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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? For the dissection no (but see note below). For in vitro electrophysiology yes.
Note: magnification is not normally required for the dissection procedure but we could arrange to do it under a stereoscope to better visualize certain steps during the filming.
Can you record movies/images using your own microscope camera? For the dissection, we do not have our own microscope camera to record the procedure.
For electrophysiology procedures (LFP and patch recordings), we use video microscopy but the software on the setup does not allow us to record movies. We will follow the procedure to install the software for screen capture videos.
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: For the dissection we would use either an Olympus SZX7 or an Olympus SZ2-STS. A camera port connected through one of the oculars would work.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? No. 

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. Steps: 2.5; 2.6; 4.1; 4.2; 4.9; 4.10
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. (Please do not list entire sections.) 
While the extraction of the septohippocampal preparation (steps 2.5-2.6 in particular) and the successful patch-clamp recording of individual cells in the isolated hippocampus (steps 4.2 and 5.1) are the most difficult aspects presented in this protocol, there is no doubt that this difficulty can be overcome with practice and experience.

E.  Will the filming need to take place in multiple locations? If yes, how far apart are the locations? Yes, multiple locations. We will use two rooms (1 for dissection and 1 for electrophysiology) which are on the same floor approximately 20 m apart.
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 protocol is to present procedures for extracting the whole hippocampal preparation and exploring the generation of rhythmic neuronal network using field, unitary and patch clamp recordings as well as optogenetic stimulation.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. FM: This method can help answer key questions in the neuroscience field of learning and memory by greatly facilitating the study of cellular and synaptic mechanisms underlying rhythmic oscillations in the hippocampus. 
1.2. FM: The main advantage of this technique is that it uses an optimized preparation to investigate the circuits involved in theta oscillations, which play a crucial role in hippocampal-dependent memory formation.
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 the Institutional Animal Care and Use Committee (IACUC) at McGill University.
Protocol: (read by voice talent at JoVE)
2. Isolating the hippocampus
2.1. To begin this procedure, place the brain onto the dissection dish in an upright position [1-MED-over the shoulder].  Remove the cerebellum with a razor blade [2-CU]. Then, cut the brain in half along the midsagittal plane and return the two isolated hemispheres to the holding chamber [3-CU]. 
2.1.1. *Film as written

2.1.2. CU the brain as the cerebellum is removed and the two hemispheres are separated Note that steps 2.1.2 and 2.1.3 were filmed in one single shot
2.1.3. CU the two isolated hemispheres as they are transferred to the holding chamber
2.2. Next, place the single hemisected brain upright onto the dissection dish [1-MED-over the shoulder]. Rotate the dish until the midsagittal structures facing the experimenter and the embedded outline of the septal complex is visible as a thin pear-shaped layer of tissue anterior to the thalamus [2-SCOPE].

2.2.1. *Film as written

2.2.2. Show that the dish is rotated until the midsagittal structures facing the experimenter and the embedded outline of the septal complex is visible as a thin pear-shaped layer of tissue anterior to the thalamus Note that the best take of this shot was the last one done with the scope (where we can clearly see the triangular shape of the septum structure)
Note that steps 2.3 to 2.7 were all filmed in ONE SINGLE SHOT and using the SCOPE. This helped to keep the flow of dissection steps running and matching with the narration which Vito DeFilippo was reading from the script list. I believe the best take for this long shot was the last one recorded by Vito. Note that the last step from this take (step 2.7 isolation of ventral hippocampus) was slightly less good than the rest since I had trouble getting the position of the spatula right underneath the structure.
2.3. Then, insert the coated spatula beneath the septum and move the tip down until the dissection dish is reached [1-SCOPE]. Sever the fibers that connect the septal area caudally [2-SCOPE]. Now, repeat the same operation along the anterior edge of the septum and cut the fibers that connect to the frontal part of the brain [3-SCOPE]. 

2.3.1. Show the procedure described
2.3.2. Show the procedure described

2.3.3. Show the procedure described
2.4. With the spatula lightly holding the inner part of the cortex just above the hippocampus in an upright position, use the microspatula to carefully pull down the thalamic, hypothalamic and the remaining brain stem nuclei [1- SCOPE]. Subsequently, use the spatula to cut off and remove the pulled away tissue [2- SCOPE].

