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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____no_____  
Can you record movies/images using your own microscope camera? (Y/N)_________  
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: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___yes_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __no_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this study was to develop a telemetric, bidirectional device to perform multi-channel neural recordings and stimulation in freely behaving rats. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Liana Melo-Thomas: This new device can help answer key questions in the behavioral neuroscience field, such as the causal relationships between brain activation patterns and behavior. 
1.2. Liana Melo-Thomas: In order to validate the telemetric system we choose the inferior colliculus as a target neural structure because an overt behavioral response can be elicited by its electrical stimulation. It is widely known that the electrical stimulation of the inferior colliculus elicits unconditioned ‘fear-like’ behavioral responses in rats, such as alertness, freezing and escape (flight) behavior. We assumed that to be able to elicit such a clear and unequivocal behavior would provide a real challenge to our telemetric system.

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

1.9. All protocols and experiments were in accordance with the current European guidelines (2010/63/EU) and approved by the Germany authorities (Regierungspräsidium Gießen, MR 20/35 Nr.25/2015).



Protocol: (read by voice talent at JoVE)

2. Implant the microelectrode unit on the target area
2.0.  The integrated telemetric system consists of head stage, battery, receiver and a microelectrode unit to be implanted during stereotaxic surgery.
2.0.1. ADDED: Please show here the head stage, battery, receiver and electrode. (Fig. 1)
2.1. To begin this procedure, fix and horizontally align the animal’s head in the stereotactic apparatus using ear bars and upper incisor bar [1-MED-over the shoulder]. Next, shave the surgical field using surgical clippers or a scissor [2-CU] and sterilize the scalp with povidone iodine [3-CU].
2.1.0. Talent places the animal in the stereotactic apparatus and fixes its head in the ear bars and incisor bar
2.1.1. CU the head as the surgical field is shaved
2.1.2. CU the head as the scalp is sterilized with povidone iodine
2.2. Place a heating pad under the animal to prevent hypothermia [1-CU] and treat its eyes with dexpanthenol to prevent them from drying [2-CU]. Then, inject xylocaine in the center of the surgical site [3-CU-TXT].
2.2.0. CU the animal as a heating pad is placed under it
2.2.1. CU the animal as its eyes are treated with dexpanthenol
2.2.2. CU the animal as it is injected with xylocaine. Text: 0.3-0.4 mL, subcutaneously
2.3. Afterward, make a small incision with a scalpel to expose the skull [1-CU]. Separate the skin gently and remove residual tissue [2-CU]. Next, carefully clean the skull using hydrogen peroxide-coated cotton buds [3-CU].
2.3.0. CU the head as a small incision is made to expose the skull
2.3.1. CU the head as the skin is gently separated and the residual tissue is removed
2.3.2. CU the head as the skull is cleaned with hydrogen peroxide-coated cotton buds
2.4. Subsequently, drill 4 small holes in the skull for fixation of stainless steel screws [2.4.1.]. Following that, drill a hole approximately 7 mm in the skull above the target area for fixation of the electrode unit [2.5.1.]. Connect the microelectrode unit and electrode holder to the preamplifier, which is attached to the stereotactic micromanipulator [2.4.2.].
2.4.1. CU the skull as small holes are drilled. Editor: We are not sure what happened here, this shot might not exist, the authors removed it, but not the text. All the shots in 2.4. and 2.5. were rearranged in a weird way, we are not quite sure what the authors meant, but tried to fix it to our best knowledge.
2.5.Following that, drill a hole approximately 7 mm in the skull above the target area for fixation of the electrode unit [1-CU-TXT]. 
2.5.1. Drilling a hole. TEXT: For inferior colliculus: AP, −8.8 mm; ML, 1.5 mm; DV, 3.5 mm. 
2.4.2. Talent connects the microelectrode unit and electrode holder to the preamplifier.
2.5. [2.5.1.] Absorb any blood with cotton buds [2-CU]. Then, vertically introduce the microelectrode unit until the electrode tips reach the target area [3-MED-over the shoulder]. 
2.5.2.*Film as written
[bookmark: _GoBack]2.5.3.*Film as written
2.6. Position the ground cable along the stainless-steel screws and under the skin [1-MED-over the shoulder]. After that, carefully adjust the electrode with micromanipulator until it reaches a zone of active neurons in the target structure [2-MED]. In the meantime, monitor the spike activity and detect neural activity with a signal-to-noise ratio suited for spike sorting [3-SCREEN].
2.6.1 *Film as written
2.6.1. Talent adjusts the electrode with micromanipulator
2.6.2. *To be submitted by authors. Show the spike activity with the signal-to-noise ratio suited for spike sorting Note from the authors: please check if there is a film showing the experimenter adjusting the gain on the computer. This should be enough, there is no need to show the software here.
2.7. Next, fix the microelectrode unit to the skull with ultraviolet glue. Cover the screws and the ground cable with acrylic resin [1-CU]. After that, disconnect the microelectrode unit from the electrode holder [2-MED]. Cover the contact plate and small cables with acrylic resin. [2.7.3.]
2.7.1. *Film as written (Resin, first round)
2.7.2. Talent disconnects the microelectrode unit from the electrode holder
2.7.3. Added shot: Resin, second round.
2.8. Carefully remove the rat from the stereotactic frame, and disconnect the preamplifier from the microelectrode unit [1-MED]. Then, connect the cap protection on the microelectrode unit implanted and disconnect it only during the experimental procedures [2-MED]. 
2.8.1. *Film as written
2.8.2. Talent connects the cap protection on the microelectrode unit implanted
2.9. Monitor the animal-welfare and fill a score sheet every day up to the end of the experiments [1-MED]. Keep the rats individually in the home-cage for at least one day after surgery to allow recovering, and then house the rats in pairs [2-CU]. Single cages should be covered with high acrylic lids. Avoid conventional lids made of metal grid since implants can get stuck and become damaged or unstable over time [3-CU].
2.9.1. Talent fills a score sheet while looking at the animal
2.9.2. CU two rats in a cage 
2.9.3. CU the cages as they are covered with high acrylic lids

