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Title: Immunohistochemical and Calcium Imaging Methods in Wholemount Rat Retina
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, 3.5-3.11. and 5.3
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 3.5-3.11. and 5.3.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  (1) Preparing the retinal tissue as a wholemount and (2) minimizing movement by placing a metal harp securely and gently over the tissue.  
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) Two adjacent rooms. 
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to selectively label retinal ganglion cells in the whole-mount preparation via an optic nerve stump injection of a calcium indicator dye. (Intro)  This is accomplished by first injecting a very high-affinity calcium indicator dye, such as fluo-4, into the optic nerve stump. (P1)  Next, the retina is isolated from the eyecup and divided into quadrants to mount onto a glass slide. (P2)  In a recording chamber set up to mimic physiological conditions, (P3) the contributions of VGCCs to the calcium signal in retinal ganglia cells can be measured in depolarized cells using channel blockers. (P4)  Ultimately, the results can provide semi-quantitative measurements of the contribution of the VGCCs to a signal, such as a high potassium-evoked calcium signal.  (P5)
Video editor:  A schematic illustration will be provided later, as well as accompanying instructions of how to animate the illustrations.  Please contact me for these files if they are not found in the project folder.  -Steven
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Allison Sargoy: The main advantage of this technique over existing methods, such as bulk loading and electroporation, is the ability to selectively load RGCs and their axons in a wholemount preparation.   

Protocol Chapters (read by a voice talent at JoVE):

1.2. EXTRA TITLE CARD (TEXT: All experiments were carried out in accordance with the guidelines for the welfare of experimental animals issued by the U.S. Public Health Service Policy on Human Care and Use of Laboratory Animals and the University of California-Los Angeles (UCLA) Animal Research Committee.) 
2. Eyecup Preparation 

2.1. After euthanizing a 3-5 week old Sprague Daley rat, with isofluorane followed by decapitation, proceed with removing the eyes using a pair of iris scissors.
2.1.1. WID: talent setting up surgical site – positioning rat, covering rat and getting in position to remove eyes
2.1.2. CU: removing
the eyes
2.2. Store dissected rat eyes in Hibernate A, Ames Medium or similar solution.
2.2.1. CU: transferring the eyes into a dish/tube of storage solution
2.3. Now, if you intend to perform calcium imaging experiments, backfill the retinal ganglion cells with Fluo-4 (Fluo-4 is pronounced “flow-4”).  Inject 0.5 microliters of 40 mM fluo-4 pentapotassium salt reconstituted in water into the optic nerve stump approximately 1 mm posterior to the eyeball. 
2.3.1. CU: loading syringe with fluo-4
2.3.2. MED: preparing to inject the fluo4
2.3.3. ECU: inserting needle into optic nerve, show relative position of nerve on eyeball to other structures on eyeball
2.4. Transfer the eyeball to mammalian Ringer’s bubbled with 95% O2/ 5% CO2 for an hour at room temperature. Keep the preparation in the dark.  
2.4.1. MED: moving the eyeball between solutions
2.4.2. ECU: eyeball in solution bubbled with CO2 – then the solution is covered to shield it from light
2.5. Dissect the eyes under a microscope with controlled light intensity (TEXT: 1.6 x 108 photons/(m2-sec). Using a razor blade, gently make a small incision in the front of the eyeball and remove the cornea.
2.5.1. WID: talent moving to microscope with eyeball and positioning it for dissection – all required tools should be set out and ready to use
2.5.2. SCOPE: slit make incision made in eyeball, cornea removed [actual step doesn't begin until about 40 seconds in]
2.6. Then, remove the lens and vitreous from the inner retinal surface using forceps.  Hold the sclera firmly when removing the vitreous.  With the other forceps, gently peel the vitreous base toward the center of the retina.  
2.6.1. SCOPE: lens removed, followed by removal of vitreous (solution) – sclera is gripped while structure is peeled off (Please note that the vitreous forms a droplet appearance at the tip of the forceps if properly removed.  This was successfully demonstrated during the SCOPE dissection shot – Please make sure to include this in the final video).
2.7. The resulting preparation, called the eyecup, can be processed for immunohistochemical wholemount preparation, calcium imaging preparation or prepared for transverse retinal sections.
2.7.1. SCOPE: completed eye cup preparation, moved around to show all its sides [Take 2]
3. Wholemount Retina Preparation and Processing
3.1. To make an immunohistochemical wholemount preparation, first, make four cuts to the retina so it lays flat. 
3.1.1. WID: talent working on retina at microscope
3.1.2. SCOPE: making four cuts into retina and it flattens to slide – show all the details of getting it to sit nice and evenly on the slide, such as modifying a cut. [Take 3]
3.1.3. [added] Talent transfers retina to glass slide with the photoreceptor layer facing up, thus ganglion cell layer facing down. 

