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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: __For surgery, Leica ZOOM 2000,

For recording, Nikon SMZ-1___________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____N___ 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 number. __2.4, 2.5, 2.6, 2.7, 3.3, 3.4, 3.5_____________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.____2.7__________________

E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? ___
1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to introduce the process of unfolding rodent hippocampus and placing the flat tissue preparation onto the penetrating microelectrode array (Text overlay: PMEA: penetrating microelectrode array) for recording. (Intro)
This is accomplished by first isolating a mouse hippocampus from half of its brain. (P1)
LAB_MEDIA: 52601_Durand_Jove schematic review-01.tif (P1 as indicated below).  Animation: Show the brain on the first left upper row, then the second left pink “hippocampus”, followed by two scissors and 2 blue dotted lines.
The second step is to unfold the curved structure of the hippocampus with custom-made tools. (P2)
LAB_MEDIA: 52601_Durand_Jove schematic review-01.tif (P2 as indicated below).  Animation: Show the third left cartoon on the upper row (labeled “sulcus”), then add the “glass needle” (text and cartoon) in the same cartoon. Next, show the forth left cartoon on the upper row (with the text “wire loop”), then add the “glass tool” (text and cartoon). Subsequently, show the fifth left cartoon on the upper row (the pink flat hippocampus).     
Next, the unfolded hippocampus is transferred to the recording chamber and placed onto the recording array. (P3)
LAB_MEDIA: 52601_Durand_Jove schematic review-01.tif (P3 as indicated below).  Animation: Show the grey square on the bottom row (labeled “array”), then add the “pink flat hippocampus” and the orange arrow.  Next, add the brown rectangle photo image 
The final step is to remove the unfolded hippocampus from the array after the experiment. (P4)
LAB_MEDIA: 52601_Durand_Jove schematic review-01.tif (P4 as indicated below).  Animation: Continue with P3 brown rectangle photo image, add the blue arrow and the “pink flat hippocampus” to indicate removal from the array **no need to show the other grey square array**. 
Ultimately, individual normalization mapping method is used in data analysis to show the neural activity propagation recorded by the penetrating microelectrode array. (P5)
LAB_MEDIA: 52601_Durand_Jove schematic review-01.tif (P5 as indicated below).  Animation: Show the heat map at the right on the bottom row.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Mingming Zhang:  The main advantage of this technique over existing methods, such as hippocampus slicing with voltage sensitive dyes or flat array, is that it provides us the feasibility to monitor hippocampus in a 2-D plane with improved signal-to-noise ratio.   

1.2. Mingming Zhang:  Generally, individuals new to this method will struggle because of the challenging procedures of unfolding the hippocampus and placing the tissue onto the penetrating microelectrode array without damaging the tissue or the array.

Protocol (read by voice talent at JoVE):

2. Surgical procedure for the intact hippocampus preparation
2.1. To begin this procedure, place the mouse head in ice-cold oxygenated sucrose aCSF (Text overlay: Refer to the accompanying manuscript for composition).  Use a pair of fine scissors to remove the skin of the skull.  Next, cut the skull along the midline and the two ends near the temporal lobe.  
2.1.1. MED-over the shoulder:  Talent places a mouse head in ice-cold oxygenated sucrose aCSF.  Text overlay: Refer to the accompanying manuscript for composition.
2.1.2. CU:  The mouse head as the skin of the skull is removed. 
2.1.3. [combined with 2.1.2] CU:  The skull as it is cut along midline and the two ends near the temporal lobe. 
2.2. Then, peel the cut skull towards the sides of the head in order to expose the brain.  Carefully remove the brain from the skull with a spatula.  After that, place the brain on an ice-cold surgical stage covered with wet filter paper.  
2.2.1. CU:  The head as the cut skull is peeled towards the sides to expose the brain.

