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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: Leica M80 and M60 stereoscopes
B.   Software Usage: Does your protocol include detailed descriptions of software usage? Y – one step added at author script review stage. 
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.) 
Step 2.2; 4.3; 4.6; 4.8; 5.3
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. (Please do not list entire sections.) 
The craniotomy, the removal of dura Matter and the probe insertion are the most difficult steps (Steps 5.3 and 5.6). 
It is recommended to practice several time the craniotomy and removing the Dura matter before trying implanting a silicon probe. 
The silicon probes are very thin and easy to break. The dura has to be removed and the surface of the brain should be cleaned from blood and dura matter residues, otherwise the silicon probe will not penetrate in the brain.
The surface of the brain should always stay moist with saline.
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. 3 meters. 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to implant chronic silicon probes in the mice hippocampus and to record place cell activity in mice that are running head-fixed in a cue-enriched treadmill (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Farnaz Sharif: This method can help answer key questions about the underlying mechanisms of place cell activity. However, it could be applied to a wide range of other systems. 
1.2. Farnaz Sharif: The main advantage of silicon probes is that hundreds of place cells can be monitored simultaneously, with temporal resolution of single action potential, and with information about cells spatial configuration. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Anvar Sariev: Visual demonstration is critical as it involves a series of manual steps that are delicate and that need to be practiced.   
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Korea Institute of Science and Technology.
Protocol: (read by voice talent at JoVE)
2. Preparation of the Probe 
2.1. Begin probe preparation by carefully detaching the probe from the shipment enclosure [1-MED]. While working under a binocular microscope, use a flat alligator clip with rubber padding [2-MED-over the shoulder] to grab the flex cable of the silicon probe and lift it from the enclosure while holding the enclosure with forceps [3-SCOPE]. 
2.1.1. Talent at bench with the probe. A microscope is visible. Talent removes outer packaging from the probe. 
2.1.2. Talent places the shipment enclosure containing the probe on the stage of the microscope, picks up a flat alligator clip and forceps that are next to the scope, and looks through the oculars of the microscope. 
2.1.3. *film as written. 
2.2. Fix the alligator clip to a manipulator [1-CU]. Then use the manipulator to lay the silicon probe on the micro-drive slider, parallel to the direction of movement [2-CU].
2.2.1. Talents hands fasten the alligator clip to a manipulator. 
2.2.2. *film as written. 
2.3. Apply a drop of room temperature-curing acrylic dental repair material to fix the probe to the slider [1-MED-TXT]. Correct the probe position if it has shifted [2-CU]. 
2.3.1. Talent applies acrylic dental cement to the interface of the probe and slider. TEXT: Glue is not recommended as it cures very fast and makes it difficult to readjust the electrode position.
2.3.2. Talent makes a minor adjustment to the position of the probe. 
2.4. Fix the connector of the probe to the connector holder with dental cement [1-CU]. 
2.4.1. *film as written. 
2.5. Then fix the microdrive and probe assemblage on the probe-cleaning device which is equipped with two small rotating foam sponges [1-MED-over the shoulder]. Adjust the gap using the manipulator [2-CU]. 
2.5.1. Talent fixes the Microdrive/probe to the probe cleaner. Please ensure that the two small sponges are visible in shot. 
2.5.2. Talent moves the manipulator and the size of the gap changes. 
2.6. Soak the sponges with detergent [1-MED]. Then monitor the cleaning process under a microscope [2-MED-over the shoulder] while slowly and gently moving the probe up and down between the sponges [3-SCOPE]. 
2.6.1. Talent applies detergent to each sponge. 
2.6.2. Talent moves the surgical microscope into position and looks through the oculars. 
2.6.3. Footage of the probe being cleaned by the sponges. 
3. Fixation of a 3D-Printed Hat to the Skull
3.1. Begin by installing an anesthetized mouse in a stereotaxic apparatus [1-MED]. Place a nose cone to administer 1.5 to 2% isoflurane [2-MCU-TXT]. Apply eye ointment to the eyes [3-CU]. Then, after shaving the scalp, clean the head of the animal with antiseptic [4-CU-TXT]. 
