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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes
Can you record movies/images using your own microscope camera? (Y/N) No
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: 
Microscope: Nikon SMZ660
Lens:　Nikon C-W 10xB/22
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No
C.  Location: Will the filming need to take place in multiple locations? (Y/N) Yes, 50 m (Neighboring building)
D.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video? 
2.5, 2.7, 3.4, 4.3, 4.7, 4.10 
E.  What is the single most difficult aspect of this procedure and what do you do to ensure success?
Getting ECG signals with a high signal-to-noise ratio. Suture the ECG electrode tightly so that the electrodes do not come off from the muscle. Make the slack of the wire electrodes under the skin.

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this surgical implantation of electrodes is to record central and peripheral bioelectric signals simultaneously from a freely moving rat. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yuji Ikegaya: This method can help answer key questions in the neuroscience field, such as memory, cognition, emotion, and brain-body interactions. 
1.2. Yuji: The main advantage of this technique is that a single recording device collects all the bioelectrical signals from the wide range of body areas.   
1.3. Yu Shikano: We first had the idea for this method, when we noticed that muscle and cardiac activities are both represented by electrical signals similar to brain extracellular signals.  We therefore considered that all signals can be recorded by a single multi-channel recording device.

E.  Ethics title card: 
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of The University of Tokyo.
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) of The University of Tokyo.
Please pick one of these two statements or explain how neither apply.

