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A.  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
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: Zeiss Stemi 508 trino
B.   Software Usage: Does your protocol include detailed descriptions of software usage? N

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 2.5, 4.3, 6.2, 6.3
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. 4.3_Organize the cannulas in a staggered, circular pattern before beginning. Check for crossover after each insertion and adjust the order if this occurs.
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? N
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to construct a recording device with multiple independently adjustable electrodes, for the examination of brain activity in freely behaving rats (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dora E. Angelaki: This method can help answer key questions in the field of systems neuroscience, such as neural correlates underlying cognitive processes like spatial navigation and decision-making. 
1.2. Li Lu: The main advantage of this hyperdrive is that it provides reliable neural recording in the brain using materials that are easy to obtain.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. J. David Dickman: Though this hyperdrive is designed for rats, it can also be applied to other animals with similar or larger body weights, such as marmoset.
1.4. Briana Popeney: Generally, individuals new to this method will struggle because of the nuance involved in the preparation of the steps. A certain level of experience and accuracy is required to develop various tricks of assembly that will result in a successful drive.
Protocol: (read by voice talent at JoVE)
2. Assembly of the Hyperdrive Core

2.1. Begin by expanding the holes in the 3D-printed core using different sized drill bits [1-MED]. Use a diameter of 0.61-millimeter for the twelve ground-wire through-holes [2-CU]. 
2.1.1. Talent at clean workbench with all the required tools and components of the hyperdrive core and for the Microdrive. Talent places the 0.6 mm bit on the drill. 
2.1.2. Shot of the ground wire holes as the drill bit enters and drills one of the holes and then is withdrawn and begins to drill another hole. 
2.2. For the eighteen tetrode through-holes, first use a 0.66-millimeter bit [1-MED] and then widen with a 0.71-millimeter bit [2-CU]. 
2.2.1. Talent drills one of the tetrode through holes. 
2.2.2. The same hole is drilled with a 0.71-millimeter bit. 
2.3. A 0.84-millimeter diameter bit is used for the eighteen guide-rod blind-holes [1-CU]. 
2.3.1. One of the guide-rod blind-holes is drilled followed by another. 
2.4. Next, thread the two through-holes on top of the core [1-MED] and the remaining eight blind-holes with a 0-80 tap. Use a bottoming tap for the blind-holes [2-MED-over the shoulder].
2.4.1. Talent threads a through hole on the top of the core and then repeats the action with the second hole. 
2.4.2. Talent switches out the taper/plug tap for a bottoming tap and then proceeds to thread one of the remaining blind-holes. 
2.5. Create external threads at the base of the core using a three-eighths 24-die. Adjust the die properly so the hyperdrive nut will fit over the new threads [1-MED-over the shoulder].
2.5.1. Talent finishes creating the external threads and then adjusts the threads. 
2.6. Depending on the desired number of ground wires, insert multiple 6-millimeter-long segments of 23-gauge metal tubing into the ground wire holes in the core, gluing them if necessary [1-MED]. File both ends of the ground wire cannulas until they are flush with the core [2-CU] and then clean the cannulas with a 0.30-millimeter diameter steel wire [3-ECU].
2.6.1. Talent inserts ground wires into the core. 
2.6.2. Both ends of a cannula are filed. Videographer – shot may need to be edited for length. 
2.6.3. Steel wire is inserted into one of the cannulae. 
2.7. Next, fully insert eighteen 0-80, 15.88-millimeter-long flat head screws head down into the slots in the core. Do not bend the screws or damage the threads during this process [1-MED].
2.7.1. Talent inserts multiple screws as described. Need ~30 seconds of footage.  
2.8. Using the rod positioning complex and the core station, position eighteen 17-millimeter segments of 0.89-millimeter-diameter welding rod over the guide rod holes in the core [1-CU] and hammer them down about 5-millimeter until flush with the screws [2-MED]. 
2.8.1. *film as written. 
2.8.2. Talent hammers down the 18 segments. 
2.9. Correct the positions of the welding rods and screws if necessary, then tighten the central shoulder screw and the surrounding six screws in the rod positioning complex to secure the outward directions of the rods in the core [1-CU]. 
2.9.1. The central shoulder screw and the surrounding six screws in the rod positioning complex are tightened. 
2.10. Screw the nut onto the core with the rod positioning complex [1-MED-over the shoulder] and fit the core into the hyperdrive holder to allow easier positioning under a stereoscope [2-MED].
2.10.1. *film as written. 
2.10.2. The core is fit into the hyperdrive holder. 
2.11. Fill the slots with dilute dental cement to secure the screws to the core. Fill 2 to 3 slots at a time before the dental cement gets too thick. Scrape away any excess dental cement on the core to maintain a proper fit with the shield [1-CU] then allow to air dry for 15 minutes [2-MED-over the shoulder]. 
2.11.1. Two or three slots are filled with dental cement and then the excess is scraped away. 
2.11.2. Talent presses start on a countdown timer set to 15 min. 
2.12. Next, glue the screws and rods into the core with thin super glue, and allow to dry for 15 minutes [1-CU].
2.12.1. Talent applies glue to the screws and rods. 
3. Assembly of the Microdrive 

3.1. Clean and expand the two outer holes in the 3D-printed shuttle with drill bits. Use a 0.61-millimeter diameter bit for the smaller hole [1-MED-over the shoulder] and a 0.89-millimeter bit for the larger hole [2-MED].  
3.1.1. Talent places a bit on the drill and then drills the smaller hole. 
3.1.2. The larger hole is drilled. 
3.2. Insert the shuttle bolt into the bolt holder base, ensuring the proper orientation [1-CU]. Then close the bolt holder lid [2-MED]. 

