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24
25  SUMMARY:
26 A novel wireless technique for recording extracellular neural signals from the brain of freely
27  swimming goldfish is presented. The recording device is composed of two tetrodes, a microdrive,
28 aneural datalogger, and a waterproof case. All parts are custom-made except for the data logger
29  andits connector.
30
31  ABSTRACT:
32  The neural mechanisms governing fish behavior remain mostly unknown, although fish constitute
33  the majority of all vertebrates. The ability to record brain activity from freely moving fish would
34  advance research on the neural basis of fish behavior considerably. Moreover, precise control of
35  therecording location in the brain is critical to studying coordinated neural activity across regions
36 in fish brain. Here, we present a technique that records wirelessly from the brain of freely
37  swimming fish while controlling for the depth of the recording location. The system is based on
38 a neural logger associated with a novel water-compatible implant that can adjust the recording
39 location by microdrive-controlled tetrodes. The capabilities of the system are illustrated through
40 recordings from the telencephalon of goldfish.
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Fish are the largest and most diverse group of vertebrates, and like other vertebrates they exhibit
complex cognitive abilities such as navigating, socializing, sleeping, hunting, etc. Nevertheless,
the neural mechanisms governing fish behavior remain for the most part unknown.

In the past few decades, extracellular recordings from immobilized fish have primarily been
implemented to investigate different aspects of the neural basis of behavior'2. Although this
technique is appropriate for some sensory systems, investigation of the full spectrum of the
neural basis of behavior is difficult if not impossible in immobilized animals. The first advances
involved recording from the Mauthner cells of tethered swimming fish®*. However, Mauthner
cells are disproportionately large and the recorded action potential amplitudes, which can go as
high as a few mV, facilitate recording. Later, Canfield et al. described a proof of concept when
using a tethered animal to record from the telencephalon of fish>. Another recent technique for
recording neural activity from fish is calcium imaging (see reviews by Orger and de Polavieja®,
and Vanwalleghem et al.”). This technique was developed for use with zebrafish larvae because
the skin and skull are transparent during the larval stage. However, this technique cannot be used
to study complex behaviors in later stages of development.

Here, we present a novel technique for recording extracellular neural activity from the brains of
freely swimming fish. This is a modified version of the protocol described in Vinepinsky et al.2.
The main innovation is the addition of a microdrive that makes it possible to control the position
of the electrodes after surgery. The technique is designed for recording from the telencephalon
of goldfish using a set of tetrodes that are connected to a neural data logger via a microdrive.
The whole setup is wireless and anchored to the fish’s skull. The specific weight of the system is
equalized to the water-specific weight by adding a small float that allows the fish to swim freely.

The technique is based on the use of a neural data logger that amplifies, digitizes, and stores the
signal in an onboard memory device. The logger telemetry system is used to start and stop the
recordings, and for synchronization with the video camera. In this protocol, a 16-channel neural
logger is used, embedded in a waterproof box together with the microdrive.

The microdrive assembly is fabricated from two main components: the microdrive itself and the
microdrive housing (Figure 1A,B). The housing holds the microdrive and the tetrodes, and also
acts as the anchor between the skull and the logger box (Figure 1C). The PVC logger box is
fabricated using a machine process and is sealed using an O-ring (Figure 1E-G, see also
Supplementary Figure 1, Supplementary Figure 2, and Supplementary Figure 3 for a three-
dimensional [3D] diagram). At one end, a piece of polystyrene foam is attached to the logger box
to compensate for the weight of the implant and provide the fish with a buoyancy-neutral
implant. The construction of the microdrive described in the protocol follows the procedure
presented by Vandecasteele et al.® with a modification to attach the microdrive to the housing
(Figure 1A). All major steps are presented.

The procedure described in the protocol to prepare the fish skull is similar to the one presented
in Vinepinsky et al.® and is described briefly in the protocol. One day after surgery, the fish are
normally fully recovered from the effects of anesthesia and are ready for the behavioral
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experiments. Note that the tetrode location can be adjusted by turning the microdrive screw.
The screw has a spacing of 300 um per full rotation and an advancement of 75 um is
recommended until the target brain location is reached. An appropriate brain atlas should be
consulted to target the specific brain region of interest. It is advisable to test the electrode
impedance each time the fish is anesthetized for battery or memory card replacement.
PROTOCOL:

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

1. Construction of the microdrive housing
1.1. To construct the housing, cut a 1 mm wide brass plate into a 19 mm x 29 mm x 1 mm plate
using a saw. Cut two 5.5 mm slits on each of the long sides perpendicular to the edge, such that

each slit is 6.5 mm away from the narrow sides (Figure 2A).

