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Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N__ 
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 using the step numbers listed in this document. 2.4; 3.1; 3.7; 3.8; 3.10; 3.12.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.
Brain fixation is an essential and key step in successful immunohistochemistry experiments, as an antigen that has been inappropriately fixed may contribute to produce poor quality in immunohistochemistry staining. To avoid these technical issues, concerning a successful experimental outcome, transcardial perfusion and post-fixation for at least 12 hours are required. Protocol step: 2.2.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N___
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Conceptual Narrative:
The overall goal of the following experiment is to detect changes in hippocampal ERK (pronounced erk as one word) phosphorylation following spatial learning in Engrailed-2 knockout mice as a model of neurodevelopmental disorders. (Intro)
This is achieved by first testing both wild-type and Engrailed-2 knockout mice in the Morris water maze. (P1: Use the water maze from DAM ID 4020.  Show the mouse swimming in the maze and then ending on the platform.)
As a second step, the mice’s brains are removed and slices from wild-type and knockout mice are prepared by vibratome cutting. (P2: Use DAM ID 3153 and remove the brain from the mouse, when removing the brain, remove the brain and fade away and back in to DAM ID 3674 which shows a similar brain with slices through it. Pull out the 4 slices from the brain and set them to the side like arranged in the DAM image.  When doing so, make the brain slices appear greyscale and lighten the dark features.  This is because we’ll make them stand out more in the next step.)
Next, brain slices from wild-type and knockout mice are processed for immunohistochemistry and used to detect ERK phosphorylation changes in the hippocampus. (P3: Put the slices from P2 onto glass slides such as DAM ID 3351.  With the word Detect, have the color shift from the light greyscale version, back to their original color with brown and pink. )
The results show differences in hippocampal ERK phosphorylation between wild-type and Engrailed-2 knockout mice based on light-microscopy visualization of the immunohistochemical staining. (P4: Show Figure 2c-e along with the figure legend.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. YURI BOZZI: This method allows to identify specific subsets of hippocampal neurons that are activated following a hippocampus-dependent spatial learning task, such as the Morris water maze.  

1.2. GIOVANNI PROVENZANO: We first had the idea for this method, when we decided to investigate the molecular cascades that underlie spatial learning deficits in Engrailed-2 knockout mice, a model for autism spectrum disorders.

Protocol (read by voice talent at JoVE):  
2. Preparation of Brain Sections
2.1. To begin, train mice from various backgrounds of interest in a spatial learning task such as the Morris Water Maze.  Follow the training regimen as described in the accompanying text protocol.
2.1.1. LABMEDIA: Bozzi_Video_MWM.mpg (Video Editor: Cut from the beginning if it needs to be shortened at all.)
2.2. At the end of the training period, euthanize the mice and then fix and remove their brains.    
2.2.1. MED: Talent holds up a 50 ml conical tube containing a brain. (TEXT: Store in 0.02% sodium azide at 4 °C)
2.2.1B [split shot] MED: Talent opens the tube and dumps/places it into a petri dish. 
2.3. When ready to continue with the procedure, use a scalpel to remove the cerebellum.  Then, super-glue the rest of the brain upright onto the holder plate of the vibratome.

2.3.1. CU: Talent uses a scalpel to remove the cerebellum
2.3.2. MED: Talent places glue on the holder plate and glues the brain to it.

2.4. Cut the brain into 20-40 micron thick serial sections throughout the dorsal hippocampus.  Transfer each slice into one well of a 24-well plate filled with 1 ml of 0.1 molar PBS.
2.4.1. MED Over the Shoulder: Talent mounts the holder plate on the vibratome, then cuts the brain into sections. (NOTE: we recorded the cutting of several sections; please use only one of the last scenes; the best section cut is the one just before the last part of the take, where we show a CU of the cutting parameters on the control panel. Please also use the CU of the cutting parameters on the control panel, by placing it before the scene of section cutting).
2.4.2. CU: Talent transfers slices to wells in the 24-well plate. (TEXT: Store in 0.02% sodium azide at 4 °C up to 1 year.)

3. pERK Immunohistochemistry
Point the labels towards the camera in each step.

3.1. Transfer 3 to 5 dorsal hippocampal sections for each mouse into the wells of a 24 multi-well plate containing 500 microliters of 0.1 molar PBS for each well.
3.1.1. MED: Talent transfers a few brain slices from the plate containing slices from one mouse into a new plate and then begins transferring slices from a 2nd plate into the same plate. (NOTE: please show both Brain 1 and Brain 2)
3.2. Wash the sections contained in each well with 500 microliters of 0.1 molar PBS. Perform all washes and incubations at room temperature with gentle agitation unless otherwise mentioned. 
3.2.1. CU: Talent washes the sections with PBS. 