3.2.1. The shuttle bolt is inserted into the bolt holder base in the proper orientation.
3.2.2. Talent closes the bolt holder lid. 

3.3. Hold the bolt holder tightly and thread slowly through the hole in the lid with a 0-80 tap. Tap 2 or 3 times until smooth [1-MED]. 
3.3.1. Talent holds the bold holder steady while and then inserts the tap into the hole in the lid and threads the hole. The action is then repeated. Shot to be edited for length. 
3.4. Then insert the shuttle bolt into the shuttle from the side with the smaller opening [1-CU]. Place the shuttle-shuttle bolt complex upside-down in the microdrive assembly station base [2-MED].
3.4.1. *film as written. 
3.4.2. Talent turns the shuttle-shuttle bolt complex upside down and then places it in the microdrive assembly station base. 
3.5. Next, smooth both ends of a 15-millimeter segment of 23-gauge metal tubing [1-MED], then position the tubing over the 0.61-millimeter diameter hole, guided by the slot on the station lid [2-CU]. Hammer the cannula into the hole until the upper end is flush with the station lid [3-MED]. 
3.5.1. Talent smooths one end of the 23G tubing and then the other. 
3.5.2. *film as written. 
3.5.3. *film as written. 
3.6. Remove the outer half of the upper tip of the cannula with a sanding wheel [1-MED-over the shoulder]. Clean the cannula with a 0.30-milliliter-diameter metal wire [2-CU]. 
3.6.1. Talent at the sanding wheel with the cannula. Talent places the outer half of the upper tip of the cannula on the sanding wheel and sands it off. 
3.7. Then glue the cannula onto the shuttle using thin super glue, making sure not to glue the shuttle bolt to the shuttle [1-CU-TXT]. 
3.7.1. Glue is added to the shuttle/cannula and then the cannula is glued to the shuttle. TEXT: Air dry for 15 minutes.
3.8. Prepare at least eighteen microdrives [1-MED-over the shoulder]. Test the microdrives on the microdrive rack [2-MED]. Make sure that the shuttle bolt can rotate smoothly in the shuttle and that the entire microdrive moves freely along the length of the threaded rod [3-CU]. 
3.8.1. Talent places the just manufactured microdrive next to others laid out on the bench. 
3.8.2. Talent places a Microdrive into the Microdrive rack. 
3.8.3. The shuttle bolt is moved and seen to move freely and then the Microdrive moves freely along the length of the threaded rod. 
4. Insertion of the Guide Cannulas into the Hyperdrive 
4.1. To insert guide cannulas into the hyperdrive core begin by removing the heat-shrink tubes [1-CU] and slide a 4-millimeter segment of silicon tubing along the bundle to the soldered/unsoldered border [2-ECU]. 
4.1.1. The heat shrink tubes are removed. 
4.1.2. *film as written. 
4.2. Use a toothpick to wedge the slit in the hyperdrive spacer to widen the central hole [1-CU], allowing the spacer to slip around the silicon tube [2-SCOPE*]. Remove the toothpick when the spacer sits at the center of the silicon tube [3-MED].
4.2.1. A toothpick is placed as described. 
4.2.2. The spacer slips around the silicon tube to the center of the silicon tube. Authors – it is difficult for me to gauge what should be a close-up shot and which details need viewing under a stereoscope. If I have listed a shot as a SCOPE when it should be CU please change it if need be. Jo 
4.2.3. Talent removes the toothpick. 
4.3. Next, organize the positions of the guide cannulas in the bundle by placing 10-centimeter long segments of 0.18-millimeter diameter metal wire through each cannula into a specific tetrode hole in the hyperdrive core, preventing any crossover of the wires or cannulas in the process [1-CU]. Bend the ends of the wires to hold them in place [2-MED].
4.3.1. Wires are inserted into multiple cannulas. 
4.3.2. Talent bending the wires. 
4.4. Push the cannulas through their respective holes in the core, being careful to avoid bending or crossing between them [1-SCOPE], until the free end of each cannula is at least 2-millimeters outside the upper end of the tetrode hole [2-CU]. 
4.4.1. Multiple cannulas are pushed through individual holes. 
4.4.2. Show the core with all cannulas in position. 
4.5. Secure the spacer by screwing the nut onto the core, being careful to prevent the spacer from rotating [1-SCOPE]. Apply a drop of very dilute dental cement from the top of the core onto the junction of the cannulas to secure their relative positions [2-CU].
4.5.1. The nut is carefully screwed onto the core. 
4.5.2. *film as written. 
4.6. Cut the guide wires from the soldered end of the bundle [1-SCOPE], and remove them from the cannulas by retracting from the free end [2-CU].
