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Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to record electrical activities from neurons in an intact fish brain preparation. (Intro)  This is accomplished by first anesthetizing a 4 to 6 month old transgenic medaka fish in MS-222 (P1) and to then dissect out its brain. (P2)  Next, one of the neurons of interest, labeled by GFP, is contacted with the recording electrode (P3) and its electrical activities are recorded by loose patch or whole-cell patch clamp electrophysiology. (P4)  Ultimately, results can show changes in the firing frequency of action potentials or changes in membrane potential in response to different treatments in the intact brain. (P5)
The images are provided in a power point file, with one slide per statement.

Video editor:

P1 – use the P1 image and remove the text

P2 - use the P2 image.  It can be flipped out of the fish in P1, however the P1 image is a side view and the P2 image is a top view.  The brain is basically behind the eyes of the fish. 

P3 – zoom in on the green cells in the P2 image and replace them with the green cells on the left side of the P3 image.   Then add in the cone and electrical circuit graphic.  Then show just cell 1 on the right side, by fading it onto the cell with the cone attached to it (it is that cell).  Then, add the rest of the right side of the P3 graphic.

P4 – show the data to the right of the previous image, the top graph pertains to the top cell (1,2) and the bottom graph pertains the bottom cell (1,3).   The boxes around the data can be removed.

P5 – show the image provided for P5, including the text, first show the graphs, without data and then have the data (up/down line) wipe on left to right starting on the left graph.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

Authors, I’ve eliminated all but one statement for each of you in the Intro and Conclusion, as a single, brief statement per author in each section is our standard approach.
1.1. Nancy Wayne: The main advantage of this technique over existing methods, like electrophysiology recording from brain slices or cells in culture, is that we can characterize electrical properties from neurons in a whole-brain preparation with intact neural circuits.   

1.2. Yali Zhao: Though this method can provide insight into reproductive neuroendocrinology, it can also be applied to other neural systems using transgenic fish, such as neurons that control motivation and appetitive behaviors.

Protocol Chapters (read by a voice talent at JoVE):

2. Dissection of Brains from Adult Medaka
2.1. This demonstration uses transgenic medaka fish in which GnRH3 neurons are genetically labeled with GFP.

LAB MEDIA: Figure 1A
LAB MEDIA: Figure 1B
LAB MEDIA: Figure 1C
Replace one image with the next, in sequence.
2.2. To begin, anesthetize an adult medaka by immersing it in 5 ml of MS-222 (TEXT: 150 mg / L, pH 7.4). A couple of minutes after the gill movements have ceased transfer it to a 60-mm Petri dish with fish saline. 

2.2.1. WID: Talent moving fish to the pool of MS-222
2.2.2. CU: fish in MS-222, stops moving gills, after a few minutes it is removed
2.2.3. CU: fish placed in dish/ solution
2.3. Now, use scissors to decapitate the fish at the caudal end of the operculum. (TEXT: All procedures were approved by the Institutional Animal Care and Use Committee of University of California-Los Angeles.)
2.3.1. ECU: clipping off the head
2.4. Transfer the head to a 35-mm diameter Petri dish, half filled with fish saline and lined with Sylgard.  The dish requires a central depression, in which to position and secure the head dorsal-side up with insect pins.
2.4.1. MED: moving head to a new dish
2.4.2. CU>ECU: head pinned down in center of dish, zoom in to show final presentation
2.5. With fine scissors, carefully cut the dorsal part of the skull open around its perimeter. Then, remove the skull gently, with forceps, exposing the dorsal part of brain including the anterior part of the spinal cord.
2.5.1. ECU/SCOPE: cutting open the skull and remove skull, have talent point out dorsal brain and anterior spinal cord
2.6. Then, remove the skull gently, with forceps, exposing the dorsal part of brain including the anterior part of the spinal cord. 
2.6.1. SCOPE: removing skull, have talent point out dorsal brain and ant. Spinal cord 
2.7. Now, gently lift the spinal cord with fine-tip forceps.  Then, sever the bilateral connective nerves using fine-tipped scissors.  This includes severing the cranial nerves, spinal nerves, ventral-side optic nerves, and the anterior olfactory nerves. 
2.7.1. SCOPE: pulls up spinal cord and trims off the nerves attached, have talent identify the cranial, spinal, optic and olfactory nerves as they are severed
2.8. Place the fully dissected brain in a new Petri dish filled with fresh fish saline.
2.8.1. ECU: moving the brain to a new dish
2.9. Under a microscope, carefully check that the whole brain and pituitary gland are intact and are not cut or punctured.  Discard any damaged brains and start again.
2.9.1. SCOPE: examination of the brain, have talent identify the pituitary galnd and any punctures that makes the brain unworthy of further use
2.9.2. MED: talent looks up from scope and gathers instruments for step 3.1
3.  Mounting the brain in a recording chamber
3.1. Using a needle, place a small drop of fast-acting glue, like cyanoacrylate, at the center of the recording chamber.   Spread the drop of glue over a square centimeter. 
3.1.1. MED: a continuation of 2.9.2, talent places recoding chamber under scope
3.1.2. SCOPE: applied glues to the chamber and spreads it out
3.2. Then, quickly transfer the brain to the glue.  Secure it ventral-side up.
3.2.1. SCOPE: places brain on glue, have talent identify the ventral side features of the brain
3.3. Now, fill the recording chamber with about a milliliter of fish saline to cover the brain
3.3.1. CU: chamber with brain is filled with solution
3.4. Using the fine-tip forceps, carefully remove the meninges over the surface of the recording area of the brain.
3.4.1. SCOPE:  a film is removed off the surface of the brain
3.5. Going forward, continuously perfuse the brain with aerated fish saline at a rate of at least 200 microliters per minute.
3.5.1. MED: talent sets up the perfusion system 
3.5.2. ECU: solution moving over the brain pumped by perfusion system
4. Electrophysiology: Loose patch recording of action potential firing 
4.1. Make some six to ten megaohm, glass microelectrodes and back fill them, about half-way, with loose-patch recording solution.
4.1.1. WID: talent making an electrode
4.1.2. MED: backfilling electrode with recording solution
4.2. Using an upright fluorescent microscope with a cooled CCD camera, find the GFP-expressing terminal nerve-GnRH3 neurons, starting with the 10 X objective.
4.2.1. MED: pan along scope, showing CCD camera as talent selects the objective on the scope and focuses in on a neuron

