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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? N
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Dissecting microscope Nikon SMZ- 2B 
B.   Software Usage: Does your protocol include detailed descriptions of software usage? Y
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.4, 2.5, 2.11, 2.13, 2.14, 2.15, 3.8, 3.11, 3.12. 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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 using the step numbers listed in this document. 
2.4. Ensure that the section lies flat 
2.14. Tissue to be held close to the surface of the liquid nitrogen without touching the surface
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? N



A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Georgia Economides: This method can help classify neuronal subtypes and extend our understanding of the functional map of cortical circuitry.  
1.1.1. Named author states the above, looking slightly off frame, interview style.
1.2. Georgia Economides: This protocol has been optimized to preserve the ultrastructure of the neurons and obtain excellent recovery of both dendritic and axonal arbors, allowing high quality reconstructions. 
1.2.1. Named author states the above, looking slightly off frame, interview style.

Protocol: (read by voice talent at JoVE)
2. Tissue Preparation and Staining for Fluorescence Microscopy and 3D Neuronal Reconstruction
2.1. At the end of an electrophysiological recording, transfer the slice containing the recorded cell to a small dish of ACSF [1-MED].  
2.1.1. Talent at electrophysiology rig. Talent removes the slice from the ephys set up and places it in a container of ACSF. Please note that no detail is required for this shot. This is merely scene setting. 
2.2. While working in a fume hood, roll the slice onto a small piece of fine quality filter paper and place another piece of moistened filter paper onto the slice [1-CU]. Place the tissue into a small plastic pot containing 5 to 10 milliliters of fixative solution [2-CU], and store at 4 °C overnight [3-MED-over the shoulder]. 
2.2.1. The brain slice is on a paintbrush and is gently rolled off the brush onto a waiting piece of filter paper. Then another piece of paper is placed on top. 
2.2.2. Shot of the container of fixative as the tissue is placed inside and the lid is screwed on top. 
2.2.3. Talent places the container in the fridge. 
2.3. The next day, transfer the tissue from the container with fixative solution to a container with 2-milliliters of 0.1 Molar phosphate buffer, to rinse [1-MED]. Remove excess tissue by placing the slice in a petri-dish and cut away the excess tissue with a scalpel blade [2-SCOPE].
2.3.1. Talent (working in the fume cupboard hood) transfers the tissue from the container with fixative to a container with PB. 
2.3.2. Talent removes excess tissue using a scalpel blade. 
2.4. Transfer the trimmed tissue to a clean Petri dish [1-CU], ensuring that it lies flat with no folds or creases [2-SCOPE].  Remove the excess buffer using a dry paintbrush [3-ECU]. 
2.4.1. Shot of the Petri dish as the slice is deposited into the dish 
2.4.2. The slice is adjusted so that it lies flat. 
2.4.3. A drop of PB is removed with a dry paintbrush. 
2.5. Cover the tissue with warm gelatin solution [1-CU-TXT] and place the Petri dish onto a frozen block to quickly cool the solution [2-MED-over the shoulder]. 
2.5.1. Shot of the tissue as the warm gelatin is slowly poured over it. TEXT: See written protocol for details of gelatin preparation. 
2.5.2. Shot of the frozen block as the dish is placed on top. 
2.6. Then move the dish of setting gelatin to 4 °C for 30 to 60 minutes [1-MED]. 
2.6.1. Shot of the shelf in the fridge as Talent places the dish inside. 
2.7. In a fume hood, use a scalpel blade to cut out a small 1 x 1 centimeter block containing the gelatin-embedded tissue [1-CU]. Lift the block using a small spatula and carefully transfer to fresh fixative solution [2-MED]. Allow to fix for at least 30 minutes at 4 °C [3-MED-over the shoulder]. 
2.7.1. Shot focused on the dish containing the tissue and gelatin as the blade cuts out the 1 x 1 cm block. 
2.7.2. Shot focused on the dish as Talent lifts the block with a spatula and then places it into the container of fixative. 
2.7.3. Talent places the container into the fridge. 
2.8. Following this second fixation, wash the gelatin block in 5-milliliters of PB three times [1-MED-over the shoulder]. 
2.8.1. Talent working in the TC hood transfers the block from a pot containing aspirates the fixative solution to a pot with 0.1M PB, then removes the PB and adds fresh PB. , replaces it with PB and then repeats the aspirating and addition of PB action.  
2.9. After washing, dry the block using a piece of paper tissue [1-MED]. Then use a small amount of cyanoacrylate glue to stick the block, oriented with the tissue at the top, onto a vibratome chuck using superglue [2-CU]. 
2.9.1. Talent dries the block with a piece of paper tissue. 
2.9.2. A small amount of superglue is applied to the block/chuck and then the block is placed on the chuck with the tissue at the top. 
2.10. Section the slice at 50-micron thickness using a vibratome [1-MED-over the shoulder] and place each section carefully in a glass vial containing 10% sucrose [2-CU]. 
2.10.1. Talent using the vibratome to section the block (can be filmed in mock) detailed not required. 
2.10.2. Shot of the glass vial of 10% sucrose as a slice is placed into it. 
