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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y 
Can you record movies/images using your own microscope camera? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.
2.1, 3.4.3, 5.1, 5.2, 5.4, 7.1
4. 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. 
4.1 & 4.4. Handle the wires with care since they are very thin and might get torn.
5. Will the filming need to take place in multiple locations? N 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Ehud Vinepinsky: We developed a novel method for recording extracellular neuronal signals from the brain of freely swimming fish. This opens the door for studying the neural mechanisms that underlay fish behavior [1].

1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Ehud Vinepinsky: This method is wireless and waterproof and therefore allows recording while the fish swims freely in the water tank. In addition, the recording location can be controlled by the built in microdrive [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.2.2. Procedures All surgery procedures must be approved by the local ethics committees on animal welfare (e.g., IACUC).


1.3. Added: Ehud Vinepinsky: Demonstrating the procedure will be Tal Zoor-Novoplansky – lab technician.

1.3.1. Added shot:  INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.3.2. Added shot: Lab technician working with a microscope and the looks at the camera.


Section - Protocol
2. Construction of the microdrive housing
2.1. To construct the housing, use a brass plate with dimension of 19 millimeters by 29 millimeters by 1 millimeter, with two 5.5 millimeter slits on the long sides perpendicular to the edge. The slits should be 6.5 millimeters away from the narrow side [1]. Using pliers, fold the area between the slits on the long sides inward [2], then fold the bottom part inward [3] and the upper side outward to obtain the housing [4].
Videographer: This is one of the most important steps for viewers to see.
2.1.1. Close up of the brass plate, showing the dimensions and the slits.
2.1.2. Talent uses pliers to fold the area between the slits on the long sides inward.
2.1.3. Talent folds the bottom part of the plate inward.
2.1.4. Talent folds the upper side of the plate outward.
2.2. Next, use a 3 millimeter drill bit to make holes in the microdrive housing for the screws [1] and solder the sides of the housing [2]. Use a fine circular file to create a small semicircular slit at the bottom of the housing that has a radius of 1.5 millimeters [3].
2.2.1. Talent uses a drill to make holes in the microdrive housing.
2.2.2. Talent solders the sides of the housing.
2.2.3. Talent uses a fine circular file to create a small semicircular slit at the bottom of the housing.
2.3. Using a 1 millimeter drill bit, make a hole in the back of the housing for the tetrodes [1].
2.3.1. Talent uses a drill to make a hole in the back of the housing.

3. Construction of the microdrive 
3.1. First, use a cutter to break off a three-pin piece from a single row male pin header strip [1]. Using pliers, pull out the middle pin [2].
3.1.1. Talent uses a cutter to break off a three-pin piece from a single row male pin header strip.
3.1.2. Talent uses pliers to pull the middle pin out of the three-pin piece.
3.2. Next, use a cutter to cut the remaining pins to 10 millimeters in length [1]. Use a #65 drill bit to drill a hole through the middle pin hole [2] and use a 00 – 99 tap to drill a thread [3].
3.2.1. Talent uses a cutter to cut the remaining pins down to length.
3.2.2. Talent drills a hole through the middle pin hole.
3.2.3. Talent drills a thread in the middle pin hole.
3.3. Assemble the microdrive and the brass plates such that the brass plates are touching the pins [1]. Insert a screw through the first brass plate, through the pin header thread, and then through the second brass plate [2]. Finally, place a nut on the screw and gently tighten the assembled microdrive [3].
3.3.1. Talent assembles the microdrive and the brass platesAll the parts lay on the table such that the brass plates are touching the pins.
3.3.2. Talent inserts aShot of the screw inserted through the first plate and, the pin header thread, and the second plate.
3.3.3. Shot of the  whole ensemble.Talent places a nut on the screw and gently tightens it.
3.4. Solder the pins together with the brass plates [1] and solder the nut together with the tip of the screw [2]. After this, solder the microdrive into the microdrive housing at four points on the sides of the microdrive brass plates [3].
3.4.1. Talent solders the pins together with the brass plates.
3.4.2. Talent solders the nut together with the tip of the screw.
3.4.3. Talent solders the microdrive into the microdrive housing as described. Videographer: This is one of the most important steps for viewers to see.
3.5. Using epoxy, glue a 6 millimeter long stainless steel tube to the small semicircular slit at the bottom of the microdrive housing [1-TXT]. Glue a 3 millimeter long stainless steel tube to the pin head so that it is lined up with the 6 millimeter long tube on the housing [2].
3.5.1. Talent uses epoxy to glue the steel tube to the small semicircular slit at the bottom of the microdrive housing. TEXT: See text for details on preparing steel tubing.
3.5.2. Talent glues a piece of stainless-steel tube to the pin head so that it is lined up with the other piece of stainless steel tubing.
3.6. Insert the prepared silicone and polyimide tubes into the two stainless steel tubes [1-TXT] and use cyanoacrylate glue to glue them to the stainless-steel tube attached to the pin header [2]. Then, screw the microdrive all the way up and cut off the excess tubing from the top and bottom of the two steel tubes [3].
3.6.1. Talent inserts the silicone and polyimide tubes into the two stainless steel tubes. TEXT: See text for details on preparing silicone and polyimide tubes.
3.6.2. Talent glues the tubes to the stainless-steel tube attached to the pin header.
3.6.3. Talent cuts off the excess tubing.

