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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_Y__  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope:  Leica S6E
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 2.2.2, 3.4, 3.5, 3.7 4.2, and 4.3. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) 3.9 and 4.5. 

E.  Will the filming need to take place in multiple locations? (Y/N) __Y___ If yes, how far apart are the locations? 1st and 3rd floors in the same building.
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 experiment is to develop a new approach to analyze membrane proteins at retinal ribbon synapses quantitatively.  

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

1.1. Jeff Diamond: This method can help answer key questions in the retinal neurobiology field, such as the precise location of proteins at ganglion cell synapses.

1.2. Jun Zhang: The main advantage of this technique is that it can estimate the number, density and variability of multiple proteins at retinal ribbon synapses. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Jun Zhang: Demonstrating the procedure of Freeze-substitution and ultra-sectioning will be Drs. Ron Petralia and Ya-Xian Wang from the NIDCD Advanced Imaging Core.

1.3.1. Interview style: Author saying the above 

1.3.2. 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)

1.9. Procedures involving animal subjects have been approved by NIH Animal Care and Use Committee Guidelines at NIH. 
Protocol (read by voice talent at JoVE):

2. Retinal tissue fixation
2.1. To begin this procedure, dissect an eyeball under the microscope [2.1.1-MED].  To do so, first remove the cornea [2.1.2-SCOPE].  Then, remove the lens and vitreous from the inner retinal surface with forceps [2.1.3-SCOPE].

2.1.1.  Talent looking at the eyeball through the eyepieces of the microscope

2.1.2. A SCOPE movie to show the procedure as described
2.1.3. A SCOPE movie to show the procedure as described
2.2. Afterward, peel the sclera until the retina is isolated from the eyecup [2.2.1-SCOPE].  Cut the retina immediately into 100–200 μm-thick strips with a razor [2.2.2-CU].

2.2.1. A SCOPE movie to show the procedure as described
2.2.2. CU the retina as it is cut into 100–200 μm-thick strips

2.3. Subsequently, fix the retina strips in 4% paraformaldehyde in 0.1 M PB [2.3.1-MED-over the shoulder-TXT], and then in 4% paraformaldehyde plus 0.01% glutaraldehyde at room temperature [2.3.2-MED-over the shoulder-TXT]. 
2.3.1. Talent fixes the retina strips in 4% paraformaldehyde in 0.1 M PB. Text: PB: phosphate buffer; pH 6 for 20–30 minutes
2.3.2. Talent transfers the retina strips to 4% paraformaldehyde plus 0.01% glutaraldehyde.  Text:  pH 10.5 for 10–20 minutes
2.4. After several washes in PB with 0.15 mM CaCl2 [2.4.1-CU-TXT], cryoprotect the retinal strips with glycerol in 0.1 M PB prior to freeze substitution [2.4.2-CU-TXT].

2.4.1. CU the retina strips as they are washed in PB. Text: pH 7.4 at 4°C
2.4.2. CU the retina strips as they are cryoprotected with glycerol.  Text: Refer to the accompanying manuscript for details

3. Freeze-substitution 

3.1. Prior to placing the frozen tissue into the flat-embedding holders, cut a thin circle from a clear plastic sheet [3.1.1-MED-over the shoulder] and place it on the bottom of each holder to allow easier removal of the polymerized specimen blocks when finished [3.1.2-CU]. 

3.1.1. *Film as written
3.1.2. CU the thin plastic circle as it is placed on the bottom of the holder 

3.2. Now, set the automatic sequence in the AFS [3.2.1-MED-over the shoulder-TXT].  Fill the AFS with liquid nitrogen [3.2.2-MED], and place the flat-embedding holders in the AFS [3.2.3-MED-over the shoulder].  Fill them with 1.5% uranyl acetate in methanol and pre-cool them [3.2.4-MED-over the shoulder].
3.2.1. *Film as written. Text: AFS: Automatic freeze-substitution instrument; Refer to the accompanying manuscript for setting details

3.2.2. *Film as written
3.2.3. *Film as written
3.2.4. Talent cools the flat-embedding holders with 1.5% uranyl acetate in methanol
3.3. To plunge-freeze the retinal strips in liquid propane at -184°C, use a fine brush to place the samples on small pieces of double-stick tape attached to the metal stubs on the end of the plunging rods [3.3.1-MED-over the shoulder].  After that, wick off extra buffer using the brush [3.3.2-CU].
3.3.1. *Film as written
3.3.2. *Film as written
3.4. Plunge the rods into the liquid propane for about 5 seconds [3.4.1-CU].  Then, transfer them to the AFS using a small transport chamber that is filled with liquid nitrogen [3.4.2-MED].  

3.4.1. CU the rods as they are plunged into the liquid propane

3.4.2. *Film as written
3.5. Next, cool the instruments in the chamber for several minutes before touching the tissue [3.5.1-CU].  Place the tips of the instruments into the liquid nitrogen for a few seconds [3.5.2-MED-over the shoulder].