1.2. Using pliers, fold the area between the slits on the long sides inward, then fold the bottom
part inward and the upper side outward to obtain the housing (Figure 2B,C).

1.3. Using a 3 mm drill bit, make holes for screws in the microdrive housing.
NOTE: These holes will be used later to attach the housing to the logger box (Figure 2D).
1.4. Solder the sides of the housing.

1.5. Using a fine circular file, generate a small, 1.5 mm in radius, semicircular slit at the bottom
of the housing (Figure 2E).

NOTE: This will be used later to insert the stainless steel tube to guide the electrodes.

1.6. Use a 1 mm drill bit to make a hole in the back of the housing for the tetrodes (Figure 2F).
NOTE: A 3D model of the housing is found in the Supplementary housing.stl file.

2. Construction of the microdrive

2.1. Using a cutter, break off a three-pin piece from a single row male pin header strip (Figure
1H). Using pliers, pull out the middle pin.

2.2. Using a cutter, cut the remaining pins to 10 mm in length (2 mm less than the screw length).
Another possibility is to use a longer screw (see step 2.4).

2.3. Drill a hole using a #65 drill bit through the middle pin hole. Drill a thread using a 00-99 tap.
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2.4. Assemble the microdrive and the brass plates (7.5 mm x 2.5 mm x 0.6 mm, see
Supplementary Figure 4) such that the brass plates are touching the pins. Insert a screw (#00-90
round head, 12 mm, brass) through the first brass plate, then through the pin header thread and
the second brass plate. Finally, place a nut on the screw and gently tighten the assembled
microdrive.

2.5. Solder the pins together with the brass plates, and the nut with the tip of the screw.

2.6. Solder the microdrive into the microdrive housing at four points on the sides of the
microdrive brass plates.

2.7. Cut one stainless steel tube 6 mm long with an inner diameter of 1.5 mm and another
stainless steel tube 3 mm long with an inner diameter of 1.2 mm. Polish the ends of the tubes to
avoid sharp ends.

2.8. Glue the 6 mm long tube to the small semicircular slit at the bottom of the microdrive
housing using epoxy. Glue the 3 mm long stainless steel to the pin header, lined up with the 6
mm long tube on the housing.

2.9. Cut two 5 cm long silicone tube segments and one 5 cm long polyimide tube.

2.10. Insert the three tubes into the two stainless steel tubes. Glue the tubes to the stainless
steel tube attached to the pin header using cyanoacrylate glue. Screw the microdrive all the way
up and cut off the excess tubing from the top and bottom of the two steel tubes.

NOTE: The microdrive with the housing is now ready for use (Figure 1C).

3. Preparing the tetrode array

3.1. Tofabricate a two-tetrode implant with four electrodes on each tetrode, prepare eight wires,
each 12 cm long, Formvar insulated, out of 25 um diameter tungsten wire.

NOTE: The same design can accommodate four tetrodes.

3.2. Place a holder for a 16-channel electrode interface board (EIB-16) PCB (see Table of
Materials) under the microscope.

3.3. Using a soft tipped tweezer and a lighter, remove the coating off each of the eight wires on
one side using the flame.

NOTE: This is to ensure that the wire will be properly connected to the PCB connector later on.
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3.4. Push a wire into one of the holes in the EIB-16 with the coated side in the hole. Place a pin
and press it using pliers. Check the connectivity by measuring the resistance between the pin and
the uncoated side of the wire.

NOTE: The resistance is on the order of tens of Ohms.

3.5. Repeat step 3.4 with all eight wires.

3.6. Tape two groups of four wires together using duct tape at the end of each wire.

NOTE: Each group will be glued together later to form a tetrode.

3.7. Cut one piece of tungsten wire 12 cm long with a 50 um diameter. Connect it to one of the
EIB-16 connections.

NOTE: This wire will serve as the reference electrode.

3.8. Cut two bare silver wires 12 cm long with a 75 um diameter that will serve as grounds for
the recording logger. Solder the two wires to the ground connection in the EIB-16.

3.9. Hold the EIB-16 above a motorized turning device and place the duct tape end of one group
of four wires on the motorized tuning device. Apply 130 rounds clockwise followed by 20 counter-
clockwise rotations. Apply cyanoacrylate glue to cover the tetrode.