4. Preparing the tetrode array 
4.1. Previously 4.3: Next, cut two bare silver wires with a diameter of 75 micrometers to a length of 12 centimeters [1], and solder them both to the ground connection in the electrode interface board and to all unused channels [2].	Comment by Ehud Vinepinsky: The new shot numbers were used during the filming
4.1.1. 	Comment by Ehud Vinepinsky: Shot removed
4.1.2. Talent solders the silver wires to the ground connection in the electrode interface board.

4.2. Previously 4.1: Push one of the prepared tungsten wires into one of the holes in a 16-channel electrode interface board, making sure that the coated side is in the hole [1-TXT]. Place a pin into the hole and press it with a pair of pliers [2]. Measure the resistance between the pin and the uncoated side of the wire to check the connectivity [3].
Videographer: This is one of the most difficult steps to perform.
4.2.1. Talent pushes a tungsten wire into one of the holes in a 16-channel electrode interface board and places a pin into the hole. TEXT: See text for details on preparing wires.
4.2.2. Talent places a pin into the hole and presses itthe pin with a pair of pliers.
4.2.3. Talent measures the resistance between the pin and the uncoated side of the wire.
4.3. Previously 4.2: Repeat this process for all of the prepared wires including one 50 micrometer wire for reference electrode [1]. Then, group the electrode wires into two groups of four wires each, and tape them together using duct tape at the end of each wire, leave the reference wire alone [2].
4.3.1. Talent repeats the process for another wire. Any action in this process can be filmed for this step.
4.3.2.  Talent groups the wires and tapes them.
4.4. Next, cut two bare silver wires with a diameter of 75 micrometers to a length of 12 centimeters [1], and solder them both to the ground connection in the electrode interface board and to all unused channels [2].
4.4.1. Talent cuts two pieces of bare silver wire as described.
4.4.2. Talent solders the silver wires to the ground connection in the electrode interface board.
4.5. Hold the electrode interface board above a motorized turning device and place the duct taped end from one group of four wires on the device [1]. Apply 130 rounds clockwise followed by 20 counterclockwise rotations [2]. Then, apply cyanoacrylate glue to cover the tetrode [3].
Videographer: This is one of the most difficult steps to perform.
4.5.1. Talent holds the electrode interface board above a motorized turning device, and places the duct taped end from one group of four wires on the motorized turning device.
4.5.2. Talent rotates the wires. Any of the rotations can be filmed for this shot.
4.5.3. Talent applies glue to cover the tetrode.
4.6. After the glue has cured, cut the tetrode close to the duct tape [1]. Repeat this rotating, gluing, and cutting process to the other tetrode [2].
4.6.1. Talent cuts the tetrode close to the duct tape.
4.6.2. Talent rotates the other tetrode.
5. Assembling the implant
5.1. First, attach the microdrive housing to the logger box with 2 millimeter screws [1]. Thread the tetrodes and all of the wiresthe reference electrode through the hole at the back of the microdrive housing [2]. Thread the tetrodes through the two silicone tubes [3] and thread the 50 micrometer tungsten wire through the polyimide tube [4].
Videographer: This is one of the most important steps for viewers to see.
5.1.1. Talent attaches the microdrive to housing to the logger box.
5.1.2. Talent threads the tetrodes and all of the wires through the hole at the back of the microdrive housing.
5.1.3. Talent threads the tetrodes through the two silicone tubes.
5.1.4. Talent threads the tungsten wire through the polyimide tube.
5.2. Screw the microdrive all the way down, Aapply cyanoacrylate glue to the top end of the tubes to glue the tetrodes and wires to their tubes and ensure the movement is consistent with the microdrive [1]. Screw the microdrive all the way to the top [2].
5.2.1. Talent screws the microdrive all the way down and applies glue to the top end of the tubes.
5.2.2. Talent screws the microdrive all the way to the top.
5.3. Apply soft petroleum to the exposed tetrode and wires inside the microdrive housing to prevent motion [1]. Attach a pre-cut Petri dish bottom window to the front of the microdrive housing with epoxy, while making sure to keep the ground wires outside the window [2].
5.3.1. Talent applies soft petroleum to the exposed tetrode and wires inside the microdrive housing.
