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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Zeiss Stereo Discovery v8
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
4.1., 4.2., 4.5., 4.8., 5.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.1. the brisk insertion into brain without the polymer devices detaching from the shuttle is difficult. The array-shuttle must be kept dry and high enough above the insertion site while verifying it will indeed enter at the desired location.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

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

1.1. Hannah R. Joo: The method allows large distributed neuronal populations to be monitored over days, weeks, or months, putting questions of how these populations change and support cognitive functions within reach [1]. 

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

1.2. Hannah R. Joo: The implantation of multiple polymer devices and related implant construction combine to make a recording platform capable of high channel count, multi-region, long-term, continuous, and stable recordings [1].

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

Introduction of Demonstrator (Said by you on camera):

1.3. Loren M. Frank: Demonstrating the procedure will be Clay N. Smith, a technician from my laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Section - Protocol
2. Polymer Electrode Array Preparation
2.1. To prepare the polymer electrode arrays for insertion, insert a screw through aligned, vertically-oriented holes in two pieces of polymer to lock the pieces together [1] and hold the pieces in a vice [2].
2.1.1. WIDE: Talent inserting screw
2.1.2. Talent placing pieces into vice
2.2. Attach double-sided tape to the top of the second piece [1] and attach the stabilizing piece to the end of the first piece [2]. The stabilizing piece will be held in place by friction [3].
2.2.1. Tape being placed 
2.2.2. 4th piece being attached to 1st piece
2.2.3. Shot of piece 4 attached to piece 1
2.3. Manually align the electrode array [1] and attach the insertion shuttle with the narrow end segment of the first piece [2].
2.3.1. Talent aligning array
2.3.2. Insertion shuttle being attached
2.4. When the probe is aligned with the longitudinal axis of piece 1 [1], adhere the array connector to the polyimide double-sided tape on the flat portion of piece 2 [2].
2.4.1. Shot of probe aligned with piece 1
2.4.2. Array connector being adhere to piece 2
2.5. With plastic tipped forceps, contacting only the polyimide wing attached to the array ribbon [1], lift the insertion shuttle-electrode array device tip from piece 1 to the exterior of the stabilizing piece [2].
2.5.1. Forceps grasping wing
2.5.2. Device tip being lifted to exterior of stabilizing piece
2.6. Apply 10 microliters of a suitable adhesive to the end of the first piece [1] and, using the plastic-tipped forceps to contact only the polyimide wing attached to the array ribbon [2], use the square tab of the insertion shuttle to re-align the device with the narrow segment of piece 1 [3].
2.6.1. Adhesive being applied to first piece
2.6.2. Wing being grasped
2.6.3. Tab being used to re-align device
2.7. Manipulate the side of the silicon shuttle or the PEG (pronounced like the word “peg”) to make small alignment adjustments, taking care to avoid applying excessive force to the ribbon or shanks [1-TXT].
2.7.1. Shuttle being manipulated TEXT: PEG: polyethylene glycol 
2.8. Then use the forceps to apply gentle downward pressure on both sides of the stabilizing piece [1] and remove the stabilizing piece from the assembly without moving the array [2].
2.8.1. Pressure being applied to piece
2.8.2. Piece being removed
3. Micromanipulator Preparation
3.1. Next, set the micromanipulator of the first piece to an extended position [1] and load the first two pieces onto the retraction micromanipulator piston [2]. 
3.1.1. WIDE: Talent loading pieces onto piston Micromanipulator being extended
3.1.2. Micromanipulator being extended WIDE: Talent loading pieces onto piston (Author Comment: was previously 3.1.1 but is correct in it’s placement now)
3.2. Set the micromanipulator of the third piece to a retracted position [1]. The piston will slide to a terminal depth inside of piece 1 [2].
3.2.1. Micromanipulator being retracted
3.2.2. Piston being slide to terminal depth
3.3. Fit the second piece within the top portion of piece 3 with the holes aligned [1] and load piece 3 onto the insertion micromanipulator piston [2]. 
3.3.1. Second piece being fit w/in top of piece 3
3.3.2. Piece 3 being loaded onto piston
3.4. Screw the pieces in place on the underside of piece 3 [1] and load and screw pieces 2 and 3 together [2] so that moving the insertion micromanipulator will move the whole insertion apparatus [3].
3.4.1. Screw being inserted
3.4.2. Pieces being loaded and/or screwed
3.4.3. Micromanipulator/insertion apparatus being moved 
3.5. Remove the screw that holds pieces 1 and 2 together [1]. [2], [3].
3.5.1. Screw being removed
3.5.2. Piece 1 moving independently of Piece 2 (Move below 3.6.2)
3.5.3. Insertion shuttle being retracted (Move below 3.6.2)
3.6. Then insert the screw into the lateral hole of piece 1 perpendicular to the piston track until the screw applies pressure on the piston [1-TXT] to ensure that piece 1 moves in accordance with the retracting piston [2]. Piece 1 should move independently of Piece 2 [3], allowing a separate retraction of the insertion shuttle from the apparatus [4].
3.6.1. Screw being inserted TEXT: Select lateral hole that will not impede vision when apparatus is mounted
3.6.2. Piece 1 moving with retracting piston
3.5.2. Piece 1 moving independently of Piece 2
3.5.3. Insertion shuttle being retracted