3.10. Wait for the glue to cure. Cut the tetrode close to the duct tape.

3.11. Repeat steps 3.9 and 3.10 with the second tetrode.

NOTE: This produces the finished two-tetrode array (Figure 1D).

4. Assembling the implant

4.1. Screw the microdrive all the way down.

4.2. Using 1 x 3M Phillips round head screws, attach the EIB-16 to the PVC plate.

4.3. Using soft end tweezers, pull all the tetrodes and wires through the hole in the front of the
logger box cover.

4.4. Using the 2 x 6M Phillips flat head screws, attach the PVC plate to the logger box cover. Keep
the EIB-16 connector in the correct orientation so that the logger can be mounted on the EIB-16.
Make sure the EIB-16 is fixed in place to avoid motion artifacts in the recorded signal.
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4.5. Seal the wires to the box using epoxy. Apply as little as possible because the primary sealing
will be done by room temperature vulcanizing (RTV) later on.

4.6. Attach the microdrive housing to the logger box cover using 2 mm screws.

4.7. Thread the tetrodes and all wires through the hole at the back of the microdrive housing.
Thread the tetrodes through the two silicone tubes in the microdrive. Thread the 50 um tungsten
wire through the polyimide tube in the microdrive.

4.8. Glue the tetrodes and wires to their tubes by applying cyanoacrylate glue to the top end of
the tubes, to ensure the movement is consistent with the microdrive. Screw the microdrive all

the way to the top.

4.9. Apply soft petroleum (see Table of Materials) on the exposed tetrode and wires inside the
microdrive housing to prevent motion.

4.10. Cut a 12 mm x 14.5 mm Petri dish bottom window using a heated razor blade. Attach the
window to the front of the microdrive housing with epoxy. Keep the ground wires outside the

window.

4.11. Apply RTV coating to the exposed tetrodes and wires between the logger box cover and the
microdrive housing.

4.12. After the RTV is cured, close the box with a small weight inside, and submerge in water
overnight to ensure there is no water leakage into the box.

4.13. Cut the tetrodes and reference wire to the desired length using sharp scissors.

4.14. Attach the marked extruded polystyrene foam (see Table of Materials) to the box. Adjust
its size so its buoyancy is balanced when submerged in a water bath.

4.15. Dip the tetrode tips in platinum black solution and use a direct current (-0.2 pA) to coat the
electrodes and set the electrodes’ impedance as desired. Use a multielectrode impedance tester

(see Table of Materials) for coating and impedance measurements.

NOTE: In the goldfish pallium, a value of 40 kOhm is best. Depending on the application, the
electrode impedance can be adjusted by modifying the platinum black coating®? 1,

5. Anesthesia preparation— 1% MS-222 stock solution

CAUTION: Anesthesia preparation includes the use of powdered MS-222, a carcinogen. Hence,
steps 5.2 and 5.3 must be done in a chemical hood using gloves.

5.1. Add 100 mL of water to a tube that can contain more than 100 mL.
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5.2. In a chemical hood, place a disposable weighting plate on a scale. Add 1 g of MS-222 powder
using a spatula, then add the powder to the tube.

5.3. Shake the tube well.

NOTE: In liquid form, MS-222 can be used outside the chemical hood wearing gloves but does
not require a mask.

5.4. Place a disposable weighting plate on a scale. Add 2 g of sodium bicarbonate using a spatula,
then add the powder to the tube. Shake the tube well.

6. Preparing the fish skull

NOTE: At this stage, the fish is ready for implant surgery. Prior to surgery, make sure that all
components and supplies have been sterilized by the appropriate procedures. For this step, an
out of water U-shaped fish holder is needed. In this protocol, an aluminum holder that fits a 15
cm head to tail long goldfish is used. This system holds the fish out of water while perfusing the
gills with oxygenated water. For details see Vinepinsky et al 2.

6.1. Place the fish in a 0.02% MS-222 water bath for 20 min until the fish is asleep.

6.2. Using sterile gloves, take the fish out of the water and place it in the holder.

NOTE: The oxygenated water perfusing the fish contains MS-222 at a concentration of 0.02%, so
that the fish remains anesthetized during surgery.

6.3. Using a sterile spatula, apply lidocaine 5% paste on the skin above the designated place for
surgery for 10 min, then remove the lidocaine.

NOTE: Consult an appropriate brain atlas to target the specific brain region.
6.4. Using a sterile 15 blade scalpel, remove the skin above the skull in the region of implant.

6.5. Using a dental drill with 0.7 mm drill bits, drill 4 holes in the skull. Insert a 1 mm screw (3 mm
long) into each hole and apply cyanoacrylate glue on the holes right before inserting the screw.

