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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____Y_____ If yes, please list make and model of your microscope: Zeiss Stemi 2000-C and specify the steps by number/short description: all steps except 3.1 and 3.2
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: section 4

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  removing all the non-vasculature tissue. A combination of steps from section 4

1. Introduction (Schematic Overview and Interview)

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

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to isolate the retinal vascular network. (Intro) This is accomplished by first performing a series of water washes on the isolated retina. (P1) In the second step, the retina is digested in trypsin at 37°C for about 1-1.5 hours depending on the size of the retina. (P2) Next, the vasculature is isolated via additional water washes and dissection under a microscope. (P3) Ultimately, pathologic vascular changes, such as microaneurysms, capillary degeneration, and abnormal endothelial cell to pericyte ratio can be visualized. (P4)
From 50489_Fawzi_Figure 1 schematic.tif

(P1) If possible, move 24 well plate image (do not need lid of plate)  onto “shaker” image and have 24 well plate shake gently back and forth on shaker 
(P2) If possible, have 24 well plate move from shaker into incubator (okay to keep 3% trypsin and 37°C text)
(P3) If possible, with “next .. water washers” have the plate move from the incubator back onto the shaker where it shakes briefly, then with “and .. microscope” have plate move from shaker to microscope stage
(P4) Show 50489_Fawzi_Figure234.tif

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

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Jonathan Chou: The main advantage of this technique over existing methods, like preparing retinal whole flat-mounts, is that the entire vascular network can be highlighted in great clarity.   

1.2. Stuart: Generally, individuals new to this method will struggle because_it is technically challenging and is difficult to perform consistently. Visual demonstration of this method is critical as the vascular isolation_steps are difficult to learn, by words alone.

1.3. Amani Fawzi: This method can help answer key questions in _ophthalmology, such as _providing detail about the vascular changes in diabetic retinopathy. Demonstrating the procedure will be _Jonathan Chou, a _medical student from my laboratory. 
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Retinal Preparation
2.1. After fixing the enucleated mouse eye in 10% neutral buffered formalin for 24 hours, place the eye in a petri dish and cover it with a small amount of water. Begin the dissection by using a pair of dissection to carefully make an initial cut in the cornea. 
2.1.1. WIDE: Talent brings retina to/places retina on microscope dissection stage
2.1.1.a CLOSE: talent adding water to petri dish.
2.1.2. SCOPE: Few seconds of dissection scissors making initial cut in cornea
2.2. Then, while holding the cut area with straight forceps, use a pair of scissors to cut along the border of the cornea and the sclera, removing the cornea.
2.2.1. SCOPE: Shot of cut area being held by forceps, then scissors cutting along border of cornea and sclera, then cornea being removed 
2.3. Next, use fine curved and straight forceps to slowly and carefully peel the sclera and choroid away from the retina towards the optic nerve. Then remove the lens and any excess iris and debris from the retina.
2.3.1. SCOPE: ~10 s of sclera and choroid being pulled away from retina toward optic nerve (TEXT: Caution: Work slowly to avoid large retinal tears).
2.3.2. SCOPE: Few seconds of lens and iris/debris being removed from retina
3. Water Washes and Trypsin Digest
3.1. To help separate the neural retinal layers from the blood vessels, add approximately 500 (l of 45 (m filtered water to a 24 well plate, and place the retina in a well. Then shake gently for 4-5 hours at room temperature, changing the water every 30 to 60 minutes. 
3.1.2.  MED: Talent adds water to well (no retina in well yet)

3.1.1. WIDE: Talent transfers retina to 24 well plate
3.1.2. MED: Talent adding water to well with retina 
3.1.2a Talent places 24 well plate on shaker

3.1.3. CU: Last few seconds of water being removed, then first few seconds of water being added back (TEXT: H2O wash: ~4-5 hr, H2O change: every 30-60 min, RT)

3.2. Continue to wash the retina in water overnight with gentle shaking at room temperature. The following day, remove the water and add 3% trypsin. Check under a microscope to ensure that no debris is found in the well to avoid having the vasculature adhere to it. Then incubate the tissue at 37°C with gentle or no shaking for 1-1.5 hours.
3.2.1. CU: Shot of plate gently shaking (TEXT: H2O wash: O/N, gentle shaking, RT) (shot will be used again)
3.2.2. MED: Talent removes water, then adds trypsin [TEXT: Digest: 3% trypsin in 0.1M Tris buffer (pH 7.8), 1.5 hr, 37°C]
3.2.2a SCOPE: check under scope for debris [TEXT: ensure well is debris-free prior to incubation]