3.2. Second, add a drop of solution to the retina and cover it with cellulose filter paper. If needed, flatten the retina with a brush or forceps. 
3.2.1. CU: adding drop of solution to retina, then adding paper

3.2.2. ECU: patting down the preparation

3.2.3. [added] SCOPE: A scope shot was added to demonstrate how to flatten the retina onto the cellulose filter paper
Note from Videographer: From 3.3 on, if there is ever a shot where you can see the retina flapping at all, do not use it
3.3. Third, when the retina is completely flat and attached to the filter paper, place it back into the solution.

3.3.1. CU: talent peels up paper with retina

3.3.2. ECU: setting paper/retina preparation into solution
3.4. To process the preparation, first transfer it to 4% paraformaldehyde for ten to fifteen minutes.

3.4.1. WID: talent with wholemounted retinas ready, pours 4% PFA bath

3.4.2. MED: moves retinas to bath

3.5. Then, wash the retinas three times in 0.1 Molar phosphate buffer at pH 7.4, for 30 minutes per wash, for a total of 90 minutes.  (TEXT: Wash 3X)
3.5.1. MED: pours bath of 0.1 M buffer

3.5.2. CU: transfers retina prep from PFA bath to 0.1 M bath

3.6. Next, incubate the retinas in 500 µL of blocking solution overnight at 4ºC. This solution is 5% normal goat serum, or donkey serum, in phosphate buffer with 0.3% Triton and 0.1% sodium azide.

3.6.1. MED: taking an aliquot of the blocking solution 

3.6.2. CU: applying aliquot of solution to preparation

3.6.3. MED: setting preparation aside to incubate overnight

3.7. Over the next five to seven days, incubate the retinas in the primary antibody solution at 4ºC.  The make up of this solution must be arrived at empirically.

Authors, you corrected the instructions to indicate that the 1º Ab incubation is 5-7 days long.  This seems strange.  Please be sure this is correct!  If the antibody is put over just one night, then change this narrative to: “Now, incubate the retinas in the primary antibody solution at 4ºC, overnight.  The make up of this solution must be arrived at empirically.” 
3.7.1. MED: pouring out a solution and adding antibody to it
3.7.2. MED: moving retina prep from blocking solution bath to primary antibody bath – show any intervening rinses steps to remove the blocking solution, if they are performed.
3.8. Wash off the primary antibody solution just as the fixative was washed off.  

3.8.1. Reuse 4.2.1 and 4.2.2 was filmed as a new take
3.9. Then, incubate the retinas in secondary antibody, at a concentration of 1:1,000 overnight at 4ºC.
3.9.1. MED: pouring/preparing the 2º Ab solution

3.9.2. CU: transferring the prep into the 2º Ab solution bath
3.10. Remove the secondary antibody with three more washes in phosphate buffer.
3.10.1. Reuse 4.2.1 and 4.2.2 3.8
3.11. Then, mount the retinas for visualization and seal with nail polish.  These slides must be stored at 4ºC and in the dark.
3.11.1. MED: adding mount media to a slide and sealing slide with nail polish
3.11.2. WID: talent loads slide into box and then loads box into refrigerator
4. Calcium Imaging in Retinal Ganglion Cells

4.1. Begin with making a calcium imaging wholemount preparation from the eyecup in Ringer’s.  First cut the retinal tissue into quadrants. 

4.1.1. Reuse 4.1.1 A wide-shot was filmed. 
4.1.2. SCOPE: cutting retina into four sections

4.2. Place one quadrant flat on the recording chamber with the ganglion layer facing up, and thus the photoreceptor layer facing down.  

4.2.1. SCOPE: picking up one piece of retina

4.2.2. ECU/SCOPE:  positioning the retina piece onto a slide recording chamber
4.3. Carefully dry the surrounding area with a Kim Wipe … 

4.3.1. ECU: drying area around retina with wipe

4.4. … and gently place the greased harp on the tissue. 

4.4.1. ECU: shows the camera the “greased harp” and places it on the tissue

4.5. For later use, store the other pieces of retina, dark-adapted and in mammalian Ringers bubbled with 95% O2 / 5% CO2, on ice.

4.5.1. MED: moving other pieces of retina to bubbled solution, in vessel in ice bucket, 

4.5.2. ECU: the tissues in this bubbled solution on ice 

4.5.3. MED: then bubbled tissues with lid or doing other action that keeps them in the dark 

4.6. Now, load the retinal preparation on the rig  and finish setting up the eight channel gravity driven superfusion system.
4.6.1. MED: placing the retina prep into recording chamber the rig. 

