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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__YES_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _Stereomicroscope Olympus SZX10 or Leica S6D

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO___ 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. 
2.3.1 Under a stereomicroscope, trim out the region of interest from the slice.

3.2.3 Under a stereomicroscope, cover the holding carrier with another carrier.

4.3. Insertion of frozen carrier-sandwiches into double replica table and 

insertion of the table into the freeze fracture unit.

5. Fracturing and replication.

6.2.1 Mount replica on formvar-coated 100-line parallel bar grid.

6.3 Offline, find corresponding regions on replica using landmarks.

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.) _____

5.4.1. Replicate the exposed surfaces of the fractured tissue by evaporation of carbon…

6.2.1 Mount replica on formvar-coated 100-line parallel bar grid.

E.  Will the filming need to take place in multiple locations? (Y/N) _YES__ If yes, how far apart are the locations? Approximately 50 meters. The TEM is in a different building just in front of our one.
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 goal of this procedure, which combines optogenetics with the freeze-fracture replica immunolabeling technique, is to analyze the density of ionotropic glutamate receptors at synapses in the mouse amygdala with identified pre- and post-synaptic elements.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Francesco Ferraguti: The high reproducibility and versatility of the FRIL technique, when combined with optogenetics, offers a very powerful approach for the correlated analysis of the structural and functional properties of synapses.
1.2. [combined with 1.1] Francesco Ferraguti: The main advantages of this procedure are the planar view of the pre- and post-synaptic elements and the quantitative analysis of proteins in these specialized microdomains.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Sabine Schönherr: The FRIL technique can be adapted to a variety of different tissues to study the distribution and organization of integral membrane proteins.
1.4. Anna Seewald: Generally, this combined optogenetic-FRIL approach is challenging for beginners because of the large range of different apparatus and machines required.
1.5. Yu Kasugai: Visual demonstration of this method is critical as some of the steps are difficult to learn, such as fracturing and replicating frozen specimens.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Procedures involving animals have been approved by the Regierungspraesidium Tübingen, State of Baden-Württemberg, Germany, and by the Austrian Animal Experimentation Ethics Board, and were in accordance with the EU directive on the use of animals in research.  Stereotactic injections of the viral construct rAAV-hSyn-ChR2(H134R)-eYFP were carried out according to a previously published protocol. – This is a JoVE article, please refer to this as text card before the recorded procedures. 
Protocol (read by voice talent at JoVE):

2. Specimen preparation
2.1. To begin this procedure, glue a coronal block of mouse brain onto the holder of the vibroslicer [2.1.1-MED-over the shoulder].  Orient the tissue block so that the neocortex faces the vibrating blade [2.1.2-CU].
2.1.1. *Film as written
2.1.2. *Film as written
2.2. Next, slice the coronal sections containing the amygdala at a thickness of 140 μm in 0.1 M ice-cold PB [2.2.1-CU-TXT], and collect them in a 6 well-dish in the same buffer [2.2.2-CU]
2.2.1. CU the tissue block as it is sliced to generate 140 μm sections. Text: PB: phosphate buffer
2.2.2. CU a section as it is transferred to a 6 well-dish which has a few slices in it.

2.3. Under a stereomicroscope, trim out the region of interest from the slices in a Petri dish coated with silicone elastomer and filled with 0.1 M PB [2.3.1-SCOPE].  Then, transfer the trimmed block into the cryoprotection solution and keep overnight at 6 ºC [2.3.3-MED-over the shoulder-TXT].
2.3.0. (filming through the scope) shows a low magnification of a section and a zoom-in to the area to be trimmed.
2.3.1. A SCOPE movie to show that the region of interest is trimmed out from the slice.

2.3.2. [added] A SCOPE movie shows the trimmed block close to the holding carrier.