2.4.1. *Film as written Note that for step 2.4, we did both CU and SCOPE takes and that although it would OK to use the CU shots, I think the SCOPE ones were better.
2.4.2. *Film as written
2.5. Afterward, insert the coated spatula in the lateral ventricle, underneath the rostral end of the dorsal hippocampus [1-SCOPE]. Hold the spatula horizontally aligned with the midsagittal plane of the hemi-sected brain and slide it through the smooth contour of the ventricular walls until the tip emerges caudally [2-SCOPE].
2.5.1. Show the procedure described

2.5.2. Show the procedure described

2.6. Hold the spatula beneath the hippocampus and lightly press it onto the connecting fibers, along the inside layer where the hippocampus joins with the overlying cortex [1-SCOPE]. Then, apply the microspatula on the external side of this layer and press it against the coated spatula to slice through the connecting fibers [2-SCOPE].

2.6.1. Show the procedure described

2.6.2. Show the procedure described
2.7. To complete the extraction, rotate the dissection dish and insert the coated spatula beneath the ventral hippocampus [1-SCOPE]. Lightly hold the hippocampus with the spatula and cut through the entorhinal connections using a slicing motion against the microspatula [2-SCOPE].
2.7.1. Show the procedure described As mentioned earlier, during the last and best take of this long shot including steps 2.3 – 2.7, this step (2.7 isolation of ventral hippocampus) was a bit too long as I had trouble getting the position of the spatula right underneath the structure. It would be best to shorten this step a little bit by editing the video (cutting 10-15 sec). I would be happy to edit the video myself if this can help.
2.7.2. Show the procedure described
2.8. Once isolation is complete, keep the hippocampus resting on the dish and add a drop of ice-cold sucrose solution to keep it cool [1-MED-over the shoulder]. Carefully trim off any remaining cortex and fibers, and separate the hippocampus from the septum by gently applying a razor blade through the fornix [2-CU]. After that, transfer the preparation to room temperature sucrose solution and let it recover for 15-30 min before transferring to the recording chamber [3-MED-TXT].
2.8.1. Talent adds a drop of ice-cold sucrose solution to the hippocampus on the dish
2.8.2. CU the sample as the remaining cortex and fibers are trimmed off, and the hippocampus is separated from the septum
2.8.3. *Film as written. Text: 15-30 min, RT
3. Set up the fast perfusion for recording the isolated hippocampus 

3.1. In this step, set up the gravity-fed perfusion system [1-MED-over the shoulder] to enable continuous high-speed inflow of oxygenated aCSF [2-CU-TXT].
3.1.1. Talent turns on the perfusion system
3.1.2. CU the high-speed inflow of oxygenated aCSF. Text: 20-25 mL/min
3.2. Next, stop aCSF flow and transfer the hippocampus to the recording chamber using the wide end of a glass pipette [1-MED-over the shoulder]. Allow the sucrose-saturated preparation to sink and settle at the bottom [2-CU].
3.2.1. *Film as written Steps 3.2.1 to 3.3.2 were all filmed in one single shot (CU). There were a few attempts to take this shot but the last one was probably the best. 
(The camera was placed higher above the recording chamber). Note that step 3.2.1 (stopping the flow) could not be shown directly but that the action should be understood from the voiceover.
3.2.2. CU the sample as it sinks and settles at the bottom
3.3. Place the preparation in the center of the recording chamber with the smooth surface of CA1 and subiculum on top [1-CU]. Stabilize the hippocampus with small weights at the septal and temporal extremities [2-CU] and restart aCSF flow [3-MED].
3.3.1. CU the preparation as it is placed in the center of the recording chamber with the smooth surface of CA1 and subiculum on top
3.3.2. CU the preparation as small weights are placed on it
3.3.3. Talent turns on the aCSF flow last take is probably best
4. Extracellular recording of in vitro hippocampal theta oscillations

4.1. In this procedure, lower the LFP electrode to the surface of the hippocampus [1-MED-over the shoulder-TXT]. Advance the LFP electrode through the pyramidal layer and observe the increase in extracellular spiking activity [2- MED-over the shoulder] as single-unit discharge from individual neurons is detected [3-SCREEN]. 
4.1.1. Talent lowering the LFP electrode through hippocampus. Text: LFP: local field potential For this shot (step 4.1.1), a MED over the shoulder of lowering electrode into the recording bath was taken.
4.1.2. Show and record the sound (audio monitor) of the increase in extracellular spiking activity For this step (step 4.1.2), I would like to use the MED over the shoulder shot of the computer screen taken by Vito while I advanced the electrode through the pyramidal layer (the computer screen shows unit spikes being recorded and the position of the electrode in the preparation. Most importantly, the sound file recording should be kept for this shot so that we can hear the firing of neurons which was transmitted through an audio monitor. The best take for this shot was the last one taken by Vito for step 4.1.2,  however, the duration of this shot should be edited to be no longer than a few seconds (to show only the beginning (step 4.1.2) and not the following steps (steps 4.2.1-4.2.3) which were also filmed in the same take).
4.1.3. Show the short video screen record Extra step to show example of unit firing that matches with the ones shown in following steps (4.2).
4.2. Lower the electrode further [1-SCREEN] and note that spiking begins to fade again as the tip crosses into the radiatum [2-SCREEN]. Observe that a clearly visible network oscillation in the theta-frequency range becomes apparent and reaches maximum amplitude as the recording location is lowered through the radiatum [3-SCREEN].
4.2.1. Show that the electrode is lowered further