2.11. After sectioning, carefully pick up a section from the vial and place it flat into a Petri dish lid [1-MED]. Then use a fresh scalpel blade to remove the gelatin from around the section [2-SCOPE].
2.11.1. Talent sitting at the microscope with a places the plate petri dish lid on the microscope stage and transfers a section from the vial to the lid of a petri dish and picks up the scalpel blade. 
2.11.2. *film as written. 
2.12. Place the sections into a vial containing 2-milliliters of fresh 10% sucrose in PB [1-CU], and agitate for 10 minutes to begin cryoprotection process [2-MED-over the shoulder-TXT]
2.12.1. Shot focused on the labeled vial as the section is placed inside
2.12.2. Talent places the vial containing the sections onto the shaking platform and turns it on. TEXT: Cryoprotection protocol: 1 x 10 min 10% sucrose, 2 x 20 min 20% sucrose-6% glycerol, 2 x 30 min 30% sucrose-12% glycerol solution
2.13. Following cryoprotection, place the sections flat onto a small rectangle of aluminum foil using a paintbrush [1-CU]. Remove any excess liquid from the sections and carefully fold the foil into a parcel [2-MED]. 
2.13.1. A section is rolled out onto a small rectangle of tin foil. Other sections are visible on the foil. 
2.13.2. Talent removes liquid from the piece foil with a dry paintbrush and then folds the foil into a parcel. 
2.14. Hold the aluminum foil close to the surface of liquid nitrogen without touching the surface for 30 seconds [1-CU], and then allow the sections to thaw completely for approximately 30 seconds. Repeat the freeze-thaw another two times [2-MED].
2.14.1. Shot of the tin foil package close to the container of liquid nitrogen (held with long forceps). The packet moves closer to the liquid nitrogen, is held there for 30 seconds (shot to be edited for length). Critical step. 
2.14.2.  Talent holding the packet with long forceps moves it away from the liquid nitrogen, holds it in position for 30 seconds, and then returns it to the position over the liquid nitrogen. 
2.15. Remove all sections from the foil with a paintbrush [1-CU], and place them into a glass vial containing 2-milliliters of PB to wash off excess sucrose under constant agitation [2-MED-over the shoulder]. 
2.15.1. The last section is removed from the foil. 
2.15.2. Talent places the section into the vial on the shaker and turns it on. 
3. Histological Detection of Biotin-Filled Neurons
3.1. After immunostaining for fluorescence imaging, place the slide into a glass Petri dish containing PBS and carefully remove the coverslip [1-MED-TXT]. Then wash the sections off the slide using gentle pulses of PBS from a Pasteur pipette [2-CU]. Place the sections into a clean glass vial containing PBS [3-MED-over the shoulder].
3.1.1. Talent places a slide into a glass Petri dish containing PBS and removes the coverslip. TEXT: See written protocol for details of fluorescent immunostaining. 
3.1.2. *film as written. Pulses continue until all sections are removed. 
3.1.3. *film as written. 
3.2. Perform the avidin-HRP reaction by first incubating the sections in avidin-biotin complex, or ABC, [1-MED] for at least 2 hours to amplify the HRP reaction product [1-MED] [3.2.3]. 
3.2.1. Talent removes the PBS from the vial with a transfer pipette and then adds ABC from a labeled tube, caps the tube and places it on the shaker. 
3.2.2. [Added Shot]: Talent places the vial on the shaker. 
3.3. Next, wash the sections with PBS three times for 10-minutes [1-MED], and then with Tris buffer twice for 10-minutes [2-MED-over the shoulder].
3.3.1. Footage of the vial on the shaker with the sections in PBS. A labeled tube of PBS and a labeled tube of Tris buffer is visible. 
3.3.2. Talent aspirates the PBS from the vial and then adds sucks up a volume of Tris buffer, adds it to the vial and places it on the shaker (shot can be edited for length as long as the Tris buffer is seen). 
3.3.3. [Added Shot]: Talent places the vial on the shaker. (Editor: Since the VO here is short, I’m unsure of how to shoehorn in this shot. I’d suggest that it be used after 3.3.2 during “…for 10 minutes” so long as that provides you enough time to not make the cuts look too sudden)
3.4. After removing the last Tris buffer wash [1-CU], quickly add one drop of 8% nickel chloride solution to a vial of DAB solution, pipette the solution in and out to mix [2-MED-over the shoulder], then quickly add 1-milliliter of this solution over the sections [3-CU]. Incubate the sections in this solution for 15 minutes [4-MED-over the shoulder]. 
3.4.1. Shot of the bench/shaker surface as the vial, empty of solution but containing sections is placed on the bench/shaker surface.  [Shots 3.4.1 and 3.4.2 combined]
*film as written. 
3.4.2. Shot focused on the vial of sections as the DAB solution is added. 
3.4.3. Vial is closed and placed on the shaker. 
3.5. Then add 10-microliters of 1% hydrogen peroxide to the DAB solution [1-CU]. Allow the reaction to proceed in the dark under constant agitation for about 1 to 2 minutes until the cells are labelled [2-MED-over the shoulder-TXT].  
3.5.1. Shot of the vial of DAB and sections as one drop 10-microliters of hydrogen peroxide is added to the solution. 
3.5.2. Talent places a cover over the vial which is on a shaking platform and turns on the shaker. TEXT: Stop the reaction by washing with Tris buffer twice for 5 minutes.