3. Behavioral assays
3.0. Open the TWS software and connect the transceiver to the computer’s USB port [3.2.1]. The transceiver can be placed within 5m above the animal [3.2.2.]. Once no metal barrier is introduced between the transceiver and the animal head stage, the TWS is applicable to a broad set of behavioral tasks [3.2.3.].
Editor: This part 3.0. is actually 3.2. moved in front of 3.1. by the authors. Hopefully it all matches.
3.1. Connect the battery to the top of the head stage. Make sure that a green light comes on in the head stage while the battery is connected to it [1-MED] [2-CU]. Then, connect the head stage directly to the implanted microelectrode [3-MED].
3.1.1. *Film as written. CU the head stage as its green light is on.  3.1.1 and 3.1.2 combined into single shot.
3.1.2. CU the head stage as its green light is on 
3.1.3. *Film as written
3.2. Next, open the TWS software and connect the transceiver to the computer’s USB port [1-MED-over the shoulder-TXT]. The transceiver can be placed within 5m above the animal [2-MED]. Once no metal barrier is introduced between the transceiver and the animal head stage, the TWS is applicable to a broad set of behavioral tasks [3-CU].
3.2.1. *Film as written. Text: TWS: Thomas Wireless System
3.2.2. Talent places a transceiver within 5m above the animal
3.2.3. Show that no metal barrier is introduced between the transceiver and the animal head
3.3. As exemplary behavioral tests, we used the open field for the measurement of general behavioral activity [1-CU], and the elevated plus maze, a standard test to assess anxiety-like behavior in rats [2-CU].
3.3.1. CU the open field
3.3.2. CU an elevated plus maze
3.4. For open field assay, place the rat into the center of the open field [1-MED-over the shoulder-TXT]. Allow the rat to explore the apparatus for at least 5 minutes [2-CU]. 
3.4.1. Talent places the rat into the center of the open field. Text: 40 cm x 40 cm x 40 cm; red light: 30 Lux
3.4.2. CU the apparatus as the rat is exploring it
3.5. Now, define the stimulation parameters on the TWS software by clicking on Stimulus Parameter Settings [1-SCREEN]. To determine the escape threshold, deliver a high-frequency stimulation of 2500 Hz to the inferior colliculus in 1-minute intervals and increasing the current intensity by 20-50 μA steps until the rat shows escape behavior [2-SCREEN-TXT].
3.5.1. *To be submitted by authors. Show that Stimulus Parameter Settings is clicked and the stimulation parameters are defined on the TWS software
3.5.2. *To be submitted by authors. Show that high-frequency stimulation is delivered and that current intensity is increased, followed by another high-frequency stimulation. Text: pulse width: 100 μs; pulse interval: 100 μs
3.6. For the elevated plus maze assay, the plus maze used in these experiments is made of gray acrylic and consisted of two open arms and two closed arms that extended from a central platform elevated 50 cm above the floor [1-CU-TXT]. Place the rat into the center of the plus maze facing toward an open arm [2-MED-over the shoulder]. Allow it to freely explore the apparatus for 5 minutes [3-CU]. 
3.6.1. Show that the elevated plus maze is consisted of two open arms and two closed arms that extended from a central platform elevated 50 cm above the floor. Text: Open: 50 cm long x 10 cm wide, Closed: 50 cm long x 10 cm wide, with 40 cm high walls
3.6.2. *Film as written The shots 3.6.2. and 3.6.3. might be combined into single shot, but the authors wrote :combined 3.7.2 and 3.7.3., so it might be 3.7.2. and 3.7.3. Not sure why they wrote here 3.7.2. and 3.7.3.
3.6.3. CU the rat as it is moving freely 
3.7. To see the extracellular activity from single neurons, click on Graph/Start Display on the TWS software [1-SCREEN]. Then, click the green button on Audio Monitor in order to hear the signal from each channel individually [2-SCREEN]. Next, adjust the gain from x200 up to x12800 [3-MED-over the shoulder]. 
3.7.1. *To be submitted by authors. Show that Graph/Start Display on the TWS software is clicked
3.7.2. *To be submitted by authors. Show that the green button on Audio Monitor is clicked to play the signal from each channel
3.7.3. Talent adjusting the gain
3.8. Choose the appropriate file path on Configuration/Options/File Path, and then press the red button to record and save the data before analyzing the recordings with an appropriate data analysis program [1-SCREEN]. For instance, shown here is the recording performance of the TWS with a single bipolar recording electrode, implanted in the inferior colliculus [2-LM].
3.8.1. To be submitted by authors. Show the appropriate file path on Configuration/Options/File Path is chosen and the red button is then pressed to record
3.8.2. 56299fig3large.jpg: Show the figure
3.9. Afterward, disconnect the head stage from the implanted microelectrode unit and connect the cap protection [1-MED-over the shoulder]. Following that, return the rat to its home cage [2-MED]. 
3.9.1. *Film as written
3.9.2. *Film as written

