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Abstract
Organotypic culture systems of functional neural tissues are important tools in neurobiological research. Ideally, such a system should be
compatible with imaging techniques, genetic manipulation, and electrophysiological recording. Here we present a simple interphase tissue culture
system for adult rabbit retina that requires no specialized equipment and very little maintenance. We demonstrate the dissection and incubation of
rabbit retina and particle-mediated gene transfer of plasmids encoding GFP or a variety of subcellular markers into retinal ganglion cells. Rabbit
retinas cultured this way can be kept alive for up to 6 days with very little changes of the overall anatomical structure or the morphology of individual
ganglion- and amacrine cells.

Protocol
Making gene gun bullets (GOLD)

1. Make 100X PVP (0.5mg/ml) in 100% EtOH.
2. Weigh out 30mg of BioRad 1.6 Micron microcarrier gold and place it into a 1.5 ml eppendorf tube.
3. Calculate the amount of plasmid needed to give a concentration of 0.5-3 µg plasmid /mg gold, and place the plasmid into the tube with the

gold microcarriers. Combine several plasmids if needed.
4. Bring volume of plasmid to 100 µl with distilled water.
5. Add 100 µl of 0.05M spermidine into the tube. Vortex tube 30 seconds.
6. Vortex 1 minute at full speed. Sonicate for 3-5 minutes..
7. Dry an appropriate length of Tefzel tubing in a Biorad PDS-1000/He apparatus for 15 minutes.
8. After sonication, vortex for 1-2 minutes at full speed. Reduce speed slowly to allow the tube to be opened while vortexing.
9. Add 100 µl of 1 M CaCl2 slowly to the tube drop wise while vortexing.
10. Leave tube at room temperature for 10 minutes.
11. Make 5 Micron filter.

12. After 10 minutes, vortex the tube for 30 seconds.
13. Centrifuge the tube for 30 seconds and save the pellet.
14. Add 1ml of 100% EtOH to pellet. Use pipette tip to break up the pellet, and vortex 30 seconds. Spin 30 seconds and remove EtOH. Repeat 2

more times.
15. Add 1ml of 100% EtOH to the pellet (break up with tip). Place this into the 5 Micron filter and let it flow through by gravity into the 50ml conical

tube. Use more EtOH as needed to wash out tube or help with flow through.
16. Spin the 50ml tube at 2000rpm in centrifuge for 5-10 minutes. Remove supernatant, save pellet.
17. Depending on the desired density of microcarriers needed, add 800µl-1.5ml 100% EtOH and corresponding 8 µl-15 µl PVP solution.
18. Swirl and immediately go to the Biorad PDS-1000/He apparatus.
19. Biorad PDS-1000/He apparatus

20. After 15 minutes, cut the tubing to bullet size to be used immediately or stored at 4°C in an exsiccator. Bullets can be stored up to 3 months.

Preparation of gene-gun

1. Place bullets into a cartridge. Each piece of retina can be shot with 1-3 bullets.
2. Insert the cartridge into the gene-gun and attach the gun to a helium source. Set the pressure to 110 Psi.

Preparation of media
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1. Take two 5ml syringes without needles.
2. Remove the plunger, and detach the black caps. Taking small scissors, cut off a part of the black cap to give a ring. Repeat on the other

plunger to net two rings.
3. Sandwich a 5 Micron (Small Parts, Inc. nylon filter, ½ inch diameter) filter between the two rings, and push the sandwich into the tip of

syringe.
4. Dangle syringe over a 50ml conical flask.

1. Disconnect the tube connecting the N2 gas tank to the drying tube
2. Take out drying Tefzel tubing from machine
3. Insert one end into the 50ml conical tube, and attach a syringe to the other end of the tubing. Suck brown slurry into the middle of the

tube.
4. Insert tubing back into machine.
5. Wait (without rotation) for 4 minutes
6. After 4 minutes, suck off EtOH slowly and carefully, making sure not to disturb microcarriers.
7. Rotate the tubing for 1 minute.
8. After 1 minute, connect the tube connecting the N2 gas tank to the drying tube and let tubing dry for 15 minutes.
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1. Dissection medium

2. Filter the dissection medium using a 0.22 µm filter.
3. Incubation medium (500ml)

4. Filter the incubation medium using a 0.22 µm filter.
5. Bubble O2 into the dissection medium for 15 minutes before beginning the retina harvesting protocol.

Preparation of incubation chambers for retina

1. Under a hood, fill several 60 mm deep dishes (incubation chambers, Nunc) with 25 ml of incubation medium. The number of dishes depends
on the number of retinas needed.

2. Place a filter stand into each deep dish. Only the very tips of the stand should not be submerged.
3. Place all deep dishes into the incubator until the retinas are ready.
4. Fill two 100 mm petri dishes and bring to the dissection bench.