3.6. In a fume hood, place a small circle of filter paper into a Petri-dish and dampen it with PB [1-CU]. Lift the sections one at a time from the glass vial using a paintbrush [2-MED], and carefully place them flat on the paper [3-ECU].
3.6.1. *film as written. 
3.6.2. Talent lifts a section from the vial. [Shots 3.6.2 and 3.6.3 combined]
3.6.3. A section is placed on the paper. 
3.7. Cover the sections with another moistened circle of filter paper and remove excess buffer by gently touching tissue paper to the surface [1-CU].
3.7.1. *film as written. 
3.8. Apply 8 or 9 drops of 1% osmium tetroxide in PB to the top paper, cover the dish and retain in the fume hood for at least 30 minutes, but no more than 1 hour [1-MED]. 
3.8.1. Shot of the paper as Talent drips the osmium tetroxide onto the paper and then covers it. 
3.9. After rinsing, mounting and coverslipping the sections, dehydrate through a series of 50%, 95% and 100% alcohol solutions [1-MED-over the shoulder-TXT]. 
3.9.1. Talent places a slide with coverslipped slices into a petri dish and pours 50% ethanol (in a fume hood). TEXT: See written protocol for details. 
3.10. Following the dehydration step, transfer the sections to a glass vial containing 100% ethanol on a shaker for approximately 5 minutes [1-MED]. 
3.10.1. Talent transfers the sections to a labeled vial of 100% ethanol on the shaker and then turns the shaker on. 
3.11. Replace the alcohol solution with propylene oxide, and wash three times for 5 minutes [1-MED-over the shoulder]. 
3.11.1. Talent removes the ethanol solution, adds a volume from a labeled vial of propylene oxide and then turns on the shaker. 
3.12. Following the last wash, keep around 2-milliliters of propylene oxide in the vial and add resin at a 1:1 ratio [1-CU]. Ensure that the resin is dissolved and keep the sections under constant agitation for 30 minutes [2-MED-over the shoulder].
3.12.1. Resin is added to the 2 mL of propylene oxide and the sections in the vial. 
3.12.2. Talent lifts the vial, to eye level (in the hood), agitates it to ensure that the resin is dissolved and then places it on the shaker and turns it on. 
3.13. After 30 minutes, use a wooden stick to place each section in an aluminum planchette containing epoxy resin and incubate overnight [1-CU-TXT]. 
3.13.1. The planchette containing resin is close to the vial of sections. A section is removed from the vial and placed in the planchette. TEXT: Do not leave in resin longer than 24 h to avoid the risk of damaging the sections. 
3.14. The next day, place the planchette on a hot plate for approximately 10 minutes [1-MED]. 
3.14.1. Talent places the planchette on a hot plate. 
3.15. Then pick up each section with a wooden stick and place on a clean slide [1-MED]. Once all the sections have been transferred onto the slide, view the slide under a dissecting microscope to check the orientation of the slices [2-MED-over the shoulder]. Finally, place a coverslip over the sections [3-CU] and cure in the oven for 48 hours at 56 °C [4-MED-over the shoulder].
3.15.1. Talent and picks up a section with the stick and places it onto a clean slide on the hot plate next to the planchette (other sections are already on the slide).
3.15.2. Talent places the slide onto the microscope stage and looks through the oculars while adjusting the focus.  
3.15.3. A coverslip is placed over the sections on the slide. 
3.15.4. Talent places the slide on a tray into the oven and closes the door. 
4. 3D Neuronal Reconstructions 
4.1. Use a low-magnification objective to focus on the Home section containing the cell body [1-MED/MED-over the shoulder]. Then, use a x100 objective [1-MED-over the shoulder], focus on the cell body and click in the center to mark the reference point [2-SCREEN]. 
4.1.1. BROLL of Talent working at the microscope. Please include footage of Talent selecting the low magnification and then high magnification objective to cover this shot. 
4.1.2. SCREEN CAPTURE: The cell body comes into focus on the screen and then the mouse pointer clicks in the center. 
4.2. To trace the soma in 3D using 100X objective [1-BROLL], select Contour from the Trace tab and select the Cell Body contour [2-SCREEN]. Use the joystick to move the focus to the very top of the cell body [3-MED-over the shoulder]. [2-SCREEN]
4.2.1. (Editor: This shot appears to have never been added to the shotlist. I’m unsure if anything was filmed here, but if not, use 4.2.2 for the entire VO for 4.2) 
4.2.2. SCREEN CAPTURE: The actions described in the narration are performed on screen in the order described. 
4.2.3. Talent uses the joystick to focus on the top of the cell body. 
4.3. Place the points by clicking around the perimeter of the part that is currently in focus. Right-click and select Close Contour to finish this first outline. Repeat this process at different z positions until the bottom of the cell body is reached [1-SCREEN].  
4.3.1. SCREEN CAPTURE: The actions described in the narration are performed on screen in the order described. 
4.4. To trace the dendritic arbor, select Dendrite or Apical Dendrite in the Neuron menu [1-SCREEN]. First trace a short, initial segment for each dendrite using the joystick and the mouse scroll wheel [2-MED] to adjust the diameter of the cursor to match the diameter of the dendrite [3-SCREEN].
4.4.1. SCREEN CAPTURE: The actions described in the narration are performed on screen in the order described. 
4.4.2. [Added Shot]: Talent’s hands move the joystick and then the mouse scroll wheel.
4.4.3. [Added Shot]: SCREEN CAPTURE: The diameter of the cursor changes and the tracing continues. 