6.6. Using a dental burnisher, apply dental cement on the screws and on the periphery of the
exposed skull.

6.7. Using the dental drill, make a 5 mm diameter hole in the skull above the brain region of
interest. Remove the fatty tissue between the skull and the brain and expose the brain region
target using fine tweezers and soft tissue paper. Be careful not to damage the large blood vessels
underneath the skull.
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NOTE: By the end of this stage, the fish is prepared to implant the probe. Only the main steps
specific to this protocol are described here. Several postoperative procedures (such as detailed
documentation on the animal’s health and sterilization of the surgery tools and area) are not
presented or discussed because they are applicable to all surgeries with fish or small animals.

7. Implanting the probe

NOTE: To complete the final step in the protocol, a manipulator that can hold the implant in place
while it is inserted into the brain is needed.

7.1. Use the manipulator to hold the logger box cover with the tetrodes pointing down toward
the fish brain.

7.2. Bend the reference electrode such that when the tetrodes are lowered into the brain, the
reference stays outside the brain.

7.3. Cut the grounds such that they fit into the skull. Optionally, connect one ground wire to one
of the skull screws.

7.4. Lower the implant such that the electrodes are inserted into the brain while the bottom part
of the microdrive housing is near the skull.

7.5. Start attaching the implant to the skull by applying a small quantity of dental cement
between the housing and the nearest skull screw.

7.6. After the first part of the dental cement is cured, apply dental cement and close the hole
above the skull and the entire exposed skull.

NOTE: Usually several rounds of dental cement applications are needed in order to cover the
entire exposed skull.

7.7. Install the logger and the battery in the box and seal the box with all the screws.
7.8. Apply antibiotics and local painkillers according to the type of fish used for the experiments.

7.9. Flush the fish’s gills with fresh water until the fish starts to wake up. Remove the fish from
the holder and place it back in its home tank.

NOTE: The fish is fully recovered within 60 min after surgery.
7.10. Make sure the fish is able to swim freely with the implant (Figure 3, Supplementary Video

1). If needed, readjust the size of the extruded polystyrene foam above the logger box such that
the fish can balance easily.
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REPRESENTATIVE RESULTS:

During a recording session the goldfish swam freely in a square water tank while the neural
activity in its telencephalon was recorded. The goal of these experiments was to study how the
neural activity of single cells determines the fish’s behavior. To do so, spiking activity needed to
be identified in the recorded data. The brain activity, while being recorded, was digitized at
31,250 Hz and high-pass filtered at 300 Hz by the data logger. Then, offline, a band-pass filter
(300-5,000 Hz) was applied to the signals, and the presorted raw data were separated into each
tetrode’s channels and the reference channel (Figure 4A). Next, common spike sorting
algorithms'? were used to characterize single cell activity. First, each channel was manually
filtered by the minimal spike amplitude threshold (relative to the noise levels of each channel).
Then, because the tetrodes’ tips are not in the same site, and the reference electrode was outside
the brain, spikes that appeared in more than one tetrode or in the reference channel were also
filtered. The filtered data were then manually clustered and filtered by shape, length, inter-spike
interval (the time between subsequent action potentials must adhere to the refractory period of
neurons), and by principal component analysis (PCA). Examples of single cell clustering vs.
multiunit and noise clusters are presented in Figure 4.

FIGURE CAPTIONS:

Figure 1: Implant assembly. (A) Microdrive, made out of a pin header, brass plates, and a screw.
(B) Microdrive housing, made from a single brass plate by folding. (C) Microdrive assembly made
with the microdrive (A) and the housing (B). (D) The tetrode array was made using EIB-16, two
tetrodes, a reference electrode, and grounds connected to a connector (see Table of Materials).
(E) and (F) The microdrive implant assembly is connected to the waterproof logger box cover.
The tetrode assembly connector is located inside the box and the tetrodes are glued to the
microdrive. (G) The logger box base where the logger and the battery are located. The O ring
around the base is used for sealing. (H) Single row male pin headers strip.

Figure 2: Microdrive housing folding technique. (A) Start with a 1 mm wide brass plate and make
four slits. (B) Fold the middle part of the side inward. (C) Fold the upper part backward and the
bottom part inward. (D) Drill three 3 mm holes in the top. (E) Engrave a 1 mm semicircle on the
bottom. (F) Drill a 1 mm hole in the middle of the upper side.