2.3.3. Talent transfers the trimmed blocks into the cryoprotection solution.  Text: Cryoprotection solution: 30% glycerol in 0.1 M PB
3. High pressure freezing 

3.1. In this step, prepare the copper carriers for use in the successive stages of the FRIL procedure by polishing them with a sheet of chamois skin as a tarnish remover [3.1.1-MED-over the shoulder-TXT]. Under the microscope, attach a ring of double-sided tape to the copper carrier, which will serve as the holding well for the trimmed block [3.1.2-SCOPE].
3.1.1. Talent polishes 1-2 copper carriers with a sheet of chamois skin. Text: FRIL: freeze-fracture replica immunolabeling
3.1.2. A SCOPE movie to show the described procedure above

3.2. Then, place the trimmed block in the hole of the double-sided tape using a platinum wire loop [3.2.1-SCOPE].  Remove excess cryoprotectant solution using a filter paper or a brush [3.2.2-SCOPE].  Afterward, cover the holding carrier with another carrier, so that the tissue block is sandwiched between the two carriers [3.2.3-SCOPE].  
3.2.1. A SCOPE movie to show the described procedure above

3.2.2. A SCOPE movie to show the described procedure above

3.2.3. [combined with 3.2.2] A SCOPE movie to show the described procedure above

3.3. To freeze the specimen, insert the carrier-sandwich into the specimen holder [3.3.1-MED-over the shoulder]. Subsequently, insert the specimen holder into the high pressure freezing unit [3.3.2-MED-over the shoulder]. [3.3.3-MED-over the shoulder].

3.3.1. *Film as written
3.3.2. *Film as written
3.3.3. [moved and combined with 3.4.1] *Film as written

3.4. Initiate the freezing cycle by pressing the “Jet-Auto” button, remove the specimen holder immediately [3.4.1-CU MED-over the shoulder], and submerge the tip into an insulated box with liquid nitrogen [3.4.2-CU].
3.4.1. *Film as written
3.4.2. CU the tip as it is submerged into an insulated box with liquid nitrogen
3.5. Then, carefully remove the carrier-sandwich from the specimen holder [3.5.1-MED-over the shoulder] and place it in a pre-chilled cryovial [3.5.2-MED-over the shoulder].  Store the cryovials containing the carriers in a cryotank until replication [3.5.2-MED].
3.5.1. *Film as written
3.5.2. *Film as written
3.5.3. Talent places the cryovials containing the carriers in a cryotank
4. Preparation of the electron beam gun
4.1. Before inserting the electron beam gun, remove the shield with the “deflector plate” [4.1.1-MED-over the shoulder].  Place the “setting gauge” for centering the filament into the collet chuck through the lower cathode cover [4.1.2-CU].  Next, slide the new filament over the gauge until “the pressure laminae” clamp the ends of the filament [4.1.3-CU].
4.1.1. *Film as written
4.1.2. CU the “setting gauge” as it is placed for centering the filament into the collet chuck through the lower cathode cover

4.1.3. CU the new filament as it is slid over the gauge until “the pressure laminae” clamp the ends

4.2. Then, remove the setting gauge and insert the carbon rod [4.2.1-CU].  Fix it by tightening the collet chuck of the evaporator rod holder, ensuring that the height of the end of the rod is at the middle of the second coil from the bottom [4.2.2-CU]. 
4.2.1. *Film as written
4.2.2. CU the evaporator rod holder as the collet chuck is tightened

4.3. After that, replace the deflector plate [4.3.1-MED-over the shoulder] and insert the electron beam gun into the freeze fracture unit [4.3.2-CU].

4.3.1. *Film as written
4.3.2. *Film as written
5. Freeze-fracture and replication

5.1. In this procedure, adjust the current and voltage for evaporation [5.1.1-MED-over the shoulder-TXT].  Next, insert the frozen carrier-sandwich into the double replica table in liquid nitrogen [5.1.2-MED-over the shoulder].   Then, transfer the double replica table to a Dewar vessel and fix it to the specimen stage receiver at an angle of 45° [5.1.3-CU-TXT].  