3.2.2. MED: Talent places plate on shaker. (TEXT: 3 washes X 5 min).
3.3. Under a fume hood, incubate the sections in 40% methanol, 1% hydrogen peroxide in 0.1 molar PBS for 20 minutes in order to quench the endogenous peroxidase activity. 
3.3.1. MED: Talent removes wash buffer.

3.3.2. MED: Talent adds hydrogen peroxide to the wells and places on shaker.

3.3.3. [added] MED: Talent removes hydrogen peroxide from wells

3.4. Following 3 more washes in 0.1 molar PBS, permeabilize the sections by incubating them in 500 L of 0.2% Triton X-100 for 5 minutes.
3.4.1. MED: Talent removes PBS and adds Triton X-100 solution.

3.4.2. [combined with 3.4.1] MED: Talent places the plate on the shaker.
3.5. While the sections are incubating, prepare enough blocking buffer for the entire experiment. 
3.5.1. MED: Talent prepares blocking buffer.(TEXT: 100 µl / section: 10% goat serum & 0.2% Triton-X100 in PBS.)   

3.6. Then, remove the permeabilization solution and add 100 microliters of the blocking buffer to each well.  Incubate the sections for 1 hour.
3.6.1. [3.6.1 to 3.6.3 combined] MED/CU: Talent removes permeabilization solution

3.6.2. CU: Talent adds blocking buffer to plate.

3.6.3. MED: Talent places plate on shaker.
3.7. Next, remove the blocking buffer and cover the sections with phosphorylated extracellular-regulated kinase primary antibody diluted 1:500 in blocking buffer.  Incubate the sections overnight at 4°C with gentle agitation. 
3.7.1. [3.7.1 to 3.7.3 combined] MED/CU: Talent removes the blocking buffer

3.7.2. MED: Talent adds primary antibody to the wells.
3.7.3. MED: Talent takes plate away 

3.7.4. MED: Talent places plate at 4°C.

3.8. The next day, after washing the sections 3 times in 0.1 molar PBS for 5 minutes each, incubate the sections with a biotin conjugated secondary antibody diluted 1:250 in blocking buffer for 1 hour at room temperature.
3.8.1. MED: Talent removes wash buffer and adds secondary antibody to the plate.

3.8.2. [combined with 3.8.1] MED: Talent places plate on shaker. 
3.9. During the incubation, prepare the ABC reagent at least 30 minutes before use in order to allow enough time for the avidin and biotin complex to form.
3.9.1. MED: Talent prepares the ABC solution and sets tube in rack.

3.10. After washing the sections 3 more times with 0.1 molar PBS, add the ABC reagent and allow it to incubate with the sample for 45 minutes.

3.10.1. MED/CU: Talent adds ABC reagent and sets plate on shaker.

3.11. During the next set of 3 washes in PBS, prepare the DAB working solution in the fume hood according to the manufacturer’s specifications.
3.11.1. MED Over the Shoulder: Talent prepares DAB working solution. (TEXT: Caution: DAB is carcinogenic and teratogenic).
3.12. Aliquot the DAB working solution in the plate. Then, transfer sections into the wells containing the DAB working solution and slowly swirl the plate to allow maximum exposure of the sections to the solution.
3.12.1. CU: Talent puts DAB working solution into the plate, then places sections into the DAB working solution

3.12.2. MED: Talent swirls the plate with the sections.

3.13. Monitor the DAB reaction on a microscope until adequate signal develops in about 2 to 5 minutes. Stop the reaction at the desired color intensity by washing the tissue in 0.1 molar PBS.
3.13.1. MED: Talent transfers sections in a new plate containing PBS

3.13.2. MED: Talent places plate on the microscope and looks into the eye piece. 
3.14. After 3 more washes in PBS, mount the sections on gelatin coated slides and dry them at room temperature for at least 3 to 4 hours.
3.14.1. CU: Talent mounts a section on a gelatin coated slide.

3.14.2. [combined with 3.14.1] MED: Talent places rack of slides in hood/other to dry.

3.15. Once air dried, transfer slides in the fume hood and dehydrate the sections by sequentially placing them into graded ethanol solutions for 2 minutes each. Then, clear the slides in 100% xylenes for 5 minutes.