3.5.1. CU the instruments as they are cooled in the chamber

3.5.2. Talent places the tips of the instruments into the small transport chamber filled with liquid nitrogen
3.6. After that, remove the sample and tape from the stub using a fine scalpel [3.6.1-MED-over the shoulder]. [3.6.2.-CU]. 
3.6.1. *Film as written
3.6.2. CU the nitrogen gas flow control as it is opened 

3.7. Next, place two pieces of frozen sections in each of the seven wells in the flat-embedding aluminum holder with 1.5% uranyl acetate in methanol [3.7.1-MED-over the shoulder].  Keep them at -90°C for at least 32 hours in the AFS [3.7.2-CU].  

3.7.1. *Film as written

3.7.2. CU the holder as it is placed in the AFS 

3.8. Then, increase the temperature stepwise to -45°C in the automatic sequence [3.8.1-MED-over the shoulder-TXT].  After that, wash the samples three times in precooled methanol [3.8.2-MED-over the shoulder]. 
3.8.1. Talent sets the temperature. Text: +4°C per hour
3.8.2. Talent uses a fine-tipped plastic pipette to remove the old solution from each flat-embedding holder, and then using another standard plastic pipette to add the precooled fresh methanol
3.9. Next, infiltrate the samples progressively with low temperature embedding resins as an embedding medium [3.9.1-MED-over the shoulder-TXT].  On the next day, change the resin again [3.9.2.-MED-over the shoulder] and adjust the level of the resin to reach the top edge of the wells [3.9.3-CU]. 
3.9.1. *Film as written.  Text: Refer to the accompanying manuscript for details
3.9.2. *Film as written
3.9.3. CU the resin as its level is adjusted to reach the top edge of the wells

3.10. Set up the UV light on the AFS and polymerize the samples with UV light in the AFS until the end of the automatic sequence [3.10.1-CU-TXT].  Then, remove the samples from the AFS [3.10.2-MED].  

3.10.1. CU the AFS as the UV light is being set up. Text: -45°C to 0°C in automatic sequence; +5°C per hour
3.10.2. *Film as written
3.11. Typically, sample blocks still show some pinkness in color [3.11.1-CU].  Place the samples close to the fluorescent light in the chemical fume hood at room temperature overnight [3.11.2-MED-over the shoulder] or until they appear completely clear [3.11.3-CU]
3.11.1. CU the sample blocks as they show pinkness

3.11.2. *Film as written
3.11.3. CU the sample blocks as they turn clear

4. Postembedding EM immunogold immunocytochemistry 
4.1. In this step, cut 70 nm thick ultrathin sections with an ultramicrotome [4.1.1-MED-over the shoulder] and collect them on the Formvar-carbon-coated nickel grids [4.1.2-CU]. 
4.1.1. Talent places the sections in the ultramicrotome
4.1.2. CU the Formvar-carbon-coated nickel grids as the sections are collected
4.2. Wash the grids in distilled H2O once, followed by three washes of TBS [4.2.1-MED-over the shoulder-TXT].  Then, incubate the grids in 20 μl of 5% BSA in TBS for 30 minutes [4.2.2-CU], and then in 20 μl of a mixture containing goat anti-CTB and an antibody to one NMDAR subunit overnight at room temperature [4.2.3-CU-TXT]. 
4.2.1. Talent washes the grids with TBS. Text: Tris-buffered saline: 0.05 M Tris buffer, 0.7% NaCl, pH 7.6
4.2.2. CU the grids as they are incubated in 20 μl of 5% BSA in TBS
4.2.3. CU the grids as they are incubated in 20 μl of a mixture containing goat anti-CTB and an antibody to one NMDAR subunit. Text: Refer to the accompanying manuscript for details
4.3. After that, wash the grids 3 times with 20 μl of TBS each time at pH 7.6 [4.3.1-MED-TXT].  Subsequently, wash the grids once with TBS at pH 8.2 for 5 minutes [4.3.2-MED].  Incubate the grids for 2 hours with 20 μl of a mixture containing donkey anti-rabbit IgG coupled to 10 nm gold particles and donkey anti-goat IgG coupled to 18 nm gold particles [4.3.3-CU-TXT].

4.3.1. Talent washes the grids with TBS once. Text: Wash for 10, 10, and 20 minutes 

4.3.2. *Film as written
4.3.3. *Film as written.  Text: Refer to the accompanying manuscript for details
4.4. After 2 hours, wash the grids in 20 μl of TBS at pH 7.6 for 3 times [4.4.1-MED-over the shoulder-TXT], followed by a wash in the ultrapure water [4.4.2-MED-over the shoulder], and then air dry the grids [4.4.3-CU]. 
4.4.1. Talent washes the grids with TBS once.  Text: Wash for 5, 5, and 10 minutes
4.4.2. *Film as written
4.4.3. CU the grids as they are air dried.