Figure 3: Recording from a freely behaving goldfish. (A) The tetrodes are implanted in the fish
brain and the assembly is connected to the fish’s skull. (B) The box is sealed with the logger inside.
(C-E) A fish swimming freely with the assembly after surgery.

Figure 4: Representative results. (A) Recording 0.5 s long from a freely swimming fish 24 h after
surgery. The signal is filtered using a band-pass filter (300-10,000 Hz). There is no high amplitude
noise in the reference electrode, indicating a lack of motion artifacts. There are no action
potentials in the second tetrode (green channels). The first electrode data are shown in the
brown channels. Blue and red stars indicate spikes from blue and red clusters shown in panels B
and C, respectively. (B) Spike shapes of two different clusters of single neurons, recorded from
tetrode 1. (C) Projection on the first three principal components of the data from the first tetrode
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of all spike candidates that crossed the threshold. Blue and red clusters correspond to blue and
red spike shapes from panel B. Gray dots represent neural noise or multiunit activity.

Supplementary Video 1: Swimming patterns: example of goldfish a day before implantation
surgery (left) and a day after (right). Video shows similar swimming patterns, indicating that the
fish is not impeded by surgery. Video speed is x1.8.

Supplementary Figure 1: Diagram of the logger box main chamber.
Supplementary Figure 2: Diagram of the logger box cover.

Supplementary Figure 3: Diagram of the EIB-16 chamber cover.
Supplementary Figure 4: Diagram of the brass plate used for the microdrive.

DISCUSSION:

This protocol details the steps involved in implanting a tetrode array into the telencephalon of
freely swimming goldfish. This technique implements a neural logger that amplifies and records
the signals acquired from up to 16 channels along with a microdrive that can adjust the tetrode
position in the brain. The microdrive makes it possible to adjust the position in the brain to
optimize the recording.

This protocol can easily be modified for recording from other brain regions (see Vinepinsky et al.2
for recording from the optic tectum using a similar technique) or any other aquatic animal 15 cm
long or larger (approximately equal to a goldfish head to tail, ~100 grams weight). In addition,
the protocol can be modified to work with any data logger as long as it communicates at a
frequency that can penetrate water. The logger used here communicates using a radio frequency
of 900 MHz and can communicate through about 20 cm of water. A radio frequency of 2.4 GHz
can also penetrate through ~15 cm of fresh water. Lower frequencies and other alternatives
might give even better results31>, The protocol presented here used a two-tetrode array with
eight recording channels. In addition, the protocol can be modified to incorporate other probe
geometries such as a wire array'® or silicone probes®.

There are several advantages to using a data logger over a full telemetry recording system or a
tethered system. First, wireless communication adds noise to the recording. Therefore, full
transmission of the data will reduce the signal quality. In addition, logging the data ensures no
data are lost if communication fails. Furthermore, wireless systems allow the fish to swim freely,
unlike in tethered animals. Finally, this protocol was developed to record action potentials but
can also be used to record local field potentials by setting the logger analog high-pass filter to 1
Hz instead of 300 Hz. One disadvantage of the logger is the need to physically download the data
and replace the battery when it runs down.

The microdrive suggested in the protocol significantly increases the likelihood of recording single
cell activity. Without the microdrive device, the implanted tetrodes are placed approximately in
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the same recording site in the brain for the whole time the fish is being tested. This physically
limits the likelihood of recording multiple single neurons from the same fish, and therefore
curtails the recording yield per fish. The fact that the specific recording site in the brain remains
unknown until after surgery strengthens the need for a movable device that makes it possible to
move the electrodes in the brain after fixation as well.

An important feature of this protocol that was omitted for clarity is the determination of the
electrode impedance. The electrode impedance can be adjusted by the selection of the wire
diameter (i.e., a higher diameter leads to lower impedance), wire composition (e.g., tungsten or
nichrome), and electrode coating (e.g., platinum black for tungsten and gold for nichrome) which
yields wires with lower diameters and lower impedance. Because all these parameters are critical
to the success of neuronal recordings, the reader is strongly encouraged to consult the vast
literature on this subject, including Harris et al.’.