5.3.2. Talent attaches the Petri dish bottom window to the front of the microdrive housing with epoxy. TEXT: See text for details on preparing Petri dish window.
5.4. Next, apply room temperature vulcanizing coating to the exposed tetrodes and wires between the logger box cover and the microdrive housing [1]. Use sharp scissors to cut the tetrodes and reference wire to the desired length [2].
Videographer: This is one of the most important steps for viewers to see.
5.4.1. Talent applies room temperature vulcanizing coating to the exposed tetrodes and wires between the logger box cover and the microdrive housing.
5.4.2. Talent uses scissors to cut the tetrodes and reference wire.
5.5. After this, attach the marked extruded polystyrene foam to the box [1]. Adjust its size so its buoyancy is balanced when submerged in a water bath [2].
5.5.1. Talent attaches the marked extruded polystyrene foam to the box.
5.5.2. Talent adjusts the size of the polystyrene foam.
6. Preparing the fish skull
6.1. After anesthetizing the fish, take the fish out of the water and place it in the holder [1-TXT]. Use a sterile spatula to apply 5 percent lidocaine paste on the skin above the designated surgery site for 10 minutes [2]. Then, remove the lidocaine [3].
6.1.1. Talent (wearing gloves) takes the fish out of the water and place it in the holder. TEXT: See text for details on anesthetizing fish; Wear gloves when handling fish.
6.1.2. Talent uses a sterile spatula to apply 5 percent lidocaine paste on the skin above the designated surgery site.
6.1.3. Talent removes the lidocaine paste from the fish’s skin.
6.2. Use a sterile #15 blade scalpel to remove the skin above the skull in the region designated for implant [1]. Next, use a dental drill with 0.7 millimeter drill bits to drill 4 holes in the skull [2]. Apply cyanoacrylate glue to one of the holes and immediately insert a 1 millimeter screw [3]. Repeat this process for the remaining drill holes [4].
6.2.1. Talent uses a scalpel removes the skin above the skull in the region designated for implant.
6.2.2. Talent uses a dental drill to drill 4 holes in the fish’s skull.
6.2.3. Talent applies glue to one of the drilled holes, and immediately inserts a screw.
6.2.4.  Shot Removed.Talent applies glue to another hole in the fish’s skull, and inserts a screw.	Comment by Ehud Vinepinsky: Not important to see again
6.3. After this, use a dental burnisher to apply dental cement on the screws and on the periphery of the exposed skull [1]. Using the dental drill, make a hole that is 5 millimeters in diameter above the brain region of interest [2]. 
6.3.1. Talent uses a dental burnisher to apply dental cement on the screws and on the periphery of the exposed skull.
6.3.2. Talent uses a dental drill to make a hole above the brain region of interest.
6.4. Use fine tweezer and soft tissue paper to remove e fatty tissue between the skull and the brain and expose the brain region target, being careful to not damage the large blood vessels underneath the skull [1].
6.4.1. Talent uses tweezers and soft tissue paper to remove fatty tissue between the skull and the brain and expose the brain region target.
7. Implanting the probe
7.1. First, lower the implant such that the electrodes are inserted into the brain while the bottom part of the microdrive housing is near the skull [1]. Start attaching the implant to the skull by applying a small quantity of dental cement between the housing and the nearest skull screw [2].
Videographer: This is one of the most important steps for viewers to see.
7.1.1. Talent lowers the implant as described.
7.1.2. Talent applies a small quantity of dental cement between the implant housing and the nearest skull screw.
7.2. After the first part of the dental cement is cured, apply additional dental cement and close the hole above the skull and the entire exposed skull [1]. Flush the fish’s gills with fresh water until the fish starts to wake up [2]. Then, remove the fish from the holder and place it back in its home tank [3].
7.2.1. Talent applies additional dental cement and close the hole above the skull and the entire exposed skull.
7.2.2. Shot removed.Talent flushes the fish’s gills with fresh water.	Comment by Ehud Vinepinsky: Nothing to show
7.2.3. Talent removes fish from the holder and places it back in its home tank.
7.3. Make sure the fish is able to swim freely with the implant [1].
7.3.1. LAB MEDIA: SupplementaryVideo1V5.mp4