4.5. Subsequently, counterstain the grids with 5% uranyl acetate in distilled H2O for 8 minutes [4.5.1-MED-over the shoulder], followed by 0.3% lead citrate in distilled H2O for 5 minutes in the dark [4.5.2-CU].
4.5.1. Talent places the grids in 5% uranyl acetate for counterstaining

4.5.2. CU the grids as they are placed in 0.3% lead citrate

4.6. For triple-labeling experiments, incubate the grids overnight at room temperature with 20 μl of a mixture of anti-goat CTB, anti-mouse PSD-95, and anti-rabbit GluN2A [4.6.1-MED-over the shoulder].  Then, incubate the grids for 2 hours with 20 μl of a mixture of IgGs coupled to 18, 10, and 5 nm gold particles [4.6.2-CU-TXT].  
4.6.1. Talent stains the grids with a mixture of anti-goat CTB, anti-mouse PSD-95, and anti-rabbit GluN2A 

4.6.2. CU the grids as they are incubated with 20 μl of a mixture of IgGs coupled to gold particles. Text: Refer to the accompanying manuscript or details

5. Quantification
Authors, please keep the screen movies in this section short and precise, and limit each screen movie to no longer than 20 seconds. Thank you.
5.1. In this section, measure the length of the PSD of individual RGC dendrites with ImageJ software [5.1.1-SCREEN-TXT].  Then, count the gold particles within 10 nm of the membrane based on an average thickness of 7–9 nm for the plasma membrane [5.1.2-SCREEN]. 

5.1.1. To be submitted by authors. SCREEN movie to show the procedure as described. Text: RGC: retinal ganglion cells
5.1.2. To be submitted by authors. SCREEN movie to show the gold particles within 10 nm of the membrane 

5.2. Calculate the particle density as the number of gold particles per linear micrometer [5.2.1-SCREEN].  Then, measure the distance between the center of each gold particle and the middle of the PSD for synaptic location [5.2.2-SCREEN] or the edge of the PSD for extrasynaptic location [5.2.3-SCREEN].

5.2.1. To be submitted by authors. SCREEN movie to show the calculation.
5.2.2. To be submitted by authors. SCREEN movie to show the procedure as described.
5.2.3. To be submitted by authors. SCREEN movie to show the procedure as described.
6. Results:  Immunogold labeling showing synaptic and perisynaptic localization of glutamate receptors at RGC dendrites labeled by CTB
6.1. This image shows the double immunogold labeling of GluA2/3 and CTB [6.1.1-LM-TXT]. This is the presynaptic ribbon [6.1.2-LM] and the small gold particles are clustered in the PSD of the RGC processes [6.1.3-LM]. 
6.1.1. Fig 1.tif: Show A. Text: GluA2/3 (10 nm gold) and CTB (18 nm gold)
6.1.2. Fig 1.tif: Add arrowhead in A

6.1.3. Fig 1.tif: Add arrow in A

6.2. This image shows the double immunogold labeling of GluN2B and CTB [6.2.1-LM-TXT].  The small gold particles are on the extrasynaptic plasma membrane [6.2.2-LM]. 
6.2.1. Fig 1.tif: Show B. Text: GluN2B (10 nm gold) and CTB (18 nm gold)
6.2.2. Fig 1.tif: Add arrow in B

6.3. And this image shows the double immunogold labeling of GluN2A and CTB [6.3.1-LM-TXT]. Similar to GluA2/3, small particles are clustered within the PSD [6.3.2-LM]. 
6.3.1. Fig 1.tif: Show C. Text: GluN2A (10 nm gold) and CTB (18 nm gold)

6.3.2. Fig 1.tif: Add arrow in C

6.4. The triple immunogold labeling of GluN2A, PSD-95 and CTB is shown here [6.4.1-LM-TXT].  GluN2A gold particles [6.4.2-LM] and PSD-95 gold particles are co-localized within the PSD on individual CTB-positive RGC dendrites [6.4.3-LM]. 

6.4.1. Fig 1.tif: Show D. Text: GluN2A (5 nm gold), PSD-95 (10 nm gold) and CTB (18 nm gold)

6.4.2. Fig 1.tif:  Add small arrows in D

6.4.3. Fig 1.tif: Add large arrow in D

7. Conclusion (said by authors on camera)

7.1. Jun Zhang: While attempting this procedure, it’s important to remember to fix the tissue very gently because some protein antigenicity, such as that of NMDA receptors, decreases markedly with strong, prolonged fixation.

7.2. Jeff Diamond: After watching this video, you should have a good understanding of how to reveal and analyze membrane proteins at retinal ribbon synapses with great precision.
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 your media filenames 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 are included in the email accompanying the finalized script.
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