4.6.1. The guide wires are cut. 
4.6.2. The guide wires are removed. 
5. Assembly of the Microdrives onto the Hyperdrive Core 
5.1. Load the microdrives slowly and carefully onto each threaded rod of the core [1-MED]. Confirm that the 23 gauge microdrive cannula goes into the tetrode hole smoothly, the 30-gauge guide cannula goes into the 23-gauge microdrive cannula smoothly [2-ECU], and the shuttle bolt turns smoothly along the threaded rod [3-CU]. 
5.1.1. Talent loads the 23 G Microdrive onto the rod. 
5.1.2. The 23 G Microdrive cannula is in place as the 30 G cannula is threaded and checked. 
5.1.3. Talent’s finger turns the shuttle bolt smoothly along the threaded rod. 
5.2. Screw the microdrives down to 1 to 1.5 mm above the lower end of the threaded rods [1-CU]. 
5.2.1. *film as written. 
5.3. Then cut eighteen pieces of polyimide tubing into 43-millimeter segments which is the length of the guide cannula bundle plus 7-millimeters [1-MED]. Clean each tube with a 0.08-millimeter diameter steel wire [2-CU].
5.3.1. Talent cuts multiple pieces of polyimide tubing into 43-millimeter segments. 
5.3.2. The 0.08 mm diameter steel wire is inserted into one of the tubes to clean.  
5.4. Invert the core [1-MED], insert the polyimide tubes carefully into the guide cannulas from the soldered end, and push them all the way in [2-SCOPE]. 
5.4.1. Talent inverts the core on the microscope stage. 
5.4.2. A tube is inserted and pushed all of the way in then the action is repeated. 
5.5. Then flip the core upright [1-MED] and glue the upper end of the polyimide tube onto the microdrive cannula with thick super glue [2-CU]. Place the core upside-down and let the glue dry for 15 minutes [3-MED-over the shoulder].
5.5.1. Talent flips the core upright. 
5.5.2. Thick glue is applied and then the tube is glued to the Microdrive cannula. 
5.5.3. Talent places the core upside down and then gets up and leaves the shot. 
5.6. After drying, cut the extra polyimide tubing at the upper end, leaving 0.5 to 1.0 millimeter outside the microdrive cannula [1-CU].
5.6.1. *film as written. 
6. Assembly of the Ground Wires
6.1. To assemble the ground wires first cut lengths of 25 to 30-millimeters from coated steel wire [1-MED]. 
6.1.1. Talent cuts the coated steel wire as described. 
6.2. Then strip 2-millimeters of the plastic insulation from both tips of the wires [1-CU] and insert one end of each into a 3 to 4-millimeter-long 30-gauge cannula [2-ECU]. Flatten this end of each cannula to secure the connection to their respective wires [3-CU].
6.2.1. *film as written. 
6.2.2. *film as written. 
6.2.3. *film as written. 
6.3. Finally, insert the round end of the 30-gauge cannula into the upper end of the ground wire cannula in the core and press to make the insertion tight [1-CU]. Then complete assembly of the multi-tetrode hyperdrive according to the instructions in the written protocol [2-BROLL]. 
6.3.1. *film as written. 
6.3.2. Talent working at bench. 
7. Results: Neural Activity Recordings from a Newly Built Hyperdrive
7.1. This scatter plot shows the relationship between peak-to-peak amplitudes of spikes recorded from two electrodes of a tetrode located in the postrhinal cortex. Each dot corresponds to one spike. Clusters of spikes are likely to originate from the same cell. Four clusters are color coded as seen here [1-LM]. 
7.1.1. LAB MEDIA: 57388_Lu_Figure5A_ left (scatter plot). Show figure. 
7.2. The mean spike waveforms from all four tetrode channels of the color-coded cells shown in the previous scatter plot are seen here [1-LM]. 
7.2.1. LAB MEDIA: 57388_Lu_Figure5A_right (the colored waveforms). Show figure. 
7.3. Traces of local field potential in the theta frequency range recorded simultaneously from four different tetrodes located in the medial entorhinal cortex when the rat was freely foraging are seen here [1-LM].  

7.3.1. LAB MEDIA: 57388_Lu_Figure5B. Show figure. 
8. Conclusion (said by authors on camera)
8.1. Briana Popeney: While attempting this procedure, it’s important to work with precision throughout the entire procedure to ensure that all parts fit together properly. Also, use care and wear proper PPE when working with the dremel tool to avoid injury.

8.2. Li Lu: After watching this video, you should have a good understanding of how to construct this improved hyperdrive carrying multiple tetrodes for chronic neural recording in behaving rats. 
Provided Media

57388_Lu_Figure5A_ left.eps
57388_Lu_Figure5A_right.eps
57388_Lu_Figure5B.eps
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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