5.1.1. Talent adjusts the current and voltage on the LCD screen of the freeze fracture unit. Text: See the accompanying manuscript for parameters

5.1.2. *Film as written
5.1.3. CU the double replica table as it is fixed to the specimen stage receiver at an angle of 45°.  Text: Liquid nitrogen level should always be above the double replica table
5.2. Pick up the double replica table with the table manipulator [5.2.1-MED-over the shoulder]. Insert it into the freeze fracture unit onto the cold stage and wait approximately 20 min to allow the temperature of the double replica table to adjust to -115 °C [5.2.3-CU WIDE].
5.2.1. *Film as written
5.2.2. this step has been omitted

5.2.3. CU the double replica table as it is inserted into the freeze fracture unit onto the cold stage

5.3. Afterward, fracture the tissue by rotating the wheel counter clockwise manually, which is connected to the shroud above the double replica table [5.3.1-MED-over the shoulder].  When the shroud turns, it forces the double replica table to open, which results in fracturing the tissue [5.3.2-CU].
5.3.1. Talent fractures the tissue by rotating the wheel counter clockwise manually

5.3.2. *Film as written
5.3.3. [added] CU of the fractured faces

5.4. To replicate the exposed surfaces of the fractured tissue by carbon evaporation, press “High tension” [5.4.1-MED-over the shoulder].  Next, position an electron beam gun at a 90° angle to the carbon of 5 nm thickness [5.4.2-CU].

5.4.1. *Film as written

5.4.2. *Film as written

5.5. (now 5.4.) [5.5.1-CU].  A layer of carbon from a 90° angle is applied to the fractured faces [5.4.1-CU].
5.5.1. (now 5.4.1) *Film as written
5.5.2. *Film as written

5.6. (now 5.5.) Subsequently, remove the replicated specimens from the double replica table [5.5.1-MED] and transfer them to a ceramic 12-well plate filled with TBS [5.5.2-MED-TXT].  Using a platinum loop wire rod, remove the replicated tissue from the specimen carrier [5.5.3-CU/SCOPE].

5.6.1. (now 5.5.1) *Film as written

5.6.2. (now 5.5.2) Talent places the replicated specimens in a ceramic 12-well plate filled with TBS. Text: TBS: Tris buffered saline, pH 7.4
5.6.3. (now 5.5.3) *Film as written
5.7. (now 5.6.) For SDS-digestion, transfer a replica to a 4 mL glass vial filled with 1 mL of SDS-digestion buffer [5.7.1-MED-over the shoulder-TXT].  Allow it to digest for 18 hours at 80 °C with shaking [5.7.2-CU].
5.7.1. (now 5.6.1) *Film as written.  Text: SDS-digestion buffer: 2.5% Sodium Lauryl Sulfate, 20% sucrose in 15 mM Tris, pH 8.3
5.7.2. (now 5.6.2) CU the replica as it is being digested on a shaker

6. Immunolabeling and analysis
6.1. For immunolabeling, wash the replica for 10 min in fresh SDS-digestion buffer [6.1.1-MED-over the shoulder].  Then, incubate it with primary and secondary antibodies diluted in 2% BSA-TBS in a humid chamber at 15 °C for 24-72 hours [6.1.2-MED-TXT].  
6.1.1. Talent washes the replica in fresh SDS-digestion buffer
6.1.2. Talent places the replica in the humid chamber for incubation. Text: Incubate in 30 µL drop 

6.2. After that, mount the replica on a formvar-coated 100-line parallel bar grid [6.2.1-ECU].   Image the replica with a transmission electron microscope at 80 or 100 kV [6.2.2-MED].  Then, acquire the digital images through a CCD camera [6.2.3-LM-TXT].

