)
3.14.3. SCOPE: submerged retina turning white from methanol (1 take - 3.14.1, 3.14.2 and 3.14.3 done together)
3.15. Transfer the retinas in the cold methanol to a small tube using a wide-bore plastic pipette.  Allow them to incubate in the cold methanol for at least 20 minutes.  If needed, the retinas can stay in the methanol at -20 ºC for several months.
3.15.1. SCOPE: sucking retinas into the pipette (2 takes)
3.15.2. MED: ejecting the retinas into a small tube (2 takes)
3.15.3. WID: placing tube in freezer and starting a timer to count down 20 minutes (1 take)
3.16. Simon:  Of the antibodies used here, only anti-VE-Cadherin (Pronounce as anti-V-E-cadherin) cannot be used successfully on methanol fixed retinas. In this case retinas need to proceed straight to immunostaining after flattening them to a petal shape.
3.16.1. MED/WID: interview style shot at bench, same location as previous shot (did in conference room as too much noise in lab - 1 take, with different backgrounds)
4. Immuno/isolectin Staining of the Retinal Vasculature

4.1. Begin by carefully pipetting off the methanol from the retinas. 
4.1.1. WID: talent removes tube from freezer and takes it to the bench, following shot (2 takes)
4.1.2. CU: removing solution from retinas with pipette (1 take)
4.2. Then, give the retinas a quick and gentle rinse in 1x PBS.
4.2.1. CU: adding PBS solution back into tube and swirling (1 take)
4.3. Remove the PBS and cover the retinas with 100 µl of Perm-Block solution with 5% of the appropriate serum. (TEXT: Perm/block solution: PBS + 0.3% Triton + 0.2% BSA)
4.3.1. MED: removing the PBS from tube (1 take)
4.3.2. MED: loading pipette from bottle labeled something like “0.3% Triton, 0.2% BSA, 5% serum” and adding solution to tube (2 takes)
4.4. Set the retinas to shake gently for an hour.
4.4.1. MED: setting the tube on a shaking platform, starting it, and setting a one hour countdown on a timer  (1 take)
4.5. Later, remove the Perm/Block solution with a pipette and replace it with 100 µl of Perm/Block solution containing the primary antibody or IsolectinB4.
4.5.1. MED: stopping rocking and picking up tube to remove solution (2 takes)
4.5.2. ECU: tube (showing retinas if possible) - removing solution with pipette and then adding new solution with pipette (1 take)
4.6. Then, set the retinas to incubate overnight at 4 ºC with rocking. 
4.6.1. MED/WID: in fridge or cold room, setting the tube on a shaking platform, starting the rocking and leaving or closing door (TEXT overlay: Tubes should be wrapped in aluminum foil to protect fluorescence, but are left unwrapped for demonstration purposes.) (2 takes)
4.7. The next morning, wash the retinas four times in PBSTX (Pronounce as P_B_S_T_X) for 10 minutes per wash.  Apply gentle rocking during all the wash steps.  (TEXT: PBSTX: 1X PBS + 0.3% Triton X-100, 10 min / wash, 4 washes). 
4.7.1. WID: talent arrives at bench, appearing as though it is a day later, with tube of retinas (2 different shots in one take, added a different angle with 4.7.1 A)
4.7.2. MED: adding PBSTX, bottle on bench clearly labeled, and then setting the tube up to rock.  Starts timer to countdown 10 min and walks away (1 take)
4.8. If the primary antibody is unconjugated, add 100 µl of the appropriate fluorescent secondary antibody, diluted 1 to 200 in PBSTX. 
4.8.1. CU: secondary antibody tube, first show tube label (something like “1:200 anti- GFP”) then the tube is opened and the pipette loads up (1 take)
4.8.2. MED: ejecting solution into the tube with the retinas (1 take)
4.9. Incubate the retinas overnight at 4 ºC or for 4 hours at room temperature with gentle aggitation. (TEXT overlay: Tubes should be wrapped in aluminum foil to protect fluorescence, but are left unwrapped for demonstration purposes.)  
4.9.1. MED/WID: in fridge or cold room, setting the tube on a shaking platform, starting the rocking (2 shots in same take)
4.9.2. CU: starting a timer to countdown 4 hours 

4.10. To remove the secondary antibody, wash the retinas 4 times in PBSTX with gentle rocking for fifteen minutes per wash. (TEXT: 4 washes, 15 min / wash)

4.10.1. WID: talent arrives at bench with tube of retinas and removes solution from tube (1 take)
4.10.2. MED: loads pipette with PBSTX, bottle on bench clearly labeled, and ejects into tube.  Then sets tube on rocker and starts rocker (2 takes)
4.11. Now, proceed with mounting. Transfer the retinas onto slides using a wide bore plastic pipette and remove any excess PBSTX with a tissue.  Then, mount the retinas in 50 µl of Prolong Gold and gently cover the solution with a coverslip.
4.11.1. CU: transferring retina from tube to slide (added 4.11.1 A, CU of slide, to make sure focus was ok.)

4.11.2. ECU: on slide, removing excess solution, then adding prolong solution and applying coverslip (1 take) - changed shots in take as was moving in different areas.
4.12. To allow the Prolong Gold to set, refrigerate the slides overnight at 4 ºC, protected from light.   On the following day, proceed with imaging the retinas.
4.12.1. MED: setting the slide(s) flat in a box where they will cure (1 take)
4.12.2. WID: loading box into the refrigerator and closing door (2 takes)
5. Typical Staining of Endothelial Cell and Pericytes

5.1. After dissection the retina should look like a flat flower.
LAB MEDIA: Figure 1 
5.2. Using isolectin B4-Alexa488, the endothelial cells were stained and appear green in colour.  
LAB MEDIA: Figure 2A
5.3. Supporting vascular muscle cells were visualized using anti-alpha smooth muscle actin. 
LAB MEDIA: Figure 2B
5.4. The low power view using a 5 times objective allowed an overview of the vascular organization of the retina. 
LAB MEDIA: Figure 2C
5.5. By using a different combination of antibodies, endothelial cells can be seen using anti-CD31 immunostaining.
LAB MEDIA: Figure 3A
5.6. Supporting pericytes were visualized using antibodies against NG2 desmin.
LAB MEDIA: Figure 3C
5.7. Alternatively, the supporting pericytes were stained with anti-Desmin.  Anti-desmin staining visualizes the finger-like processes of the pericytes and helps determine whether they are closely associated with the endothelial cells. 
LAB MEDIA: Figure 4C
5.8. In contrast, anti-NG2 staining outlines the nuclei of each pericyte, which is useful when quantifying the number of pericyte cells in the vasculature. 
LAB MEDIA: Figure 3C
6. Conclusion (said by authors on camera)

6.1. Simon: While attempting this procedure, it’s important to remember to avoid touching and damaging the retina surface with your dissection tools.
6.2. Simon: Following this procedure, other methods like BrdU staining can be performed in order to investigate proliferation of specific cells.
Provided Media

For section 5, the following were uploaded:

Figure 1.tif - 2.628 MB
Figure 2A.tif - 4.322 MB
Figure 2B.tif - 4.318 MB
Figure 2C.tif - 4.321 MB
Figure 3A.tif - 4.004 MB
Figure 3B.tif - 4.003 MB
Figure 3C.tif - 4.005 MB
Figure 4A.tif - 4.005 MB
Figure 4B.tif - 4.004 MB
Figure 4C.tif - 4.006 MB
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.
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