Preparation of rabbit retina

1. Sacrifice a rabbit according to established protocols. The following does not have to be performed under a hood.
2. With angled scissors, insert it behind the eye into the eye socket of the rabbit, cutting the membranes and optical nerve that are attached to

the eye.
3. Gently lift out the eye and wash it with oxygenated dissection media.
4. Place the eye (cornea facing up) into the well of an eye slicer and close the lid.
5. Place the blade horizontally right under the lid. In one smooth motion, draw the blade across the eye to cut off the cornea, leaving an eye cup.
6. Using forceps, remove the retina from the eye slicer well and place it onto a filter paper.
7. Remove the vitreous and lens by clamping an area near the severed optic nerve and pulling backwards on a filter paper. Repeat several

times until almost all the vitreous is removed and the eye cup looks deflated.
8. Place eye cup into a petri dish with dissection media to wash.
9. Cut the eye cup into the desired number of pieces (5 pieces maximum).
10. Take one piece of eye cup and place it under the microscope.
11. Clamp the sclera and choroid lightly together on the edge of retina using forceps. With the other hand, use a fine brush to brush right between

the choroid and retina.
12. Using short, gentle motions, tease the retina off the choroid until it becomes detached.
13. Cut 1 inch off a sterile transfer pipette. Use this to suck up the retina and place into a petri dish of incubation medium to wash.
14. Using another sterile transfer pipette with 1 inch cut off, carefully transfer the retina onto a 0.4 µm Millicell filter (Millipore, Cat No:

PICMORG50).
15. Use a brush to orient the retina with the ganglion cell side facing upwards.
16. Flatten out the retina by brushing lightly on the edges of the retina. Minimize touching the ganglion cell layer with the brush as much as

possible.
17. Remove excess medium on filter with a transfer pipette.
18. Using forceps, transfer the filter onto a modified suctioner. Draw on the suctioner 2-3 times to remove all the incubation medium from the

filter.

Gene gunning and incubation of retina

1. Under a hood, place each of the retina-containing-filters onto the filter stands in the 60 mm deep dishes (incubation chambers).
2. Ensure that the medium is in contact with the underside of the filter and that the medium does not spill over the sides of the filter onto the

retina. The filter should act as an interface between the retina and medium.
3. Shoot each piece of retina with two bullets. Place gene gun directly above tissue, about 3-4 cm away.
4. Place all incubation chambers onto a shaker in the 35 - 37°C incubator.
5. Replace with incubation medium every day. The retina can be incubated for a maximum of 6 days.

Discussion
1. What can I do with this method?

• See cell morphology clearly.
• Label cells to record from them.
• Overexpress proteins, like PSD95, but also other proteins that modulate the cell's response, e.g. ion channels, receptors.
• Express inhibitory RNAs.
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 1 bottle Ames solution (Sigma, 8.8g)

 1.9 gm sodium bicarbonate

 10 ml 1% pen/strep/L-Glutamine (1:100) (Gibco/Invitrogen)

 990 ml distilled water to 1L

-------------------------------

 1 Liter

485 ml of filtered dissection media

5 ml of 1% N2 supplement (Gibco/Invitrogen)

10ml 1% horse serum (Sigma)

500 µl of phenol red

----------------------------------------------------

 0.5 L
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2. How long can I keep adult retina?

3. How do I make sure your retina is healthy after this time?

4. Why do you want to manipulate only a few cells in the retina at a time?

5. Is this method suitable as a population stain?

6. Are there any "tricks" I have to know to make it work?

7. Could you gene-gun other stuff, rather than plasmids?

8. What are the limitations?

9. What other researcher's work should one be aware of?
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• 4 days is no problem for adult rabbit. After six days the cells look "sick", i.e. the axons retract, you see swelling of dendrites and the recording
of light responses becomes unreliable (only ~50% of the cells were found to be light-responsive after that time.

• We kept mouse retinas for 2 days. Mice are more difficult, because the retinas are vascularized, and also thicker than rabbit retina.

• The gold standard is recording from them. Ganglion cells should still react to light. You should protect your tissue from light during the
incubation to avoid bleaching the photopigment, because you have to dissect the retina off the pigment epithelium for incubation.

• We occasionally also used microelectrode array recording to test our retinas.

• Some questions cannot be addressed otherwise. Consider for instance GABA receptors on a ganglion cell. You could use GABA blockers,
but you would inhibit all GABAergic transmission in the retina, not just the input to the cell you are interested in. It can be very difficult to
distinguish between an effect on that cell in particular, and overall "network effects" on the whole retina.

• If you want to see the morphology clearly, you cannot label all the cells, otherwise you just get a mess.

• No. Gene gunning is a random procedure. You'll get many ganglion cells, many displaced amacrine cells, some Muller cells, and much less of
all the other cell types.

• Not really. But it is important that you do the dissection of the retina relatively quickly, so you have your pieces on the filter in less than 30
minutes. The pieces should not be too small, about one square centimeter is ok. Expect 3-4 pieces from one rabbit eye.

• Keep your dissection tools strictly away from anything that comes into contact with fixatives and other harsh chemicals.
• Try setting your incubator to 35 C rather than 37, so the retina never gets too hot.
• You don't need to add growth factors like BDNF to your medium, at least we don't do it routinely, but you should use N2 supplement, 1%

horse serum, and antibiotics. We provide a list of all the things you&'ll need as a supplementary file to this documentation.

• Yes, we have used dye-conjugated dextrans or DiI and DiO. But you could use calcium-indicator dyes, or pretty much anything you can coat
onto gold or tungsten bullets.

• First of all, time. You have to cut the optic nerve, which means that the ganglion cells will eventually degenerate. This is not a problem for up
to 6 days, but after that we would not trust the retinas any more. Now, if you just want to express GFP or some other cell-filling marker, an
incubation of 2-3 days is enough, but in some cases, like when you want to express inhibitory RNAs, the effect can take 4 or more days to
show. Here, you have to keep the timeline in mind.

• In the retina field, certainly Rachel Wong's lab at Washington University. There's also a lot of work people have done in other systems, like
hippocampus slice preparation. We don't pretend to be able to give a full survey of the literature, but check out the papers in the references
list.
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