3.2.3. MED: Talent places plate at 37°C (TEXT: Rapid shaking damages vasculature. Exact incubation time will vary depending on size of retinal tissue.)
3.3. When the tissue begins to show signs of disintegration, place the plate on the microscope stage, and then, avoiding the retina, carefully remove the trypsin.
3.3.1. MED: Talent places plate onto microscope stage
3.3.2. SCOPE: Few seconds of trypsin being removed (TEXT: Save trypsin in separate well for later use)
4. Separating the Vasculature 
4.1. To separate the vasculature, first add filtered water to the retina. Then, attempt to peel off the internal limiting membrane with forceps. Shake the plate with mild agitation. 
4.1.3.  SCOPE: Talent adds water to plate (this shot moves before 4.1.1.)
4.1.1. WIDE: Few seconds of Talent at microscope, trying to remove membrane
4.1.2. SCOPE: Few seconds of internal  limiting membrane being peeled with forceps [TEXT: TIP - if internal limiting membrane does not easily come off, use scissors to separate it from the retina]
4.1.3. Scope: Talent adds water to plate 
4.1.4. MED: Talent places plate onto shaker
4.2. After 5 minutes, place the plate on the microscope stage again and carefully replace the water, avoiding damage to the retina.
4.2.1. MED: Talent places plate onto microscope stage
4.2.2. SCOPE: Shot of water being removed from well and added to the well.
4.3. To help free the network of vessels from the adherent retinal tissue, wash the retina as just demonstrated until there is little to no debris remaining in the water after the last wash. 
4.3.1. Use 3.2.1. plate gently shaking on shaker (TEXT: H2O, 5 min, x4-5) 
4.3.2. SCOPE Shot of well with retina with little to no debris
4.4. [Spoken by Talent, interview style (looking just off camera)]: “Removing all of the non-vasculature tissue is the trickiest part of the procedure. The following techniques can be used in sequence or individually to facilitate isolation of the vascular network. One important tip is to dip all tools in trypsin before manipulating the retina. This can help avoid the tissue from adhering to the equipment ”
4.4.1. MED: Talent speaking the above, interview style (TEXT: TIP – coat ALL tools in trypsin before using)
4.5. Coat a 200 (l micropipette tip with the reserved trypsin, and then carefully pipette water up and down adjacent to and blowing towards the retinal vessels, causing gentle agitation.
4.5.1. CU: Few seconds of micropipette tip being coated in trypsin
4.5.2. SCOPE: ~8-10 s of water being pipetted up and down next to and then toward retinal vessels

4.6. If the non-vascular tissue is still attached, use nail polish to attach a small, fine piece of human hair to the end of a probe. 
4.6.1. SCOPE: Shot of retina with non-vascular tissue attached
4.6.2. MED: Shot of Talent adding nail polish to end of probe
4.6.3. CU: Shot of hair being attached to probe/nail polish
4.7. Dip the hair in the reserved trypsin to coat it, and then use the hair to carefully dissect the vessels from the non-vascular tissue.
4.7.1. ECU: Shot of hair being dipped into trypsin
4.7.2. SCOPE: Few seconds of hair dissecting vessels from non-vascular tissue
4.8. If the non-vascular tissue is still resistant, center a trypsin-coated micropipette tip at the optic nerve and carefully pipette the entire vessel network up and down to help break down the non-vascular tissue. 
4.8.1. SCOPE: Shot of pipette tip centered at optic nerve (TEXT: TIP - Keep tip edge away from edge of network to avoid it sticking to the vasculature), then network being carefully pipetted up and down 
4.9. Finally, fine forceps can be used to gently lift the vasculature out of the water to dislodge any adherent non-vascular components.
4.9.1. SCOPE: Shot of vasculature being lifted out of water (TEXT: If vasculature does not separate, trypsinize tissue at 37C for 5-10 minutes, then repeat dissection steps, as necessary)
4.9.1a SCOPE: fade out of 4.9.1. and fade into 4.9.2. of debris-free vasculature [Video Editor: The authors added this shot and this comment. There is no 4.9.2 listed in the pre-shoot shotlist, nor in the version that they returned post-shoot. But, per this comment, 4.9.2 may exist.]
5. Visualizing the vasculature
5.1. To visualize the vasculature, first place a drop of water onto a clean slide. Then transfer the digested vessels into the water. 
5.1.1. WIDE: Talent drops water onto clean slide
5.1.2. MED: Talent transfers vessels into water
5.2. Under a scope, check if the vascular flat-mount is folded or unfolded. Folded vessels lead to poor visibility when stained. If the tissue is folded, add additional water and gently shake the slide to facilitate unfolding. 
5.2.1. SCOPE: Shot of folded vascular network 
5.2.2. LAB MEDIA: 50489_Fawzi_Figure 7.tif [Video Editor: If it looks good, show this as an inset to 5.2.1 to accompany the second sentence.]
5.2.1a SCOPE: add water to unfold, 5.2.1a comes after 5.2.2.
5.2.3. MED: Talent adds water to unfold vasculature and then gently shakes slide (TEXT: Water surface tension helps unfold now diaphanous vascular network) [Video Editor: This occurs at same time as 5.2.1a, so they can be shown in either order, or one can be inset into the other, or shown split-screen]
5.3. Then use a micropipette to slowly remove any excess water.
5.3.1. CU: Shot of excess water being slowly removed (TEXT: Dry and then stain vasculature for microscopic visualization) Video Editor: This occurs at same time as 5.3.2, so they can be shown in either order, or one can be inset into the other, or shown split-screen]
5.3.2. SCOPE: Shot of excess water being removed. 
6. Results: Representative Retinal Vasculature Images
6.1. The final product of a successful procedure is a flat-mount of the entire network of the mouse retinal vasculature, with the architecture maintained and stained with Hematoxylin & Eosin, as shown here.
6.1.1. LAB MEDIA: 50489_Fawzi_Figure234.tif
6.2. As seen in this image, a clear differentiation between the endothelial cells and the pericytes can be observed. In the retina, the nuclei of the endothelial cells, as indicated by the white arrow, are oval or elongated and lie entirely within the vessel wall. The pericyte nuclei, as indicated by the black arrow, are small, spherical, stain densely, and generally have a protuberant position along the capillary wall. 