4.6.2. WID: setting up the 8-channel gravity driven superfusion system

4.7. Allison Sargoy: It is important to properly mount the harp on top of the retina to avoid movement. 
4.7.1. WID: interview with Allison at bench

4.8. If the mounted retina moves after the harp is placed, carefully remove and clean the harp, dry the area surrounding the retina, and re-mount the harp.
4.8.1. CU: removing harp from slide with mounted retina
4.8.2. ECU: drying slide around retina
4.8.3. CU: adding more grease to harp
4.8.4. Reuse 5.4.1
4.9. Superfuse the recording chamber with mammalian Ringer’s solution and keep the solution bubbling continuously with 95% O2/5% CO2.
4.9.1. MED: turning on or adjusting the superfusion solution flow and the gas bubbling
4.9.2. ECU: preparation in recording chamber with solution flowing and bubbling
4.10. An ambient temperature of around 23 ºC works fine.  If needed, warm the bath to 23 ºC or to physiological temperatures by warming the stage, heating the water bath or applying warm air to the surface of the specimen.
4.10.1. CU: applying hot air to preparation or setting bath temperature or stage temperature
4.10.2. MED: talent checking temperature of the set up
4.10.3. CU: show temperature reading near/at 23 ºC
4.11. First, as a control, without drugs, perform two paired high potassium pulses, from 3 mM to 60 mM for 33 seconds.  Depolarizing the RGCs should activate the VGCCs if the preparation is working.

4.11.1. MED: applying potassium, show instruments used to instruct set up
4.11.2. CU: instruments showing the depolarization with added potassium 
4.12. Now proceed with the experiments. Nifedipine, an L-type VGCC blocker, is commonly used to assess the contribution of L-type VGCCs to the depolarization-evoked calcium signal. Cobalt, a non-specific calcium channel blocker, can be used to non-selectively block VGCCs.

4.12.1. ECU: bottle tubing of Nifedipine cobalt, showing details of label

4.12.2. CU: bottle of cobolt or cadmium solution, talent takes aliquot

4.12.3 4.12.2 MED: prepares cobalt or cadmium solution and loads it into the set up, so it can be applied to the recording chamber

4.13. Scan the prep every 5 seconds to visualize and acquire images of the fluorescent RGCs.  Use as low a laser power as possible.  Excitation should be set to 488 nm and emission should be collected with a 505 nm LP filter.

4.13.1. MED: talent with set up working, collecting images of fluorescence in the cells
4.13.2. CU: cell images, on screen, when they acquired
4.13.3. WID: talent looking over data as it is collected, checking preparation stage, then looking back over images and data – making a manipulation along the way
5. RGC Immunostaining and Electrophysiology

5.1. Using the described protocols, immunolabeling was performed against the ganglion cell protein RBPMS, which is an RNA binding protein with multiple splicing.   Fluo-4 staining was indeed limited to ganglion cells, based on the antibody specification.  (TEXT: Scale bar = 20 µm)
5.1.1. LAB MEDIA: Figure 1
5.2. Next, the contribution of the VGCCs to the calcium signal in the RGCs was studied using the fluorescent intensity values acquired from the RGCs. (TEXT: Scale bar = 50 µm)
5.2.1. LAB MEDIA: Figure 2
5.3. At baseline levels, RGCs and RGC axons can be seen labeled with fluo-4.  In order to acquire fluorescent intensity values, ROIs were placed on the ganglion cell somata and/or axons. (TEXT: Scale bar = 20 µm)
5.3.1. LAB MEDIA: Fig 3A 
5.4. After applying High-K+ to the wholemount preparation, the fluorescent signal of the RGCs increased.  This was followed by a subsequent reduction in fluorescence intensity values in the presence of cobalt during the second High-K+ pulse. (TEXT: Scale bar = 20 µm)
5.4.1. LAB MEDIA: Fig 3B
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion Interview (spoken by you on camera)

Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
6.1. Author name ________: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.

6.2. Author name ________: While attempting this procedure, it’s important to remember to ___________.

6.3. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

6.4. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

6.5. Allison Sargoy:  After watching this video, you should have a good understanding of how to selectively label RGCs with a synthetic calcium indicator dye in a wholemount preparation.  (restate overall goal of the procedure mention specific steps).

6.6. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.  

List of Provided Media Filenames and Descriptions (fill this in)

In this space, 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 .tif files at dimensions of at least 720X480 pixels and 300 dpi.  Higher  resolutions are better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

6.1: 51396_Luis Perez de Sevilla_Figure1.tif  (Replace 0123 with your jove video #)

6.2: 51396_Luis Perez de Sevilla_Figure2.tif.
6.3: 51396_Luis Perez de Sevilla_Figure 3A.tif.

6.4: 51396_Luis Perez de Sevilla_Figure 3B.tif.
6.5: 51396_Luis Perez de Sevilla_Video 1.avi. (EXAMPLE OF A CALCIUM IMAGING EXPERIMENT)
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.

( 2014, Journal of Visualized Experiments