3.1.1. Talent finishes placing an anesthetized mouse into the stereotax this is conveyed by tightening the nose screws or ear bars or a similar action. 
3.1.2. MCU = medium close-up. Between a MED shot and a CU shot. The nose cone is placed over the nose of the mouse in the stereotax. TEXT: Adjust during surgery as per animal state, breathing rate, and body temperature. 
3.1.3. Eye ointment is applied to both eyes of the mouse. 
3.1.4. The scalp of the mouse is swabbed with antiseptic. TEXT: Lodopovidone is used here. 
3.2. Inject buprenorphine under the scalp for analgesia [1-MED-over-the shoulder-TXT]. Then check for a surgical plane of anesthesia by the absence of a reaction to a paw pinch [2-CU]. 
3.2.1. Talent performs the injection into the scalp. JOVE0644.MOV slated as 3.1.4., but it’s 3.2.1. TEXT: 0.1 mg/kg buprenorphine. 
3.2.2. Talent’s hand performs a toe pinch on the hind paw and no reaction is seen. 
3.3. Next, cut and remove part of the parietal skin of the mouse head using fine scissors to expose the skull at its edges [1-CU]. Use saline and a hemostatic sponge to clean and control bleeding during the surgery [2-MED]. 
3.3.1. The cut is made to remove part of the parietal skin. Only the final cut or two and skin removal needs to be shown. 
3.3.2. Talent dabs at any blood with a hemostatic sponge. 
3.4. After removing the periosteum using a scraper tool [1-MED-over the shoulder], find bregma and lambda, and the coronal and sagittal suture reference points on the skull [2-SCOPE]. Adjust the head’s angle along the sagittal axis such that the Bregma and lambda points are at the same height [3-CU]. 
3.4.1. Talent scraping the periosteum from the skull. 
3.4.2. The final stroke of periosteum removal is made, then the scraper tool points out bregma, lambda, the coronal suture and the sagittal suture in turn. 
3.4.3. The wheel of the nose clamp is adjusted to lower/raise the nose until the skull is flat. Filmed from the side to show the leveling of the skull. 
3.5. Drill two holes in the skull for the reference and ground electrodes [1-MED-TXT]. The holes should be approximately 1-millimeter caudal and 1-milliliter lateral to lambda [2-SCOPE].
3.5.1. Talent drilling two holes in the skull. TEXT: ~0.5 mm diameter. 
3.5.2. Show the position of the holes relative to lambda. A moist swab enters the shot to remove bone particles. 
3.6. Insert the ground and reference electrodes into the holes [1-SCOPE-TXT]. Then apply ultraviolet-light bonding dentin activator on the skull [2-CU] and expose to UV light for 45 to 60 seconds [3-MED].
3.6.1. The ground electrode is placed in one hole and the reference electrode is placed in another hole. TEXT: Size 000 - 120 x 1/16 miniature stainless-steel screws wire-coupled to pin connectors. 
3.6.2. Activator is applied to the skull. 
3.6.3. Talent holds a UV light over the activator on the skull. Hold shot for a few seconds. 
3.7. Next, apply a layer of dental cement to the edges of the skull [1-CU].
3.7.1. *film as written. 
3.8. Then fix the head-plate to a stereotaxic manipulator and position it above the skull [1-MED-over the shoulder]. Slowly lower the head-plate until it slightly touches the skull, and apply dental cement at the junction with the skull [2-CU]. Let the dental cement cure for 15 minutes [3-MED-over the shoulder].
3.8.1. Talent finishes fixing the head plate to the manipulator and then moves it into position above the skull. 
3.8.2. The head plate moves downwards until it is very close to the skull then an applicator with dental cement on it comes into the shot and applies dental cement at the junction with the skull. 