4.2.2. SCOPE: finding the GFP neuron at 10 X
4.3. Then, switch to the 40 X objective and locate the neurons at or near the ventral surface of the olfactory bulbs, just anterior to the telencephalon. 
4.3.1. CU: switching from 10 X to 40 X objective
4.3.2. SCOPE: focusing in on GFP neuron at 40 X, talent identifies the olfactory bulb 
4.4. Now, switch to a video monitor that is providing real-time images from the microscope. The neuron cluster contains 8 to 10 GnRH neurons.
4.4.1. MED: talent looks up from the scope and turns on the monitor, which shows the image of the cell under the scope
4.4.2. CU: monitor as talent locates the neuronal cluster 
4.5. Position the microelectrode into the recording-chamber bath with the tip of the electrode above the target neuron.  Apply constant slight positive pressure so the microelectrode doesn’t clog. 
4.5.1. CU: talent moving the electrode with micromanipulator
4.5.2. SCOPE/MONITOR: monitor as the electrode comes into view
4.5.3. CU/SCREEN CAPTURE: instrument used to keep or monitor the positive pressure 
4.6. Gently approach the target neuron with the tip of the electrode.
4.6.1. SCOPE/MONITOR: neuron approached by the electrode
4.7. Check and monitor the electrode resistance with Axograph software, using the seal test, in voltage-clamp mode.  When the tip of the electrode is on the surface of the neuron, the electrode resistance changes slightly.  At this point, release the positive pressure to make a low resistance seal.
4.7.1. SCREEN CAPTURE: show the Axograph software showing electrode resistance in v clamp mode
4.7.2. SCOPE: moving the electrode tip slightly a the surface of the cell [Use 4-7-2_4-8-1_pressure.MOV. instead of videographer’s footage.]
4.7.3. CU or SCREEN CAPTURE: using instruments to release positive pressure [Use 4-7-2_4-8-1_pressure.MOV. instead of videographer’s footage.]
4.8. If necessary, apply slight negative pressure. (TEXT: <100 MΩ).
4.8.1. CU or SCREEN CAPTURE: using instruments to apply a negative pressure [Use 4-7-2_4-8-1_pressure.MOV. instead of videographer’s footage.]
Video Editor: Note from Author: “Dear Editor: We made another video that more clearly shows the pressure changes described in 4.7.2 – 4.8.1. The uploaded video name is 4-7-2_4-8-1_pressure.MOV. The reason is that the original clip did not make the point clearly of showing the positive pressure changes of the electrode. The new clip is much more clear. It had nothing to do with the quality of the videorecording - just a function of the experimental prep not being perfect. We have uploaded the revised video clip in the File Upload section of the JoVE Submissions site.” 
4.9. Yali Zhao: The most critical step to getting a path recording is to select a neuron with a clean cell surface so that you can make an ideal seal between the electrode and the cell membrane.
4.9.1. MED: interview style shot of Yali at the microscope
4.10. Now, switch to current-clamp mode, open CHART, a PowerLab program, and begin recording the membrane voltage continuously without any current input.   Adjust the scale of voltage and rate of recording if necessary. 
4.10.1. SCREEN CAPTURE: switching to current clamp, opening CHART, recording without current input

4.10.2. SCREEN CAPTURE: adjusting the voltage and rate of recording

Videographer: If 4.9.2 is done off the computer then it should be a CU shot.
4.11. Record the baseline electrical activity in normal fish saline for about five minutes before applying any treatments.
4.11.1. MED: talent making taking a recording and monitoring the image of the recording, checking various parameters there as well on other instruments
LAB MEDIA: Figure 2A