Note the importance of the reference electrode in detecting possible external noise sources in
the system. The reference electrode is a relatively low impedance electrode that is inserted into
the skull but is outside the brain. Because it does not come into contact with brain tissue, it
records the signal’s signature, which is composed of thermal noise, motion artifacts, and external
noise. The major noise sources in this system are motion artifact and communication noises that
can be controlled and timed by the logger. These noises can easily be detected by the signature
they impose on the signal of the reference electrode.
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Table of Materials

Name of Material/ Equipment
0.7 mm round drill bits
15-blade Scalpel
16 channel PCB board
1X3M phillips flat head screws
1X3M phillips round head screws
27 cm X 19 cm X 1 mm brass plate
2X6M phillips flat head screws
3140 RTV coating
75 pm Silver wire

Brass machine screws #00-90

Brass plates 7.5mm X 2.5mm X
0.6mm

Coated Tungsten wire 25um

Coated Tungsten wire 50um

Cyanoacrilic glue

Dental Burnisher

Dental cement - GC Fuji PLUS

Dental drill or nail polish drill

Drill bit #65

Fast curing epoxy

Logger box with O-ring sealing

L]

Click here to access/download;Table of
Materials;BehavingFishMicrodrive2019V6.xIsx

Company

Sigma-Aldrich

Neurlynx

Dow Crowning

A-M Systems

California Fine Wire
Company

A-M Systems

ComDent UK

GC
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Motorized turning device

Mouselog-16 Neural logger

MS-222

Nano-Z plating

PCB pins

Polymide tubing 250um

Rechargable battery

Silicone tubing 0.64 mm

Stainless steel 1.5 mm
Sudium Bicarbonate
Tap #00-90

Vaseline

Deuteron Technologies
Ltd

Sigma Aldrich
White Matter LLC
Neurlynx

A-M Systems

A-M Systems

A-M Systems
Sigma Aldrich



EIB-16

2767996

947-1006

5000160

795500

431011

947-65

Catalog Number



E10521
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Comments/Description

Compatible with the drill.

Stainless steel. Any type.
Stainless steel. Any type.
See Figure 2

Stainless steel. Any type.

A 3D drawing is provided. See supplementary 1

Depending on the appication the tetrodes can be fabricated from any type of
wire. Popular wires are nicrome wires that can be found with lower diameters

Can be replaced with any other wire with low impedance

Any small sterille stainless-still tool will do.
Other dental cements would probably will work as well although we have
never tried any other.

Dental drills are expensive, a nail polish drill can be a cheap replacement.

Any 5 minutes curing epoxy can be used here.

A 3D drawing is provided. See supplementary 1-3. The box should be machine
fabricated (do not use 3D printers). Use transperant material, to be able to see



Custom made as described in "open ephys" website. Can also be purchusaed
from neurolynx ("Tetrode Spinner 2.0") or bulit by other means.

There are several neural loggers available on the market, including:
SpikeGadget (UH32 32channels) and Neurologger 2/2A/2B of Alexei Vyssotski.

Ethtl 3-aminobenzoate methanesulfonate 98%

The nano-Z can be bought from several supllieres. Any impedance meter can
be used, e.g. IMP-1 /6662 /2788, BAK Electronics.

3.7 Lipo battery, 370 mAh. Holds about 6 hours of recording. Smaller or larger
battries can be used to reduce the weight or extend recording time.

Any type of soft petroleum skin protectant can be used here.



Rebuttal Letter

Click here to access/download;Rebuttal Letter;Editorial

commentsV2.docx

Editorial comments:

1. Please note that the editor has formatted the manuscript to match the journal's style.
Please retain the same. The updated manuscript is attached and please use this version to
incorporate the changes that are requested.

The format sent is used for the revised manuscript.

2. Please review the highlighted content of the protocol and shorten it to no more than 3
pages (currently it is more than 3 pages, see the attached highlighting only file). Please note
that the editor has made some minor changes (e.g., combined some shorter steps and
added steps for continuity). Note that the highlighted content should contain essential steps
of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive
story of the Protocol. Please ensure that the highlighted steps form a cohesive narrative with
a logical flow from one highlighted step to the next.

The highlighted text was shortened to less than 3 pages. We’ve noted the editorial changes
and we thank the editor for it.

3. Please address specific comments marked in the attached manuscript. Please turn on
Track Changes to keep track of the changes you make to the manuscript.

All comments were addressed, and changes are trackable in the revised manuscript.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Wireless Electrophysiological Recording of Neurons in a Freely Swimming Fish by

Movable Tetrodes

Author(s):

Lear Cohen Ehud Vinepinsky and Ronen Segev

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.


ronensgv
Inserted Text

https://www.editorialmanager.com/jove/download.aspx?id=1103472&guid=613eaff8-ae58-408c-b874-11b564dec06c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1103472&guid=613eaff8-ae58-408c-b874-11b564dec06c&scheme=1

jove

VISUALIZED F 1.'\ NTS

4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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