Section – Results
8. Results: Wireless Electrophysiological Recording of Neurons
8.1. The goal of these experiments is to study how the neural activity of single cells encodes the fish’s behavior. To accomplish this, a tetrode array is implanted into the telencephalon of freely swimming goldfish, which allows for the neural activity to be recorded [1].
8.1.1. LAB MEDIA: 8-1-1-RawData.pdf Figure 4. Video Editor: Show only Figure 4A, without the blue and red stars.
8.2. The brain activity, while being recorded, is digitized at 31,250 Hertz and high-pass filtered at 300 Hertz by the data logger. Then, offline, a band-pass filter is applied to the signals, and the presorted raw data are separated into each tetrode’s channels and the reference channel [1].
8.2.1. LAB MEDIA: 8-1-1-RawData.pdf Figure 4. Video Editor: Show only Figure 4A, without the blue and red stars.
8.3. Next, common spike sorting algorithms are used to characterize single cell activity. First, each channel is manually filtered by the minimal spike amplitude threshold [1]. Spikes that appeared in more than one tetrode or in the reference channel are also filtered [2]. The detected spikes are then manually clustered [2] and filtered by shape, length, inter-spike interval, and principal component analysis [3].
8.3.1. LAB MEDIA:  8-3-1-ThresholdDetector.pdf Figure 4. Video Editor: Show only Figure 4A, show the blue and red stars (but make the starts appear black if possible).
8.3.2. LAB MEDIA: 8-3-2-PCA.pdf Figure 4.Video Editor: Show only Figure 4C. Show the Figure in monochrome if possible, with the dots all being grey.
8.3.3. LAB MEDIA: 8-3-3-SortedSpikes.pdf Figure 4. Video Editor: Still show only Figure 4C. Reveal the blue/red colors.


Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

9.1. Ehud Vinepinsky: It is important to check the implant integrity before the surgery. The tetrodes can be checked using a standard impedance meter and the box should be checked for leakage underwater.

9.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

9.2. Ehud Vinepinsky: This method can be modified to work with many aquatic animals as long they big enough to hold the system.  This enables the study of the neural mechanism that underlay their behavior.

9.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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