4.12. Bath perfusion of drugs, hormones, peptides, et cetera, should be added to the brain preparation, flowing at 200 microliters per minute.  Then, use normal fish saline for a washout period.
4.12.1. MED: talent applying drugs to the brain preparation
4.12.2. ECU: washing out the drugs with fish saline
4.12.3. ECU: removing the drug wash and returning to the pure saline perfusion

5.  Electrophysiology: Whole cell recording of membrane potential

5.1. After locating a cell, check and monitor the electrode resistance in voltage-clamp mode. 
5.1.1. WID: talent at the patch-clamp rig, locating a cell
5.1.2. MED: talent checking screen which shows SEAL TEST, part of Axograph software, and resistance, then talent check the monitor with the scope view or looks into the scope itself
5.2. When the tip of the electrode is on the surface of the neuron and the electrode resistance changes slightly, release the positive pressure and apply a little negative pressure to make a high resistance seal on the neuron.  (TEXT: ~ 3 Giga Ω). 
5.2.1. SCOPE: electrode tip at surface of cell
5.2.2. Shot like 4.6.7
5.2.3. Shot like 4.7.1
5.3. Apply gentle mouth suction to rupture the patched cell membrane.  The resistance will instantly drop to about 120 to 250 Mega Ohm when the membrane breaks.
5.3.1. MED: talent with tube in mouth to apply suction, pan down to cell preparation where tube ends
5.3.2. CU or SCREEN SHOT: resistance as it falls instantly, representing the breaking of the membrane
5.3.3. SCOPE: the membrane being broken by mouth suction
5.4. Now, switch to current-clamp mode, and record the membrane voltage continuously using CHART without any current input.  Again, adjust the scale of voltage and rate of recording as needed.
5.4.1. MED: talent switch program to current clamp
5.4.2. SCREEN SHOT: switching to current clamp and starting a recording with CHART, adjustments to voltage and rate made
5.5. After making a baseline recording of electrical activity in normal fish saline for about five minutes, apply treatments followed by a washout period. 
5.5.1. MED: talent monitoring recording, prepares to change the perfusion to add treatment
5.5.2. Reuse snippets of 4.11.1, 4.11.2 and 4.11.3 to show treatment being added and removed
6. GnRH3 Neuron Activity in Medaka and Zebrafish
6.1. The spontaneous electrical activities of medaka terminal nerve-GnRH3 neurons, were recorded in current-clamp mode.  The typical firing rate is 0.5 to 6 Hz. (TEXT: loose-patch mode)
LAB MEDIA: Figure2A 
6.2. Action potentials typically fire in a tonic or beating pattern, with a fairly regular interspike interval. Interspike membrane potential averages about -48 millivolts. (TEXT: whole-cell mode)
LAB MEDIA: Figure 2B
6.3. This experimental approach is also successful in recording from GFP-labeled GnRH neurons located in the forebrain of adult transgenic zebrafish.
LAB MEDIA: Figure 3A 

LAB MEDIA: Figure 3B 
6.4. Neuron electrical activity in the excised, intact brain of transgenic zebrafish was recorded in a similar way as described for medaka by loose-patch.
LAB MEDIA: Figure 3C
6.5. The same techniques provided whole-cell recording, as well. Unlike with medaka terminal nerve-GnRH neurons, the pattern of spontaneous action potential firing of zebrafish GnRH neurons in the preoptic area, ventral telencephalon, and hypothalamus is often irregular.
LAB MEDIA: Figure 3D
7. Conclusion Interview (spoken by you on camera)

7.1. Yali Zhao: Once mastered, this technique can be done in one hour for a 15 min recording, if it is performed properly.

List of Provided Media Filenames and Descriptions (fill this in)

2.1 - Wayne_Fig.1A.tif – image of medaka fish

4.2 - Wayne_Fig.1B.tif – image of terminal nerve GnRH:GFP neurons at 10x

4.3 - Wayne_Fig.1C.tif – image of terminal nerve GnRH:GFP neurons at 40x
4.7.2 through 4.8.1 - 4-7-2_4-8-1_pressure.MOV – movie of pressure changes produced by electrode
4.9 and 6.1 - Wayne_Fig.2A.tif – loose patch recording of medaka terminal nerve GnRH neuron

5.5 and 6.2 - Wayne_Fig.2B.tif – whole cell patch recording of medaka terminal nerve GnRH neuron

6.3 - Wayne_Fig.3A.tif – zebrafish GnRH:GFP neurons in OB, VT, and POA

6.3 - Wayne_Fig.3B.tif - zebrafish GnRH:GFP neurons in hypothalamus

6.4 - Wayne_Fig.3C.tif – loose patch recording of zebrafish GnRH neuron

6.5 - Wayne_Fig.3D.tif – whole cell recording of zebrafish GnRH neuron
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.

( 2012, Journal of Visualized Experiments