2.2.2. CU:  The brain as it is removed with a spatula.

2.2.3. MED-over the shoulder:  Talent places the brain on an ice-cold surgical stage covered with wet filter paper.  
2.3. Remove the cerebellum with an ice-chilled blade.  Subsequently, separate the two hemispheres by cutting the midline of the brain.  Then, place the two separated hemispheres into a beaker filled with ice-cold sucrose aCSF bubbled with 95% O2/ 5% CO2. 
2.3.1. CU:  The brain as cerebellum is removed.
2.3.2. CU:  The brain as the two hemispheres are separated.

2.3.3. CU:  The beaker as the two hemispheres are placed into it. 
2.4. Transfer one hemisphere to the ice-cold stage covered with filter paper.  Place regular paper towels or filter papers around the brain to absorb the extra solution.  Afterward, use two fire-polished glass pipettes to separate the cortex from the central part of the brain in order to expose the hippocampus.  
2.4.1. MED-over the shoulder:  Talent places one hemisphere on the ice-cold stage.

2.4.2. CU:  The brain as regular paper towels or filter papers are placed around it to absorb the extra solution.

2.4.3. CU:  The brain as the cortex is separated from the central part of the brain in order to expose the hippocampus.

2.4.3b [added] to illustrate important detail
2.5. Next, apply two to three drops of ice-cold sucrose aCSF on the tissue and remove extra solution.  Cut the connections with the cortex at the two ends of hippocampus.  Then, dissect the hippocampus out of the brain with the fire polished glass tools. 
2.5.1. CU:  The brain as a few drops of ice-cold sucrose aCSF is applied on the tissue.

2.5.2. CU:  The brain as the connections with cortex at the two ends of hippocampus are cut.

2.5.3. CU:  The brain as the hippocampus is dissected out.
2.6. Subsequently, separate the whole hippocampus with its alveus side facing up and the hippocampal sulcus facing down.  Quickly drop two to three drops of ice-cold sucrose aCSF on the tissue again, and remove the extra solution around it.  Then, use the fire polished glass tool to turn the whole hippocampus over to expose the sulcus. 
2.6.1. CU SCOPE:  The hippocampus as it is separated with its alveus side facing up and the hippocampal sulcus facing down.
2.6.2. MED-over the shoulder:  Talent drops a few drops of ice-cold sucrose aCSF on the tissue.  

2.6.3. CU:  The tissue as extra solution is removed.

2.6.4. CU:  The hippocampus as it is turned over to expose the sulcus.   
2.7. Use an ice-cold blade to trim the septal and temporal ends of the hippocampus if necessary.  Under a normal optical microscope, insert a custom-made glass needle into one end of the sulcus, and cut the fiber connections from the dentate gyrus to the subiculum or the CA1 field along the direction of sulcus.  Then, insert a custom-made metal wire loop into the cut sulcus and pull the dentate gyrus away from the tissue while holding the subiculum/CA1 by a fire polished glass tool.
Switch order of 2.7.1 and 2.7.2
2.7.1. SCOPE:  A microscope movie to show that a custom made glass needle is inserted into one end of the sulcus to cut the fiber connections from dentate gyrus to subiculum or the CA1 field along the direction of sulcus. 
2.7.1b [added] to allow for work through issue resolution
2.7.2. SCOPE:  A microscope movie to show that an ice-cold blade is used to trim the septal and temporal ends of the hippocampus. 

2.7.3. SCOPE:  A microscope movie to show that a custom-made metal wire loop is inserted into the cut sulcus and the dentate gyrus is pulled away from the tissue while the subiculum/CA1 end is being held by a fire polished glass tool. 
2.8. Afterward, apply another two to three drops of ice-cold sucrose aCSF onto the tissue and remove the extra solution around it.  Then, trim the edges of the unfolded hippocampus with an ice-cold blade.  Transfer the preparation to the recovering chamber filled with normal aCSF and bubbled with 95% O2/ 5% CO2 at room temperature for 1 hour before transferring it to the recording chamber.  
2.8.1. MED-over the shoulder:  Talent applies two to three drops of ice-cold sucrose aCSF onto the tissue and removes the extra solution.