Protocol: (read by voice talent at JoVE)
2. Preparation of the Integrative Micro-Drive Array
2.1. To begin, prepare a standard micro-drive array for cortical LFP recordings. [1.WID] Leave at least 6 metal holes open on an electrode interface board [2.CU] for the signaling channels. [3.CU]
2.1.1. Establishing shot of talent preparing LFP electrode, setting up holes
2.1.2. Detail of the LFP electrode showing the 6 holes
2.1.3. Talent places long bioflex wire length near holes to show how they will fit
2.2. Next, make six 5-cm lengths of bioflex wire to carry the signals.  [1.CU] Peel off about 5 mm of PFTE coating on both ends. [2.ECU] Then, connect one wire to each metal hole in the board using a gold pin. [3.ECU]
2.2.1. Cutting long wire into 5-cm lengths
2.2.2. Peeling PFTE off ends of one length
2.2.3. Using pin to secure length of wire to hole and repeating with 2nd wire on 2nd hole (Author Comment: In this shot, we have already secured two wires and are securing the 3rd one.)
2.3. Next, make two 5-cm lengths of enamel wire [1.CU] and solder them to the two ground/reference channels on the board. [2.ECU]
2.3.1. Cutting lengths of enamel wire
2.3.2. Completing solders of the two enamel wires, the other 6 channel wires should be attached already
2.4. To make the ECG electrodes, cut two 16-cm lengths of bioflex wire [1.CU] and peel off the 0.5 mm of coating from one end [2.ECU] and 15 mm of coating from the other end. [3.CU]
2.4.1. Cutting 2 16-cm biowire lengths
2.4.2. Removing 0.5 mm of PFTE from one end (really tiny amount – make sure this isn’t a typo, might be 0.5 cm)
2.4.3. Removing 15 mm of PFTE from the other end
2.5. Then, form each long stripped section into a 2-mm diameter circle [1.CU] and secure the loop with solder. [2.ECU]
2.5.1. Making the circle from stripped region of wire
2.5.2. Soldering the circle together
2.6. To make the EMG electrodes, cut two 8-cm lengths of bioflex wire [1.CU] and peel off about 5 mm of coating from both ends. [2.CU]
2.6.1. Cutting two 8-cm lengths of biowire
2.6.2. Peeling 5 mm of PFTE off both ends of an 8-cm wire lengthe
2.7. To make the BR electrodes, cut two 6-cm lengths of bioflex wire [1.CU] and peel off about 5 mm of coating off both ends of each wire. [2.ECU] 
2.7.1. Cutting four two 6-cm wire lengths
2.7.2. Peeling 5 mm of PFTE off both ends of 6-cm wire (Author Comment: ground/reference electrodes are made from enamel wire.)
2.8. For each of the two BR electrodes, solder one end of each wire to the head of a stainless-steel screw. [1.CU-TXT] To make the ground/reference electrodes, cut two 6-cm lengths of enamel wire. [2.8.3] For each of the two ground/reference electrodes, solder one end of the wire to a slightly larger screw. [2.CU-TXT]
2.8.1. Soldering 6-cm wire to a screw, TEXT: stem diameter: 1.0 mm, stem length: 4.0 mm
2.8.3.	[Added shot]: Cutting two 6-cm wire lengths
2.8.2. [bookmark: _Hlk492225488]Soldering 6-cm wire to a larger screw, TEXT: stem diameter: 1.4 mm, stem length: 3.0 mm
2.8.3. [Added shot]: Cutting two 6-cm wire lengths (Move this step above 2.8.2.)
2.9. Now, sterilize all of the electrodes by immersing them into a 70% ethanol [1.MED] for 60 seconds and then handle them under sterile conditions. [1.MED-TXT] [2.CU-TXT]
2.9.1. Preparing the ethanol bath and placing all the electrodes into a basket the bath TEXT: 60 s, 70% EtOH
2.9.2. Submerging the basket of electrodes into the ethanol bath, TEXT: 60 s, 70% EtOH
3. Implantation of the ECG/EMG Electrodes
3.1. [bookmark: _Hlk492230064]To begin, fix an anesthetized rat on its back on a flat heat pad. [1.MED-TXT] Provide buprenorphine as an analgesic and apply ophthalmic ointment to prevent dryness. [2.CU] 
3.1.1. Securing the rat on heat pad, TEXT: 1.0 - 3.0% isoflurane gas 
3.1.2. Applying ophthalmic to the eyes of the rat
3.2. Next, clean the chest and neck with alternating scrubs of 70% ethanol and betadine. [1.CU] Then, drape the animal to leave only the chest area exposed. [2.CU]
3.2.1. Scrubbing the chest/neck area clean as described (Author Comment: Only the process with the chest area was filmed.)
3.2.2. Draping the rat
3.3. First implant the ECG electrodes.  Begin with a 2-cm incision into the medial chest area. [1.ECU] Then, expose the intercostal muscles by separating the chest muscles. [2.SCOPE]
3.3.1. Making incision into the chest
3.3.2. Exposing the intercostal muscles, use scope now for better resolution (Author Comment: Processes on both sides were filmed for just in case)
3.4. Now, suture the rings of the ECG electrodes to the intercostal muscles.  Do this tightly so that the electrodes are very secure and there is a high signal to noise ratio. [1.SCOPE]
3.4.1. Securing the ECG electrodes to the intercostal muscles with sutures
3.5. Then, make a 1-cm incision in the dorsal neck area [1.ECU] and tunnel the ECG electrodes subcutaneously to the incision, leaving a slack of wire under the skin to minimize physical stress at the electrode.  [2.ECU] Then, suture closed the chest incision. [3.ECU]
3.5.1. Making the small incision into neck
3.5.2. Tunneling ECG electrode wires to incision in neck
3.5.3. Suturing closed the chest incision
3.6. Next, re-position and secure the animal to attach the EMG electrodes. [1. CU] Insert one end of each electrode, subcutaneously, about 1 cm into the neck incision and into the neck muscles. [2.ECU] Then, suture these electrodes in place. [3.SCOPE]
3.6.1. Repositioning/securing the rat for EMG electrode placement
3.6.2. Inserting the EMG electrode into the neck
3.6.3. Securing the EMG electrodes with sutures
4. Implantation of the Integrative Micro-Drive Array and the BR Electrodes
4.1. After the electrode implantations, secure the rat to a stereotaxic device. [1.MED]  Then, shave and clean the skull and start the array implantation [2.CU] with a 3-cm incision along the midline from the point between the eyes to the neck. [3.ECU]
4.1.1. Securing rat in stereotaxic frame
4.1.2. Shaving and washing clean the skull
4.1.3. Making 3-cm incision to expose the skull
4.2. Using a high speed drill, [1.MED] make a pair of circular craniotomies between 0.7 and 1.0 mm in diameter above the olfactory bulb, which is 11.0 mm anterior and 0.2 mm bilateral to bregma. [2.ECU]