4. Results: Qualitative comparison between a multi-unit signal recorded extracellularly with the TWS and a wired recording setup 
4.1. Shown here is a completely integrated wireless system developed by us which consists of recording single electrode/tetrode, stimulation electrode, electrode fiber connection board, flexible connection cables, ground wire, connector board, male or female connector for TWS [1-LM]; TWS microelectrode unit connected to the preamplifier and the holder for attaching to a stereotaxic frame [2-LM].
4.1.1. 56299fig1large.jpg: Show Figure 1 A. Add the numbers from “1” to “7” sequentially
4.1.2. 56299fig1large.jpg: Show Figure 1 B. Add the numbers “8”, then “9”
4.2. Extracellular multi-unit activity was successively recorded in the inferior colliculus from the same implanted electrode using TWS and a conventional tethered recording system. This figure shows representative raw data recorded using both systems while the animal was freely moving in an open field [1-LM]. Here, direct comparison of the signals suggests similar spike waveforms and noise levels [2-LM].
4.2.1. 56299fig5large.jpg, Fig 5 MeloThomas_JoVE (1).tiff: Show figure 5A, 5B
4.2.2. 56299fig5large.jpg, Fig 5 MeloThomas_JoVE (1).tiff: Show Figure 5C

5. Conclusion (said by authors on camera)
5.1. Liana Melo-Thomas: Here we presented a wireless recording and stimulation system for electrophysiological and behavioral studies in freely moving animals.
5.2. Liana Melo-Thomas: Our approach has several advantages over existing ones:
5.3. Liana Melo-Thomas: Firstly, the system uses a single portable head-stage equipped with a preamplifier and a rechargeable battery. The head stage is light and compact, weighing 12g including battery.
5.4. Liana Melo-Thomas: Secondly, it was well tolerated by the animals and for that it can be used to replace the tethered system since it does not restrict the animal’s mobility.
5.5. Liana Melo-Thomas: Thirdly, through simultaneous bidirectional recording and stimulation of neural activity, the system provides a sophisticated tool to assess the causal relationships between specific brain activation patterns and behavior.
5.6. Liana Melo-Thomas: Finally, we have developed a chronically implantable microelectrode unit that can be easily implanted during a conventional stereotaxic surgery. After watching this video, you should have a good understanding of how to implant the microelectrode unit and perform electrical stimulation and extracellular neural recordings. 
5.7. Liana Melo-Thomas: TWS is a useful tool to investigate deep brain stimulation mechanisms. Since we can combine stimulation and recording single neurons activity one can assess whether chronic or acute deep brain stimulation interferes on electrical activity in defined neural circuits.
5.8. Liana Melo-Thomas: TWS is an important tool that can be combined with a broad set of behavioral tasks in order to investigate how electrical activity, in defined neural circuits, generates certain forms of behavior, a fundamental question in neuroscience.
   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
Before 2.1 Surgery: please use Figs. 1A, 2, 3 and 4 to build some movie or drawing.

2.1 to 2.10- a movie must be showed explaining the surgery. 

4.1-Please show behaviors from items 3.4 and recordings from item 3.8 and Fig.3 (or a software demonstration) as behavioral results.


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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