3.8.3. Talent setting a timer to 15 minutes, starting it and placing it on the counter (away from the sterile surgical area). 
3.9. After removing the nose cone, fix a connector-holder and a cap to the head-plate [1-MED]. Put the mouse in its cage after giving a sub-cutaneous injection of analgesic [2-WIDE-TXT]. 
3.9.1. The connector holder and then the cap is attached to the head plate. 
3.9.2. Talent finishes injecting the mouse with analgesic and then places it in a clean cage. TEXT: 5 mg/kg Ketaprofen is used here.
4. Implantation of the Silicon Probe 
4.1. Anesthetize the mouse as before and place in the stereotaxic frame [1-MED]. After opening the skin and cleaning the skull with saline [2-CU], measure the distance to the point of insertion and mark it [3-ECU]. 
4.1.1. Talent places the mouse with the 3D printed hat affixed to its skull into the stereotax. 
4.1.2. The skull is cleaned with saline. 
4.1.3. The distance is measured and marked. 
4.2. Drill the bone carefully until it becomes thin and transparent. Moisten and clean with saline while drilling [1-CU].
4.2.1. Talent drilling the bone until it becomes thin and transparent. At one point saline is added. Video editor may need to edit this to show the beginning and the end while fast forwarding or editing out the middle portion. 
4.3. Use precision forceps to carefully remove the thinned bone and the dura matter. Keep the brain surface wet with saline all the time [1-SCOPE].
4.3.1. Forceps remove fragments of bone. Saline is added. 
4.4. Fix the microdrive and silicon probe assemblage to a stereotaxic manipulator [1-MED]. Bring the silicon probe to just above the craniotomy [2-CU], then screw the silicon probe connector holder to the head-plate [3-MED].
4.4.1. *film as written. 
4.4.2. The probe is lowered to just above the craniotomy. 
4.4.3. *film as written. 
4.5. Connect the recording amplifier and electrodes [1-CU]. Shield the mouse with aluminum foil to protect from electro-magnetic noise [2-MED]. Start the recording system to monitor the electrical activity of the brain [3-MED-over the shoulder].
4.5.1. The recording amplifier is connected to the connector holder followed by the electrodes. 
4.5.2. Talent places aluminum foil over the mouse. 
4.5.3. Talent turns on the recording system. 
4.6. Slowly insert the silicon probe into the brain using the micromanipulator [1-SCOPE/CU]. Continuously check the electrical signals, the manipulator travelled distance [2-MED-over the shoulder], and the shanks of the probe to make sure they are penetrating in the brain [3-CU]. 
4.6.1. Show the probe descending into the craniotomy. 
4.6.2. Talent using the micromanipulator while looking back and forth at the screen showing the electrical signals and the probe descending into the brain. 
4.6.3. Talent looks closely at the shanks of the probe. 
4.7. Unit activity is visible in the cortex while the white matter underneath is relatively silent. Unit activity reappears when the shanks touch the pyramidal layer of the hippocampus [1-SCREEN]. From this point, retract the silicon probe 200-microns [2-MED]. 
4.7.1. SCREEN CAPTURE: Video showing the display on the screen as the unit activity is visible (cortex), then disappears (white matter), and then reappears (pyramidal layer). To be provided by authors.  
4.7.2. Talent moving the micromanipulator to retract the probe while watching the screen. 
4.8. Cover the surface of the brain with a mixture of bone wax and mineral oil [1-CU]. Then fix the micro-drive to the head-plate using dental cement [2-MED]. 
4.8.1. *film as written. 
4.8.2. Talent adds dental cement and then fixes the microdrive to the head plate. 
4.9. After allowing the dental cement cure for 15-minutes [1-CU], detach the micro-drive from the stereotaxic manipulator [2-MED] and put the hat cap back on [3-CU]. 
4.9.1. Shot of the cured dental cement. 
4.9.2. *film as written. 
4.9.3. *film as written. 