2.8.2. CU SCOPE:  The unfolded hippocampus as its edges are trimmed. Possibly mis-slated as 2.8.1
2.8.3. MED-over the shoulder:  Talent places the preparation in the recovering chamber. Take 3 shot from birds eye perspective
3. Record the unfolded hippocampus on PMEA 

3.1. In this procedure, fill one bottle with normal aCSF and another bottle with 4-AP aCSF.  Bubble the solutions with 95% O2/ 5% CO2 from the beginning of the experiments.  Use a tri-valve connector to control which solution will be selected during an experiment. 
3.1.1. MED-over the shoulder: Talent places two labeled bottles (one is normal aCSF, the other is 4-AP aCSF) on the bench.

3.1.2. CU:  The solutions as they are bubbled with 95% O2/ 5% CO2.
3.1.3. MED-over the shoulder: Talent adjusts the tri-valve connector.

3.2. Next, connect a vacuum tube to the outlet of the chamber to remove the solution into a dust container.  Heat the pipeline before delivering the solution into the recording chamber and keep it at 35 °C controlled temperature.  

3.2.1. MED-over the shoulder: Talent connects a vacuum tube to the outlet of the chamber.

3.2.2. MED:  Talent turns on the heater and adjusts the temperature to 35 °C.  
3.3. After closing the inlet and outlet of the recording chamber, use a custom-made glass pipette dropper to transfer the unfolded hippocampus to the recording chamber.  Under the microscope, position the unfolded hippocampus with its alveus side facing down, CA3 area pointing away, and CA1 field pointing towards the researcher. 
3.3.1A
[added] Removing hippocampus from chamber

3.3.1. MED-over the shoulder: Talent transfers the unfolded hippocampus to the recording chamber.
3.3.2. SCOPE:  A microscope movie to show that the unfolded hippocampus is positioned with its alveus side facing down, CA3 area pointing away, and CA1 field pointing towards the researcher  Audio slated as 3.3.1
3.4. Carefully suck away the solution in the chamber using a vacuum pipette from the edge of the recording chamber until the chamber is dried and the tissue lies on the array.  Then, carefully place a custom-made tissue anchor on top of the tissue to hold the unfolded hippocampus onto the array.  
3.4.1. SCOPE:  A microscope movie to show that the solution in the chamber is sucked away by a vacuum pipette from the edge of the recording chamber until the chamber is dried and the tissue lies on the array.

3.4.2. SCOPE:  A microscope movie to show that a custom-made tissue anchor is placed on top of the tissue to hold the unfolded hippocampus onto the array.  
3.5. Refill the recording chamber with a few drops of solution.  Gradually open the inlet and outlet to adjust the flow rate to about two drops per second in the IV drip chamber. 

3.5.1. CU:  The recording chamber as it is refilled with a few drops of solution.

3.5.2. MED-over the shoulder: Talent gradually opens the inlet and outlet to adjust the flow rate to about two drops per second in the IV drip chamber. A shows flow, B opening inlet
3.6. Incubate the tissue in the recording chamber with normal aCSF for about 1 min, then switch the solution supply to 4-AP dissolved aCSF and adjust the flow rate properly.  Incubate the tissue in 4-AP dissolved aCSF for about 5 to 10 min before recording.
3.6.1. MED-over the shoulder: Talent switches the solution supply to 4-AP dissolved aCSF.

3.6.2. SCOPE/ B - CU:  The tissue as it is incubated in4-AP dissolved aCSF.  
3.7. To remove the tissue from the PMEA, control the tissue anchor by a micromanipulator and gradually lift the anchor from the recording chamber.  Shut down both the inlet and outlet in order to stop the flow in the recording chamber. 
3.7.1. MED-over the shoulder: SCOPE/ B – microadjuster Talent controls the tissue anchor by a micromanipulator and gradually lifts the tissue anchor from the recording chamber.

