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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____Yes____ If yes, please list make and model of your microscope: ___Olympus SZX7 with camera port adapter U-TV 0.5x C-3_____________
B.   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 steps___step 2.1, step 2.4, step 3.1, step 3.11, step 5.1, and step 5.4_____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __Making sure not to damage the microwires (especially tetrode wire). We handle the wires as few times as possible and take great care when making connections to them_______
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to build a microdrive that can be used for brain recordings in mice while they move freely within an experimental chamber.  (Intro)
This is accomplished by first preparing a bundle of four microelectrodes into a tetrode. (P1: Start by showing 4 single wires on the screen, then animate them spinning into a “bundle” – that is the lower section of the right-hand figure is the four wires wrapped around each other. Can the lower section of all four wires merge together and the upper four wires stick out at the sharp angle shown. The line of the “merge” moves up the bundle from bottom to top.)
The second step is to construct the base of the microdrive and assemble the drive components. (P2: Combine the single pieces in the left most image of P2 into the final rightmost image in P2)
Next, the tetrodes are attached to the drive and are connected to gold pins. (P3: The P1 bundle of wires (the tetrode) is placed into the P2 image as shown in P3, Then the wires curveto touch the “gold pins”.)
The final step is to gold-plate the tip of the tetrodes to lower their impedance and insure high signal to noise recordings. (P4: Pour the gold solution into the container (middle two images) and then connect the device together (far left).  Next, dip the end of the wires into the mixture. The wire shown is actually the same wire coming from the device, but is “broken” for the image.. If possible, have the wire that is dipped into the gold solution the same wire that is coming off of the device.)
Ultimately, chronic microdrive arrays are used to record the neural activity of populations of neurons as well as single neurons in awake, behaving animals. (P5: LABMEDIA: video_LFPs.mp4; video_spikes.mp4)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. Patricio Huerta:  The main advantage of this technique is that it offers a fairly inexpensive and lightweight solution for chronic brain recordings from mice and other small animals.   
1.2. Eric Chang: This technology can address key issues in the field of neuroscience, such as how neurons encode signals during the performance of cognitive tasks. 
1.3. Stephen Frattini: We regularly apply this technique to record from neurons in the dorsal hippocampus and subiculum, but we have also obtained stable recordings from deeper brain centers, like the amygdala.    

1.4. Sergio Robbiati: Visual demonstration of this method is critical as some of the construction and assembly steps are difficult to learn, and also because you are dealing with very small and delicate parts.   

Protocol (read by voice talent at JoVE):
2. Tetrode Fabrication
2.1. To begin tetrode fabrication for the hippocampus, cut 30 cm of insulated 12.5 µm diameter core platinum-iridium wire. Fold the wire twice to form four parallel wires, each 7.5 cm in length. 
2.1.1. MED: Talent cuts the wire to make a tetrode.

2.1.2. CU: Talent folds the wire.
2.2. Next, attach a rubber-coated clip near the bottom of the draped wire and attach it to the motorized Tetrode Spinner, making sure that the wire is taut, but not too taut or bearing weight as this will cause it to break during the spinning process.
2.2.1. CU: Talent attaches the clip to the wires

2.2.2. MED: Talent connects the wires to the Tetrode Spinner.
2.3. Apply 80 clockwise rotations to wind the tetrode, followed by 20 counter-clockwise rotations in order to release tension. The final number of rotations per length of wire should be 8 rotations per micron.
2.3.1. CU: Tetrode Spinner wraps the wires with 80 clockwise rotations and then 20 counter-clockwise rotations.
2.4. Next, set the heat gun to 400 degrees Celsius and use it to fuse the wires together.  Run the heat gun up and down the length of the wires for 5 seconds, keeping it approximately 2 cm from the wire at all times to gently melt the VG bond coating on the wires.