4.10. Return the mouse to the cage after administering analgesia and monitor for any sign of pain [1-MED]. As the silicon probe needs to stabilize in the brain, allow the mouse recover an entire day before recording while the mouse runs on the treadmill [2-WIDE-TXT]. 
4.10.1. Talent places the awake mouse in the cage. Mouse moves around normally. 
4.10.2. Talent either placing the cage on a trolley and leaving the room with it, or returning the cage to its place in the rack in the housing room. TEXT: See written protocol for details of behavioral testing.
5. Probe Recovery 
5.1. Install the anesthetized mouse in the stereotaxic apparatus by fixing the head-plate [1-MED-over the shoulder]. Remove the hat cap [2-CU].
5.1.1. *film as written. 

5.1.2. *film as written.  
5.2. Bring the stereotaxic manipulator just above the micro-drive [1-CU]. Fix the micro-drive to the manipulator [2-MED]. Unscrew the connector holder from the head-plate [3-CU]. Remove the screw connecting the shell and body of the micro-drive [4-ECU].
5.2.1. The manipulator moves into position just above the microdrive. 
5.2.2. *film as written. 
5.2.3. The screw is removed. 
5.3. Under binocular microscope supervision [1-MED], slowly pull up the microdrive and silicon probe assemblage with the stereotaxic manipulator, leaving the shell part behind [2-SCOPE-TXT]. 
5.3.1. Talent moves the microscope into position and looks through the oculars. 

5.3.2. *film as written. TEXT: Mouse can be euthanized for tissue retrieval after probe removal. 
6. Results: Chronic Recording of Place Cells
6.1. This is a color-coded representation of place fields for a cell recorded on day one of treadmill running after probe implantation [1-LM]. Some cells showed repeated place fields correlated with the identity of the cues [2-LM]. 
6.1.1. LAB MEDIA: 56438_Royer_Figure2A_place_fields (top image)
6.1.2. LAB MEDIA: 56438_Royer_Figure2A_place_fields (top image). Video Editor please place two contrasting boxes around the upper and lower images where the stripes of yellow cells (lower image) and 6 green prongs (upper image) are seen.  
6.2. This is the spike auto-correlogram for the cell [1-LM]. 
6.2.1. LAB MEDIA: 56438_Royer_Figure2A_correlogram (bottom left image) 
6.3. ...and this image shows the spike waveforms for the cell example recorded on day one [1-LM].  
6.3.1. LAB MEDIA: 56438_Royer_Figure2A_ (bottom right image) 
6.4. This image shows the color-coded representation of place fields for a cell recorded on day five after repeated exposure to the belt [1-LM]. Cells here showed a unique place field [2-LM]. 
6.4.1. LAB MEDIA: 56438_Royer_Figure2C_place_fields (top image)
6.4.2. LAB MEDIA: 56438_Royer_Figure2A_place_fields (top image). Video Editor please place one contrasting box around the upper and lower images where the stripe of yellow cells (lower image) and 6 green prongs (upper image) are seen.  
7. Conclusion (said by authors on camera)
7.1. Anvar Sariev: Once mastered, each surgical procedure takes about 1 hour. Special care should be given to the craniotomy and dura mater removal to avoid any brain damage. Always keep the tools and surgery area clean and aseptic, and monitor the animal well being during and after the surgeries.
7.2. Farnaz Sharif: After watching this video, you should have a good understanding of how to implant chronic silicon probes in the hippocampus and how to record place cell activity. 
Provided Media

7.1.1 - 56438_Royer_Figure2A_place_fields.ai - color-coded representation of place fields for a cell recorded on day one
7.2.1 - 56438_Royer_Figure2A_correlogram.ai - spike auto-correlogram for the cell example recorded on day one
7.3.1 - 56438_Royer_Figure2A_.ai - spike waveforms for the cell example recorded on day one
7.4.1 - 56438_Royer_Figure2C_place_fields.ai  - the color-coded representation of unique place field for a cell recorded on day five
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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