4.2.2. Show that the spiking begins to fade again
4.2.3. Show that the oscillation in the theta-frequency range becomes apparent and reaches maximum amplitude as the recording location is lowered through the radiatum. Text: Theta-frequency range: 4-12 Hz, max amplitude: 100-300 μV

4.3. To test the spatial properties of spontaneous theta oscillations across the CA1 region, place a second LFP electrode into a CA1 site [1-SCREEN-TXT] and observe that CA1 theta oscillations synchronize over large distances [2-SCREEN].
4.3.1. An electrode is placed into a CA1 site. Text: 200-800 μm septal or temporal from the first LFP
4.3.2. Show that CA1 theta oscillations synchronize over the large distance

4.4. To test the properties of theta oscillations across hippocampal layers, leave a reference LFP electrode in a CA1 radiatum site [1-SCREEN]. Starting from just above the stratum oriens, lower a second electrode into the pyramidal cell layer, and through the radiatum [2-SCREEN]. Observe a gradual inversion of the LFP signal [3-SCREEN] across the pyramidal layer [4-SCREEN].
4.4.1. Show that a reference LFP electrode is placed in a CA1 radiatum site
4.4.2. Show that a second electrode is lowered into the pyramidal cell layer and through the radiatum

4.4.3. Show LFP signal inversion at superficial level 
4.4.4. Show LFP signal inversion at deep level
4.5. To test gamma oscillations and theta-gamma coupling in the intact hippocampus, place a field electrode at the CA1/subiculum border and lower it until it sits at the interface between the pyramidal and molecular layers [1-SCREEN]. At this level, a field potential displaying clear gamma oscillations with changes in amplitude that phase-lock to the local theta rhythm can be recorded [2-SCREEN]. 
4.5.1. Show that a field electrode is lowered to the CA1/subiculum border
4.5.2. Show that the field potential displaying clear gamma oscillations with changes in amplitude that phase-lock to the local theta rhythm

4.6. Then, adjust the scaling to observe the slow time scale of theta-gamma coupling [1-SCREEN]. Note that gamma bursts occur in two distinct frequency bands, which can be revealed by band-pass filtering the ongoing LFP signal in the slow and fast gamma range [2-SCREEN]. 
4.6.1. Show the slow time scale of theta-gamma coupling
4.6.2. Show that band-pass filtering is applied on the ongoing LFP signal to show the slow gamma, then the fast gamma. Text: Slow gamma (25–50 Hz), Fast gamma (150–250 Hz)
4.7. For whole-cell patch clamp recording during in vitro hippocampal theta oscillations, use fluorescence video-microscopy [1-MED-over the shoulder] with low and high power magnification to visualize tdTomato-positive interneurons located near the surface of a hippocampal preparation from a PV-TOM mouse [2-SCREEN-TXT].
4.7.1. Talent switches between low and high magnification objectives and then turns on the fluorescent light to illuminate the sample.
4.7.2. Show the tdTomato-positive interneurons located near the surface of a hippocampal preparation.  Text: PV: parvalbumin-positive
4.8. Under low magnification view of the hippocampus, place a LFP electrode in CA1/subiculum to monitor theta oscillations while preparing for patch clamp experiments [1-SCREEN].  Then, switch to 40X magnification and immerse the objective over the target region [2-MED]. Lower it until the top layers become visible [3-SCREEN]. 
4.8.1. Show the low magnification view of the hippocampus and then a LFP electrode is placed in CA1/subiculum
4.8.2. *Film as written
4.8.3. Show that the objective is lowered until the top layers become visible
4.9. Under the fluorescence microscopy, select a fluorescent PV-TOM cell and approach it with a patch pipette filled with standard intracellular solution [1-SCREEN]. Once in whole-cell configuration, examine the physiological properties of identified PV cell during spontaneous hippocampal oscillations [2-LM].
4.9.1. Show the described procedure

4.9.2. Fig3B.tif: Show the figure


4.10. Observe the intracellular membrane potential recording from PV cells that are characterized by fast-spiking behavior and bursts of action potentials synchronized to the ongoing CA1/subiculum theta rhythm [1-SCREEN].
4.10.1. Show that the intracellular membrane potential recording from PV cells synchronized to the ongoing CA1/subiculum theta rhythm