4. Serial Array Insertion 
(Author Comment: EDITORS: note that all microscope shots are upside-down and should be flipped such that the top of screen is at bottom.)
4.1. When the device construction is complete, viewing the insertion under a stereomicroscope, quickly lower the stereotactic instrument at 25-micrometers/second [1-TXT].
4.1.1. WIDE: Talent lowering instrument, with microscope visible in frame Videographer: Important/difficult shot/More Talent than rat in shot TEXT: See text for rat preparation/anesthesia details
4.2. The device will not penetrate the brain immediately. The degree of resistance and dimpling will depend on the target location and the device design [1-TXT].
4.2.1. SCOPE: Shot of device at brain, then dimpling occurring Videographer: Important shot TEXT: Dimpling should not exceed 1 mm
4.3. Once the device has penetrated the brain, switch the micromanipulator speed to 10 micrometers/second [1] and lower the device to 1-2-millimeters above the target depth, visualizing the device wings and the point of insertion during lowering to avoid premature shuttle-array detachment [2].
4.3.1. CLOSE UP: Talent adjusting speed Videographer: More Talent than rat in shot (Author Comment: We also took a wide shot of this)
4.3.2. SCOPE: Device being lowered 1-2 mm above target depth Video Editor: please emphasize/indicate device wings and point of insertion when mentioned
4.3.3. [Added Shot]: CLOSE UP: Device being lowered 1-2 mm above target depth (Editor: Not sure when the authors want this shown. Perhaps during “…visualizing the device wings and the point of insertion during lowering to avoid premature shuttle-array detachment.”?)
4.4. When the device reaches between 1 and 0.5 millimeters above the target depth [1], slow the insertion to 5 micrometers/second [2] and then, when the device is 500 micrometers away from the target, slow the insertion to 1-2 micrometers/second [3].
4.4.1. SCOPE: Shot of device at 0.5-1 mm above target depth
4.4.2. CLOSE UP: Speed being adjusted (Author Comment: We also took a wide shot of this)
4.4.3. SCOPE: Device being lowered for last 500 micrometers
4.5. When the target depth is reached [1], dry the attachment point on the base piece as necessary [2-TXT] and then anchor both polyimide wings to the base piece attachment sites with a suitable adhesive [3].
4.5.1. SCOPE + CLOSE-UP: Shot of device at target depth Videographer: Important shot
4.5.2. SCOPE + CU: Piece being dried
4.5.3 SCOPE: Adhesive being applied to both wings Videographer: Important shot TEXT: Optional: Anchor single wing if visibility or space constrains (Author Comment: The piece is first dried and then the wings are attached using light-cure acrylic.)
4.6. Prior to dissolution, the PEG will appear as a globular mass sitting atop the array and the insertion shuttle interface [1].
4.6.1. SCOPE + CU: Shot of PEG
4.7. To dissolve the PEG, gently drip body-temperature saline on the array at the point at which the PEG is adhered to the shuttle [1].
4.7.1. SCOPE: Saline being dripped onto PEG
4.8. When the PEG has fully dissolved, the boundaries of the array will be discernable from the shuttle and piece 1 [1].
4.8.1. SCOPE: Shot of dissolved PEG/array boundaries Videographer: Important shot (Author Comment: During the shot we outlined where the edge of the array is with forceps. This should only be used to guide the editors in detecting the edge of the array, which should be indicated with an arrow on the screen. If the separation is not visible, the text of 4.8 should be edited to read “When the PEG has fully dissolved, the array will no longer be connected to the shuttle.”)
5. Shuttle Retraction and Implant Construction
5.1. When the array is in place, use the retraction micromanipulator to slowly withdraw the insertion shuttle [1], continuing to apply individual drops of saline onto the array as it is being retracted at the same retraction rates as the device was inserted, observing the interface between the array and the insertion shuttle during the retraction [2].
5.1.1. WIDE: Talent setting retraction speed Videographer: More Talent than rat in shot
5.1.2. SCOPE: 12-15 s Device being retracted Video Editor: please emphasize interface when mentioned
5.2. As it is retracted, the shuttle will visibly separate from the polymer array, which will appear translucent yellow between the shanks of the insertion shuttle [1].
5.2.1. SCOPE: Shot of polymer array separating/appearing translucent Videographer: Important shot (Author Comment: The retraction performed under the scope should show the shuttle gradually rising relative to the device. We have attached a still shot of a very retracted shuttle in addition to what was captured on video (which may not have been clear). Editors, please use this shot if it better depicts the translucent device.)
(Editor: I’ve uploaded the pictures. Please note, there are two images. One is a photograph taken through the microscope and the other is an annotated version of the same image indicating the edge of the device, which is seen to have separated from the shuttle. This image should be used if it more clearly depicts the separation of device and shuttle than the videographer's shot. The annotated version should be used as a reference to position arrows on the original image indicating the device edge.)
5.3. When the device has been fully retracted, move the array connector from piece 2 to a location that will not interfere with subsequent insertions [1]. 
5.3.1. SCOPE CLOSE-UP: Connector being removed
5.4. The polymer electrode array will be inserted in the brain and no longer connected to the stereotactic instrument [1]. Remove the insertion shuttle and other insertion hardware [2].
5.4.1. SCOPE: Shot of array w/in brain
5.4.2. MED: Talent removing shuttle and/or hardware Videographer: More Talent than rat in shot
5.5. For construction of the implant, after the final array insertion [1], empty saline from the base piece, being careful not to disrupt the implanted arrays or ribbons [2].
5.5.1. MED: Talent selecting pipette or swab [Shots 5.5.1 and 5.5.2 combined]
5.5.2. SCOPE: Saline being removed from base piece
5.6. Fill the craniectomies and the base piece with an appropriate artificial dural sealant [1] and allow the sealant to cure [2].
5.6.1. SCOPE + CU: Sealant being applied
5.6.2. SCOPE: Shot of cured sealant
5.7. Place the hardware connectors where they will not interfere [1] and, if necessary, perform multiple insertions. Appropriately orient and plug in the array connectors to the recording hardware so the ribbons are in their final desired position [2].
5.7.1. SCOPE CU: Connector being placed
5.7.2. [bookmark: _GoBack]SCOPE MED: Connector and/or implant being oriented and plugged into recording hardware