2.4.1. CU: Talent turns on the heat gun to setting #1 (400 °C).

2.4.2. MED: Talent runs the heat gun up and down the wires.

2.5. Cut the top of the tetrode to form four separate wires and then release the bottom end from the clip. Place the completed tetrode in a dust-free holding box for storage until the drive has been completed.
2.5.1. CU: Talent separates the wires of the tetrode.

2.5.2. MED: Talent places the tetrode in a storage box.
3. Custom Microdrive Assembly  

3.1. First, construct the base for the Microdrive by sanding a 20 mm square piece of Plexiglas acrylic that is 5 mm thick into a shape that will allow the mouse to move freely with the drive after it is implanted on the head.
3.1.1. MED: Talent grabs a new Plexiglas square.

3.1.2. CU: Talent finishes sanding the Plexiglas into the correct shape and displays it for the camera.
3.2. Next, solder two 3.3 x 6.3 mm brass guides together perpendicularly. The vertical brass guide will hold the drive screw and electrodes, while the horizontal piece will be glued into the acrylic base.
3.2.1. CU: Talent solders the brass guides together.
3.3. Then, begin assembly of the drive itself by passing a fillister head brass screw through the top of the guide and into a Delrin plastic block.   Thread a hex brass nut onto the screw until the nut is nearly touching the bottom of the guide, however, do not tighten it fully.

3.3.1. CU: Talent passes the screw through the guide and into the plastic block, then adds a nut to secure it in place.

3.4. Instead, melt a small amount of solder in order to join the nut and the screw but be careful not to solder anything to the guide. Rotating the screw should move the Delrin block clockwise and counterclockwise vertically along the thread.

3.4.1. CU: Talent solders the nut onto the screw.

3.4.2. CU: Talent rotates the screw to move the Delrin block up and down the threads.

3.5. Once the drive has been assembled, go back to the acrylic base and cut a 3 mm wide slot where the electrode drive will be. Then, pass the horizontal brass guide through the slot and then use cyanoacrylate glue to secure the piece to the base. 

3.5.1. CU: Talent cuts a 3 mm wide slot for the electrode

3.5.2. CU: Talent inserts the brass guide and secures it into place with glue.

3.6. Next, place an electronic interface board on top of the base and mark the locations of the two screw holes. Using a 1.5 mm tip drill bit, carefully drill holes at the marks for screws that will hold the EIB in place on top of the base. Then, thread two brass screws into the holes. 
3.6.1. CU: Talent aligns the board and base and then marks the location of the screw holes.(TEXT: Electronic Interface Board (EIB))
3.6.2. CU: Talent drills the holes

3.6.3. CU: Talent threads the brass screws into the freshly drilled holes.
3.7. Use micro dissecting scissors to cut four 7 mm long pieces of polyamide tubing. Line them up next to each other on a piece of folded laboratory tape and apply cyanoacrylate to join them together. Allow enough time for the joined tubes to dry fully.
3.7.1. CU: Talent cuts 7 mm long tubes.

3.7.2. SCOPE: Talent places the tubes 1 at a time onto the tape, and then joins them with glue.

3.8. Next, carefully dab a small amount of cyanoacrylate on the Delrin face then place the four joined tubes on the glue. Again, allow enough time for the glue to set completely before attempting to move the drive.  

3.8.1. CU: Talent adds glue to the delrin face and places the tubes in it.

3.9. Test that the polyamide tubes are securely attached and that the entire assembly moves smoothly without touching the guide or meeting any resistance. 
3.9.1. CU: Talent moves the assembly to test it as mentioned above.

3.10. Next, prepare the ground screw and connect the ground wire to the EIB as described in the accompanying text protocol. 

3.10.1. CU: Talent attaches the ground wire.

3.11. Connect tetrodes and/or single electrodes to the EIB by first passing the wires through the polyamide tube allowing them to extend at least 2.0 mm past the end of the tube.  Then, apply a small drop of cyanoacrylate, affixing the wire to the tube and preventing any wire movement. 