3.7.2. MED-over the shoulder: Talent shuts down the inlet and outlet. 
3.8. Use a small paint brush to lift the corner of the tissue.  If the tissue is not floating in the solution, employ the vacuum tube to dry the chamber carefully with the tissue still sitting on the array.  Then, carefully open the inlet to gradually refill the chamber and shut down the inlet to stop the flow when the recording chamber is full.  Use the small paint brush to lift the corner of the tissue again. 
3.8.1. CU:  The tissue as a small paint brush is used to lift its corner. During the filming, after 3.8.1, the tissue already detached, so the other steps weren’t filmed
3.8.2. CU:  The chamber with the tissue still sitting on the array as it is dried by the vacuum tube.

3.8.3. MED-over the shoulder: Talent opens the inlet to refill the chamber and shuts down the inlet to stop the flow when the recording chamber is full.

3.8.4. MED-over the shoulder: Talent uses the small paint brush to lift the corners of the tissue.    

3.9. If the tissue is floating in the solution, use the vacuum tube to suck the tissue away.  Open the flow at the inlet and the vacuum at the outlet.  Wash the system with distilled water and dry it out.
3.9.1. CU:  The tissue as it is sucked away by the vacuum tube.

3.9.2. MED-over the shoulder: Talent opens the flow at the inlet and the vacuum at the outlet.

3.9.3. MED-over the shoulder: Talent washes the system with distilled water.  
4. Results: Data recorded by the PMEA from an unfolded hippocampus
4.1. (Video editor, zoom in left panel) This is an example of the spontaneous activity induced by 100 µM 4-AP aCSF recorded from one of the microelectrodes located in the basal dendritic region with a signal-to-noise ratio of 34.9 dB. (Video editor, zoom in right panel) And here are the enlarged activities in the red rectangle.  
4.1.1. LAB MEDIA: 52601_Durand_Figure5A.tif
4.2. This is the raw data from another microelectrode located closer to the somata with a signal-to-noise ratio of 27.2 dB.  
4.2.1. LAB MEDIA: 52601_Durand_Figure5B.tif
4.3. Shown here is another example of recording obtained from an electrode positioned within the somatic layer.  In this example, the signal-to-noise ratio is 18.53 dB. 
4.3.1. LAB MEDIA: 52601_Durand_Figure5C.tif
4.4. And here is the baseline noise recorded from a microelectrode.  The baseline usually has a peak to peak value from 150 to 200 µV and the impedance of a single electrode is around 1 to 2 MΩ.
4.4.1. LAB MEDIA: 52601_Durand_Figure5E.tif
4.5. This video shows the neural propagation recorded with the array and then processed using individual normalization method in data analysis.  The whole propagation across the entire tissue lasts about 100 ms.

4.5.1. LAB MEDIA: 52601_Durand_Video1.mp4
5. Conclusion (said by authors on camera)

5.1. Mingming Zhang:  Following this procedure, other methods like neuroimaging for the hippocampus in-vitro can be performed in order to answer additional questions like movement of neural foci.

5.2. Mingming Zhang:  After watching this video, you should have a good understanding of how to unfold the hippocampus and place the flat preparation onto the array.

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.
5.1- 52601_Durand_Figure5A_left.tif

5.1- 52601_Durand_Figure5A_right.tif

5.1- 52601_Durand_Figure5A.tif
5.1- 52601_Durand_Figure5B.tif

5.1- 52601_Durand_Figure5C.tif
5.1- 52601_Durand_Figure5D.tif
5.1- 52601_Durand_Figure5E.tif
5.2- 52601_Durand_Video1.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, as well as an introduction to your videographer, closer to your filming date.

( 2013, Journal of Visualized Experiments