4.2.1. Talent positioning the drill over the olfactory lobe
4.2.2. Drilling the holes in skull
4.3. Then, implant the two BR electrodes [1.CU] just deep enough for the tips of the screws to make contact with the brain, which is about 2 mm deep. Use between 6 and 8 full turns of the screw. [2.ECU]
4.3.1. Positioning a BR electrode over hole
4.3.2. Screwing the screw into the hole
4.4. Next, make another pair of craniotomies [1.CU] above the frontal cortex, 2.7 mm anterior and 2.7 mm bilateral to bregma. [2.ECU] Into these hole secure the two ground/reference electrodes so they also just contact the brain, about 1.6 mm deep.  This takes 4 to 5 full turns of the screw. [3.ECU]
4.4.1. Positioning drill over frontal cortex
4.4.2. Drilling out two holes over frontal cortex
4.4.3. Implanting the ground/reference electrodes into two new holes – screwing them in
4.5. Now, plan a large circular craniotomy with a diameter of about 2.0 mm above the hippocampus cortex, 3.8 mm posterior and 2.5 mm bilateral to bregma. [1.ECU]
4.5.1. Marking the location of the anchor holes for large circular craniotomy on skull with pen pencil
4.6. Then, make six to eight 1.0-mm holes in the area that will surround the craniotomy.  [1.ECU] Into each of these holes, implant the anchor screws. [2.ECU-TXT] 
4.6.1. Drilling holes at marked locations 
4.6.2. Implanting the anchor screws, TEXT: Stem diameter: 1.4 mm, stem length: 3.0 mm
4.7. Then make the planned craniotomy between the screws.  [1.ECU] Above the large hole, position the integrative micro-drive array such that the cannula tip is just above the large craniotomy. [2.ECU]
4.7.1. Making the craniotomy between the holes
4.7.2. Positioning the micro-drive array, show cannula tip’s position
4.8. Fill the gap space between the cannula tip and the brain surface with about 100 μL of two-part epoxy. [1.ECU-TXT]  Over the next five minutes, allow the mixture to dry into a transparent gel. [1.ECU-TXT] [2.CU-TXT]
4.8.1. Loading the 2-part epoxy into space between the cannula tip and the brain surface, TEXT: 0.5 mass% sodium alginate, 10 mass% calcium chloride
4.8.2. Talent checking the hardened epoxy, probing it?, TEXT: 5 min (Author Comment: This shot was not filmed. We usually just wait for 5 min. The formed gel is very fragile; soft enough for the tetrodes to go through but difficult for dental cement to get to the caniotomy.) (Editor: I’ve just extended 4.8.1 to cover the entire VO – but some of this information can be reduced to a text overlay if needed)
Authors, this is how we use the term “two-part epoxy” – the two parts are initially soft and become firm when mixed
4.9. Next, cover the cannula, BR electrodes, ground/reference electrodes and anchor screws with dental cement.  Apply about 5 mm of cement [1.CU] without covering the open ends of BR or ground/reference electrodes. [2.ECU]
4.9.1. Applying the cement
4.9.2. Ends of BR and g/r electrodes, not coated in cement
4.10. Now, solder all the open ends of the electrodes to where they connect to the board. [1.ECU]
4.10.1. Soldering the electrodes as described
4.11. Then, cover the bottom part of the integrative micro-drive array and all electrode wires, with dental cement. It is important to completely cover the electrode wires so that the rat cannot scratch them out after the implantation. [1.ECU]
4.11.1. Applying more dental cement, as described, covering all electrode wires
4.12. Now, allow the rat to recover.  [1.MED] After regaining sufficient consciousness to maintain sternal recumbency, house it solo, [2.MED] without any cage mates and give it free access to food and water. [3.CU]
4.12.1. Removing rat from stereotaxic frame
4.12.2. Transferring rat, now walking, from recovery cage to home cage
4.12.3. Rat in home cage, showing it is alone
4.13. After the surgery, gradually advance the tetrodes by advancing the screws, daily. [1.MED-TXT] Once the tetrodes are adjacent to the target brain areas, [2.CU-TXT] let the them settle for several days during which signals will stabilize. [3.MED]
4.13.1. Accessing rat in cage that needs to have screws tightened, TEXT: e.g. 1 – 3 turns / day for 2 – 4 days, then 0.5 – 0.125 turns / day for 5 – 14 days
4.13.2. Advancing the screws in rat’s head, TEXT: e.g. 1 – 3 turns / day for 2 – 4 days, then 0.5 – 0.125 turns / day for 5 – 14 days
4.13.3. Returning the rat to its cage
5. Results: Dataset from Foraging Rat
5.1. Using the described methods bioelectrical signals from the brain, heart, lungs and skeletal muscles can be captured simultaneously and correlated.
5.1.1. Fig 1 – just show the figure as is
5.2. For example, a freely moving rat undergoing foraging behavior provides a dataset with transitions between active and resting states. 
5.2.1. Fig 4 – show all of the figure as is
5.3. [bookmark: _GoBack]A power spectrum was computed from a hippocampal LFP trace using wavelet analysis.
5.3.1. Fig 4 – highlight the colorful third bar of data from the top, by zooming in on it and panning from left to right (Author Comment: We would like to replace this third bar with a corrected version) (Editor: As of 1/10/18, no corrected or updated version of this figure has been uploaded)
5.4. The BR signal recorded from the surface area of the olfactory bulb was used to roughly estimate the relative changes in breathing frequencies, such as those that occur during exploratory sniffing behavior.
5.4.1. Fig 4 – highlight the colorful BR bar of data (2nd from bottom), by zooming in on it and panning from left to right – when the narrative says “sniffing behavior”, the par of the data with the “Sniffing” title over it should be being shown.

6. Conclusion (said by authors on camera)
6.1. Takuya Sasaki: Once mastered, this technique can be done in 3 hours if it is performed properly.
6.2. Takuya Sasaki: After its development, this technique paved the way for researchers in the field of neuroscience to explore the relationship between the central and peripheral organs with high temporal resolution in rodents.


Provided Media
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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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