6.2.1. LAB MEDIA: 50489_Fawzi_Figure3.tif (Video Editor: with “as indicated by the white arrows” please highlight the white arrow; with “as indicated by the black arrow” please highlight the black arrow)
6.3. Trypsin digest is a common procedure used to analyze vascular pathology in diabetic animal models. This image shows an example of capillary degeneration, as indicated by the white arrows, and as observed in a db/db (Pronounce: D-B-D-B) mouse, a model for type II diabetes. 
6.3.1. LAB MEDIA: 50489_Fawzi_Figure4.tif (Video Editor: with “as indicated by the white arrows” please highlight the white arrow)
6.4. Although this procedure has been optimized for mouse retinas, similar results can also been obtained in rat retinas. It is important to note that rat retinas, as shown in these images, are large than mouse retinas, and require 12-, rather than 24-well plates. The vasculature network of the rat retina is also less fragile than its mouse counterpart. 
6.4.1. LAB MEDIA: 50489_Fawzi_Figure5.tif
6.5. It is extremely crucial to remove as much of the non-vascular tissue as possible. Any remnants will lead to non-specific staining and lead to poor visualization of the vasculature. In this image, for example, an unsuccessful removal of the entire non-vascular tissue can be observed.
6.5.1. LAB MEDIA: 50489_Fawzi_Figure6.tif
6.6. Likewise, it is also important to have the retina be unfolded when mounting, so as to improve the visualization of the vasculature. This image shows an unsuccessful unfolding of the vascular flat-mount.
6.6.1. LAB MEDIA: 50489_Fawzi_Figure7.tif
INSTRUCTIONS FOR AUTHORS:

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/index/Details.stp?ID=1597
7. Conclusion (said by authors on camera)

Authors: 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. You may revise the given prompts if necessary to better fit your protocol.
7.1. Stuart Rollins: After mastering this technically difficult procedure, trypsin digest can be an extremely valuable method that allows a detailed visualization of the entire vascular network.  
7.2. Amani Fawzi: By improving this technique in the mouse eye, one can take advantage of mouse genetics manipulated to study the various pathways that control the retinal vasculature and hence allow the pathophysiology of various retinal diseases. 
7.3. Jonathan Chou: As a result, we can improve our understanding of disease pathologies such as diabetic retinopathy by studying mice models like the db/db mouse. This can ultimately allow the opportunity to find new potential therapeutic interventions targeting the retinal vasculature.
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, 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.  

1.A - 50489_Fawzi_Figure 1 schematic.tif – schematic overview

6.2 - 50489_Fawzi_Figure 234.tif

6.3 - 50489_Fawzi_Figure 3.tif

6.4 - 50489_Fawzi_Figure 4.tif

6.5 - 50489_Fawzi_Figure 5.tif

6.6 - 50489_Fawzi_Figure 6.tif

6.7 - 50489_Fawzi_Figure 7.tif

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, as well as an introduction to your videographer, closer to your filming date.
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