5. Optogenetic control in the isolated hippocampus
5.1. In this procedure, place a LFP electrode in the CA1/subiculum area [1-CU] and patch a nearby pyramidal cell in the isolated hippocampus of a mouse expressing the blue-light sensitive excitatory opsin ChR2 in PV interneurons [2-SCREEN].
5.1.1. *Film as written Please use the CU shot for this step (showing the electrode being lowered)
5.1.2. Show that a pipette approaching and patching a pyramidal cell 
5.2. Place an optic fiber light guide above the hippocampal preparation and center it on the recorded region [1-CU]. Use blue light from a LED source for optogenetic stimulation, which consists of 10-20 ms light pulses or sine wave voltage commands delivered at theta frequencies [2-CU-TXT].
5.2.1. CU the optic fiber light guide as it is placed above the hippocampal preparation and centered on the recorded region
5.2.2. CU the hippocampal preparation as the blue light is emitted. Text: Text: 473 nm, 10-20 ms pulses
5.3. In current clamp, characterize the activity of the recorded cell during spontaneous theta oscillations [1-SCREEN]. Then, start the stimulation protocol and record the light responses [2-SCREEN].
5.3.1. Show the recording of the cell in current-clamp
5.3.2. Show that the stimulation is triggered and the light responses are recorded
5.4. Observe that field oscillations and synaptic activity in the recorded neuron become increasingly synchronized during optogenetic stimulation and that rhythmic pacing of PV cells results in a robust control of both frequency and power of theta oscillations [1-SCREEN].
5.4.1. Show that the field oscillations and synaptic activity in the recorded neuron become increasingly synchronized during optogenetic stimulation

6. Results: Cell-type specific activity of pyramidal cell and PV interneuron during spontaneous theta oscillations in the intact hippocampal preparation from a PV-TOM mouse 
6.1. Shown here is the synaptic activity recorded from a pyramidal cell during theta oscillations [1-LM]. Current-clamp traces show spontaneous but not rhythmic firing at rest, and inhibitory postsynaptic potentials that were not clearly synchronized with the slowly emerging LFP oscillation [2-LM]. Voltage-clamp recordings show that the corresponding inhibitory postsynaptic currents have their reversal potential at around -70 mV [3-LM]. 
6.1.1. Fig3A.tif: Show the left upper panel (the brain tissue cartoon, the image labeled “CA1/SUB PC” and the cartoon spikes with scale bars)
6.1.2. Fig3A.tif:  Show the left lower panel (two traces: one is labeled “Vrest, -57mV, the other is labeled “LFP”)
6.1.3. Fig3A.tif: Show the right panel (starting with the top two traces, then add the middle two traces, followed by the bottom two traces)
6.2. And here is the synaptic activity recorded from a fast-spiking fluorescent PV interneuron during theta oscillations [1-LM]. In current-clamp, this cell was spontaneously firing at rest and was strongly driven by rhythmic excitatory postsynaptic potentials that were phase-locked with the stable LFP oscillation [2-LM]. In voltage-clamp recordings, the excitatory postsynaptic current reversal potential was approximately at 0 mV [3-LM]. 
6.2.1. Fig3B.tif: Show the left upper panel (the brain tissue cartoon, the image labeled “CA1/SUB PV-TOM” and the cartoon spikes with scale bars)
6.2.2. Fig3B.tif: Show the left lower panel (two traces: one is labeled “Vrest, -60mV, the other is labeled “LFP”)
6.2.3. Fig3B.tif: Show the right panel 
7. Conclusion (said by authors on camera)

7.1. FM: Once mastered, this technique can be performed in 2-3 hours. 
7.2. FM: While attempting this procedure, it’s important to remember to oxygenate solutions vigorously and use a perfusion system that allows high-speed but steady flow of warm oxygenated aCSF over the preparation during electrophysiological recordings.
7.3. FM: Following this procedure, other methods such as optogenetic stimulation and silencing of specific cell-type populations can be performed to answer additional questions such as identifying cellular subtypes that form theta oscillators in the hippocampus.
7.4. FM: After its development, this technique paved the way for researchers in the field of Neuroscience to systematically explore the dynamics of theta oscillations across the entire septo-temporal axis of the hippocampus in vitro. 
7.5. FM: After watching this video, you should have a good understanding of how to extract the whole hippocampus preparation in order to explore the generation of rhythmic neuronal networks using field, unitary and patch clamp recordings as well as optogenetic technology.
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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