4.5. Trace along each dendrite [4.5.1]. When a node in the tree is reached, right-click and select Bifurcating Node or Trifurcating Node from the drop-down menu [1-SCREEN]. 
4.5.1. Talent’s hands move the joystick and then the mouse scroll wheel. 
4.5.2. [bookmark: _GoBack]SCREEN CAPTURE: The diameter of the cursor changes and the tracing continues.  Nodes are added as the tracing continues along the dendrites. 
4.6. To identify matching points between the dendrites in a section that matches the completed section, click on the Move tab and select Match points. Select the number of points needed to be matched and then press OK. Click on the ending of a completed branch and then click on the branch. Repeat this for each match point [1-SCREEN]. 
4.6.1. SCREEN CAPTURE: The actions described in the narration are performed on screen in the order described. Three or more points are selected. TEXT: Repeat this process at 100X magnification to ensure accurate matching. 
4.7. Once all the dendrites of each section have been traced, trace the axon using the same process by selecting Axon from the Neuron menu [1-SCREEN]. 
4.7.1. SCREEN CAPTURE: The actions described in the narration are performed on screen in the order described. 
5. Results: Reconstruction of a Basket Cell Recorded and Filled in the Hippocampal CA2 Region and Morphometry Analyses
5.1. Shown here is a reconstruction of a CA2 basket cell with restricted dendritic and axonal arbor using a drawing tube. The dendrites are in black, and the axon is in red [1-LM]. 
5.1.1. LAB MEDIA: 58592_Mercer_Figure1Aa
5.2. This is an example image of the biocytin-filled basket cell following the avidin-HRP protocol described here [1-LM]. 
5.2.1. LAB MEDIA: 58592_Mercer_Figure1Ab
5.3. Shown here is a video of a 3D neuronal reconstruction of the CA2 basket cell. Dendrites are in dark pink and axon in white [1-LM].
5.3.1. LAB MEDIA: 58592_Mercer_Video 1
5.4. Lastly, this image shows a dendrogram of the CA2 basket cell [1-LM]. 
5.4.1. LAB MEDIA: 58592_Mercer_Figure 5B. 

6. Conclusion (said by authors on camera)
Author did not want to include a conclusion statement. Jo   

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.  

3.5 – 58592_Mercer_Figure 1Ab.tif
4 – 58592_Mercer_Video 1.mp4 

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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