3.11.1. CU: Talent passes wires to be used through the tubing and glues them into place.

3.12. Next, connect the loose ends of the tetrode or other wires to an EIB channel hole using a gold pin. Finally, trim off any excess wire with fine scissors. 

3.12.1. CU: Talent connects the wires to each channel using the gold pins and trims off the excess.

3.13. Shown here are examples of other drive configurations that can be constructed to target different brain regions. 
3.13.1. “ExampleDrive-Double-1.jpg” (Video Editor, please show all three images – this and the next two – at the same time.)
3.13.2. “ExampleDrive-Double-2.jpg” 
3.13.3. “ExampleDrive-FrontalCtx-1.jpg” 

4. Tetrode VersaDrive Assembly

4.1. To begin versadrive assembly, cut the polyamide tubing to 10 mm and guide it through the smallest hole on a tetrode carrier until it extends 0.5 mm past the end.  Then epoxy the polyamide tube in place and repeat these steps for the three other tubes and carriers. 
4.1.1. MED: Talent cuts the tubing to 10 mm

4.1.2. CU: Talent guides it into its hole and epoxies it into place.

4.2. After the epoxy has fully set, guide each polyamide tube through one of the four holes on the VersaDrive base. Then, push an insect pin through the outer hole; this will hold the tetrode carrier in line and serve as a rail for the carrier to travel on. Repeat this for the three other carriers.

4.2.1. CU: Talent guides the tube into the hole on the VersaDrive base.

4.2.2. CU: Talent pushes the pin into place for each of the carriers.

4.3. Next, take a cap and line it up with the four insect pins so that the cap covers the base and the tetrode carriers reside within the cap. Thread a 1 mm x 5 mm machine screw through the appropriate hole in the cap and into the tetrode carrier. Repeat this for the other three screws.

4.3.1. CU: Talent lines up the cap and pins.

4.3.2. CU: Talent threads the screw in the correct position described above.

4.4. Turn all of the screws clockwise until tetrode carriers are at their top position and the polyamide tubes are visible through the cap opening. Using fine micro dissecting scissors, cut the tubing just below the base so that all four polyamide tubes are of the same length.

4.4.1. CU: Starting with the tetrode carriers in a low position, screw the screws clockwise until they’re at the top position

4.4.2. CU: Trim the tubing below the base to line up the length of all the tubes.

4.5. Next, use a dissecting microscope to carefully thread the tetrodes through the polyamide tubes and secure them in place with a small drop of cyanoacrylate. Then, cut the tetrodes so that they only extend 2.0 mm past the tubes.

4.5.1. MED: Talent looks through the dissecting microscope

4.5.2. SCOPE: Talent threads the tetrodes through the polyamide tubes and glues them in place.

4.5.3. CU: Talent cuts the tetrodes so that they only extend 2.0 mm past the tubes.

4.6. Before connecting the tetrode wires to the gold receptacles, first connect the ground wires to the cap. Next, guide all the loose tetrode wires through their respective receptacle holes on the cap and install the cap by lining up the insect pins holes and press fitting to the base. 

4.6.1. CU: Talent connects the ground wires to the cap, which is sitting in the VersaDrive assembly jig.

4.6.2. CU: Talent guides the wires to the correct pin holes and press fits them to the base.

4.7. Finally, trim any excess wire that remains protruding from the top of the cap. 


4.7.1. CU: Talent trims the excess wires. 
5. Gold-plating of Electrode Tips 
5.1. First, turn the microdrive screws counter-clockwise to their lowest position. Then, securely mount the microdrive on a clamp that will allow lowering of the electrode tips into the gold plating solution.
5.1.1. CU: Talent turns the Microdrive screws to lower the tetrode carriers.

5.1.2. CU: Talent clamps the Microdrive in place.
5.2. Fill one Delrin tower with SIFCO Gold solution and the other tower with distilled water and lower the electrode tips into the gold solution.
5.2.1. MED: Talent pours the gold solution into the Delrin tower and water into the other.