6.2.1. ECU the replica as it is mounted on a formvar-coated 100-line parallel bar grid

6.2.2. Talent places the replica under the microscope

6.2.3. To be submitted by authors. LAB-MEDIA: A digital image of the replica.  Text: CCD: charged coupled device
6.3. When it is offline, find the corresponding regions on the image from the replica using different landmarks [6.3.1-LM].
6.3.1. LAB_MEDIA: Schoenherr_JoVE_Fig 4.tif (left panel) Please use LAB-MEDIA: 53853_Ferraguti_Corresponding replica low mag.mp4 (SCREEN)
7. Results: AMPA-Rs and NMDA-Rs immunolabeling at identified PIN/MGn-ITC synapses 
7.1. Four weeks after AAV injection to express channelrhodopsin-2 in the posterior thalamic nuclear group, channelrhodopsin-2 is effectively transported anterogradely along the thalamic axons to reach the amygdala intercalated cell masses [7.1.1-LM-TXT].  The postsynaptic specialization of glutamatergic synapses can be recognized in a replica as a cluster of intramembrane particles on the E-face of the plasma membrane, and is often accompanied by the P-face of its presynaptic element [7.1.2-LM].
7.1.1. 53853_Ferraguti_Figure6A_PSD and ChR2-labeled terminal.tif: Show the image without the dotted square. Text: AAV: adeno-associated virus
7.1.2. 53853_Ferraguti_Figure6A_PSD and ChR2-labeled terminal.tif: Add the dotted square
7.2. Here, channelrhodopsin-2 and glutamate receptors were visualized using gold particles of different sizes conjugated to the secondary antibodies [7.2.1-LM]. 
7.2.1. 53853_Ferraguti_Figure 6C_gold particles.tif: Show the image. Text: 15nm for Channelrhodopsin-2; 5nm for the glutamate receptors
7.3. Because of the lack of structural or molecular tools to detect on the same replica whether the postsynaptic membrane belonged to the intercalated neurons, the corresponding replica was labeled for µ-opioid receptors, a marker for these neurons [7.3.1-LM].

7.3.1. 53853_Ferraguti_Figure 5C-F_ Corresponding replica high mag.tif: Show images
7.4. As an example of the quantitative analysis of glutamate receptor density at these synapses, here are the scatterplots of the number of gold particles for AMPA receptors versus the synaptic area on spines and dendrites, which reveal a positive correlation in both structures [7.4.1-LM]. 
7.4.1. 53853_Ferraguti_Figure 6E_scatterplots.tif: Show images
8. Conclusion (said by authors on camera)

8.1. Sabine Schönherr: While attempting this procedure, it’s important to remember that the individual steps are highly interdependent. Therefore, a mistake in one of the steps can jeopardize the whole procedure.
8.2. [combined with 8.1] Sabine Schönherr: Don't forget that working with liquid nitrogen can be dangerous and precautions such as wearing appropriate goggles and gloves should always be taken while performing this procedure.
8.3. Anna Seewald: Viewing large portion of plasma membrane specializations on the two-dimensional surface of the replica allows the inspection of the spatial distribution and physical contiguity of molecules of interest without laborious and time-consuming reconstruction of serial ultrathin sections.

8.4. Francesco Ferraguti: This approach can be used by other investigators to gain insights into structure-function relationships of specific synapses in neural circuits where disentangling the origin of the inputs and the nature of the postsynaptic elements are crucial but problematic.

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.  

6.3 LAB MEDIA: 53853_Ferraguti_digital image.tif

6.4 LAB MEDIA: 53853_Ferraguti_Corresponding replica low mag.tif
7.1.1. LAB MEDIA: 53853_Ferraguti_Figure6A_PSD and ChR2-labeled terminal.tif
7.2.1. LAB MEDIA: 53853_Ferraguti_Figure 6C_gold particles.tif

7.3.1. LAB MEDIA: 53853_Ferraguti_Figure 5C-F_ Corresponding replica high mag..tif

7.4.1. LAB MEDIA: 53853_Ferraguti_Figure 6E_scatterplots.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 are included in the email accompanying the finalized script.

( 2013, Journal of Visualized Experiments