3.15.1. MED: Talent transfers dried sections into ethanol solutions. (TEXT: 50%, 70% and 100% EtOH)  

3.15.2. MED/CU: Talent transfers slides from 100% ethanol into xylenes. (3.15.1 and 3.15.2 combined; at the end of this take, we also added a brief take of an alarm indicating a 2 min countdown; this shot could be mounted just after each take showing the transfer of the slides in to ethanol)
3.16. Coverslip the slides using mounting medium and leave them in the fume hood overnight to dry.

3.16.1. CU: Talent adds mounting medium and adds coverslip to one of the slides.
4. Bright-Field Imaging of Neuron Activation
4.1. Transfer the slides to a bright-field microscope equipped with a camera and 20X objective lens.  

4.1.1. MED: Talent walks up to microscope with a few slides and places one onto the stage, rotates the objective into place, and looks through the optics.

4.1.2. [added] CU microscope detail on slide

4.2. Acquire multiple bright-field images from each section at 200x magnification covering the dorsal hippocampus. Image 3 to 5 sections from each animal.

4.2.1. MED Over the Shoulder: Talent moves to the computer and acquires a few images.

5. Results: pERK is a Reliable Molecular Readout of Learning Dependent Neuronal Activation  
5.1. Shown here are sections from the dorsal hippocampi regions of a wild type mouse… [5.1.1 - LM] and an engrailed 2 knockout mouse stained for phosphorylated extracellular-regulated kinase, a reliable molecular readout of learning-dependent neuronal activation. [5.1.2 - TEXT - LM] 
5.1.1. LABMEDIA Figure 2a (Video Editor: Show the left image in Figure 2a leaving room for a side by side comparison.  Create new labels for WT and En2-/- to be shown above the images so that they can hold steady through the next transition.)
5.1.2. LABMEDIA Figure 2a (Video Editor: Add the right image in Figure 2a to the right side of the screen and add the text overlay to the bottom-middle of the screen when mentioned. (TEXT: pERK: phosphorylated extracellular-regulated kinase)
5.2. Both these mice had undergone a classical hippocampal-dependent spatial learning task regimen - the Morris water maze - prior to sacrifice. [5.2.1 - LM] On the final day of testing, the engrailed 2 knockout mice displayed a significant spatial learning deficit compared to the wild type mice. [5.2.2 - LM]
5.2.1. LABMEDIA: Figure 1a-b (Video Editor: With the word “classical”, transition from the brain images to Figures 1a-b while leaving the WT and En2-/- labels.

5.2.2. LABMEDIA: Figure 1c (Video Editor: With the words “displayed” highlight the 2 “T” labeled bars on the graph.

5.3. To analyze the brain slices from the mice, the total number of positive cells were counted throughout the various regions of the hippocampus.[5.3.1 - LM]  In the CA3 (pronounced C-A-three) pyramidal layer, wild type mice had significantly more  phosphorylated ERK positive cells per area than in the knockout mice. [5.3.2 - LM]   This finding was also true in the hilus… and granule cell layer, or GCL. [5.3.3 - LM]  
5.3.1.  LABMEDIA: Figure 2a (Video Editors: Bring Figure 2a back on screen with the labels above them as before.
5.3.2.  LABMEDIA: Figure 2c (Video Editors: Highlight the CA3 box location on both Figure 2a images (you’ll have to create one for the En2-/- section) and zoom in to the CA3 region for the first second or so.  Then, fade out and show Figure 2c. Add the Figure legend found to the right of Figure 2e to the screen as well.
5.3.3.  LABMEDIA: Figure 2d-e (Video Editor: Show Figure 2d-e on screen with the figure legend.
6. Conclusion (said by authors on camera) 
6.1. Yuri Bozzi: After watching this video, you should have a good understanding of how to investigate ERK phosphorylation on brain slices from the hippocampus of both genetic or pharmacological mouse models of neurodevelopmental disorders characterized by cognitive deficits. This technique can also be used to study ERK phosphorylation changes in other brain areas, as well as following cognitive behavioral tasks different than Morris water maze.
6.2. Giovanni Provenzano: Don't forget that working with diaminobenzidine can be extremely hazardous and precautions such as wearing appropriate protections should always be taken while performing this procedure.   

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.  

Section 1 (Introduction, conceptual narrative): Bozzi_Jove2015_graphics
Section 2.1 (Protocol): Bozzi_Video_MWM.mpg
Section 5 (Results): Provenzano_JoVE_Fig2_layers.tif
Section 5 (Results): Provenzano_JoVE_Fig1_layers
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.
( 2013, Journal of Visualized Experiments