5.2.2. CU: Talent lowers the electrode tips into the gold solution.
5.3. Next, open the nanoZ program and click on “DC Electroplate”.  Set the mode to “match impedances, the plating current to -1.0 µA, the target to 350 kΩ at 1004 Hz.  Then, set it to run 5 times at 5 second intervals with a 2 second pause in-between each run. 
5.3.1. MED Over the Shoulder: Talent opens the program and sets the conditions in the order listed above.
5.4. Once the program is set up, click “Autoplate”. The program will first read the impedance of each channel, then apply the specified current to that channel, re-test the impedance and apply current as needed until the Target impedance, or a lower value, is reached.
5.4.1. MED Over the Shoulder: Talent starts the program.

5.4.2. SCREEN: Show the program running and displaying the impedance of each channel during the process.

5.5. If the impedance drops below 100 kΩ, reverse the current polarity to +1.0 µA to remove excess gold particles, and then repeat the electroplating. Typical final impedance values on a bundle of four 12.5 µM wires range from 150 – 325 kΩ.
5.5.1. MED Over the Shoulder: Talent sets the conditions to reverse the polarity, then sets it to re-plate the wires.
5.6. Once all channels have been plated to an acceptable impedance level, close the nanoZ program and disconnect the device. Then, raise the electrodes out of the plating solution and lower the tips into the distilled water Delrin tower to rinse off excess gold particles.  
5.6.1. MED Over the Shoulder: Talent closes the program and disconnects the device

5.6.2. CU: Talent removes the electrodes from the solution and rinses them in DI water.
6. Results: Representative local field potentials and single-unit spike waveforms
6.1. Representative neural recordings using the Microdrive to measure local field potentials from the mouse dorsal subiculum are shown here.

6.1.1. LABMEDIA: Figure 2 (A and B) (Video Editor: Begin by showing both A and B on the screen together.)

6.2. The four channels shown in part A are an example of a poorly grounded signal that results in saturated values and extremely noisy signals.

6.2.1. LABMEDIA: Figure 2a (Video Editor: Start with the image in 6.1.1 then zoom in on figure 2a)

6.3. The four channels shown in part B, however, are a good example of a well-grounded signal with clearly visible network oscillations in the theta range of 4 to 12 hertz.

6.3.1. LABMEDIA: Figure 2b (Video Editor: Start with the image in 6.2.1 then zoom out to show both figure 2a and 2b again, then zoom in on figure 2b)

6.4. On the left is an example of a poor tetrode recording because the four electrode wires have registered essentially identical spike waveforms. Over a thousand individual spike waveforms were overlaid on top of each other for each channel of the tetrodes.

6.4.1. LABMEDIA: Figure 2c (Video Editor: Highlight the left part of the image)

6.5. This pattern was likely due to the fusing of the wires together during the insulation melting step of tetrode fabrication, causing the bundle of wires to effectively act as a single recording electrode.
6.5.1. LABMEDIA: Figure 2c

6.6. On the right is an example of a good tetrode recording showing overlaid spike waveforms from a putative unit with different amplitudes across the four tetrode wires. This type of spike recording pattern allows for improved unit discrimination during subsequent offline clustering and separation.
6.6.1. LABMEDIA: Figure 2c (Video Editor: Highlight the right part of the image)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera) 
7.1. Sergio Robbiati: After constructing these microdrives, it’s important to test each of your electrode channels to make sure they are within the proper impedance range before moving onto the implantation surgery.  
7.2. Stephen Frattini: After watching this video, you should have a good understanding of how to construct tetrodes and microdrives for chronic in vivo recordings in mice. Happy building and good luck with your experiments!
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, 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.

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, as well as an introduction to your videographer, closer to your filming date.
( 2012, Journal of Visualized Experiments