Section – Results
6. Results: Representative Single-Unit Yield and Recording Longevity 

6.1. Following this protocol, a representative 1,024-channel neural implant recording yielded 375 single units [1].

6.1.1. LAB MEDIA: Figure 9A

6.2. In this experiment, the recording longevity for a single unit was maintained for at least 160 days in data from 19 devices across three different rats [1].

6.2.1. LAB MEDIA: Figure 9B

6.3. Of the 15 functional devices, a recording yield average of approximately 1 single unit was acquired per channel [1] and individual devices had yields of only a few single units up to approximately 2 units per channel [2].

6.3.1. LAB MEDIA: Figure 9B: JoVE Video Editor please draw/add thick horizontal data line/emphasize data on a horizontal line along the 1 line from the left y-axis
6.3.2. LAB MEDIA: Figure 9B: JoVE Video Editor please emphasize at least some blue dots then indicate some red dots 





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Hannah R. Joo: (Step: 4.1.) Make sure that the array-shuttle is dry before attempting insertion. If it is not dry, there is a high likelihood that the array will detach from the shuttle during insertion [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Loren M. Frank: This technique is compatible with other recording modalities, such as microwires and other manipulations, that use electrical stimulation or optogenetics [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Loren M. Frank: This technique allows the recording of the same neurons over 7 days, allowing the exploration of questions about neuronal response stability [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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