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A.Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique?(Y/N)_____Y___  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _Nikon SMZ-2B, Nikon Labophot, Zeiss Zwischenstüke_

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N___ If yes, we will need you to record usingscreen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. _1.1, 2.2, 2.11, 2.12, 3.2, 3.4, 3.71__________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._ 3.11 see discussion __

E.  Will the filming need to take place in multiple locations? (Y/N) ___Y__ If yes, how far apart are the locations? _3 locations, all within 30 feet of each other_______________

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 monitor and localize the activity of single neurons within the sub-cortical brain structures of alert, head-restrained rats. (Intro)
This is accomplished by first acclimating the rat to body restraint in a cloth sock. (P1)
LAB_MEDIA: 51453_Moore_animation.eps (Stage 1).  Animation: Show the tube (white and grey), then add the animal’s head without all the grey bars and without the blue cylinder.
The second step is to surgically implant a head restraint apparatus and recording chamber such that the rat can be maintained in the stereotaxic plane during multiple subsequent recording sessions. (P2)
LAB_MEDIA: 51453_Moore_animation.eps (Stage 2).  Animation: Continue P1, add all the grey bars, then add the blue cylinder.
Next, the rat is placed in an appropriate jig for conducting the behavioral and electrophysiological experiments, and juxtacellular neuronal recordings are performed.  This process enables unambiguous isolation of single units. (P3)
LAB_MEDIA: 51453_Moore_animation.eps (Stage 3-6).  Animation: Continue P2, then add the needle (as shown in Stage 3), move the needle downward (as shown in Stage 4), then add the neuronal activity trace (as shown in Stage 6).
The final step is to mark the anatomical location of the recording site with Chicago sky blue dye, so that it can be visualized in post-hoc histology. (P4)
LAB_MEDIA: 51453_Moore_fig7C_script (1).eps).  
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

P1-P2
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Jeffrey Moore: The main advantages of this technique over commonly used methods, like extracellular recording with metal microelectrodes, are that spikes from single units can be isolated unambiguously and that the recording site can be revealed in post-hoc histology.   

Protocol (read by voice talent at JoVE):

2. Implanting the recording chamber and head-restraint mechanism
2.1. To begin this procedure, anesthetize the animal with a ketamine/xylazine injection [2.1.1-CU-TXT].  Check the toe withdrawal reflex to determine the plane of anesthesia, and maintain anesthesia by further administration of anesthetic if necessary [2.1.2-MED-over the shoulder].
2.1.1. CU the animal; Text: 95 mg/kg ketamine and 5 mg/kg xylazine, ip
2.1.2. Talent gives toe pinch to the animal
2.2. Shave the head and disinfect the surgical site with povidone-Iodine [2.2.1-MED-over the shoulder].  Afterward, place the rat in a stereotaxic holding frame and secure its head with ear bars [2.2.2-CU]. Make an incision with a scalpel along the midline of the cranium from the midpoint between the eyes to the back of the ears [2.2.3-CU].  
2.2.1. Talent disinfects the surgical site

2.2.2. *no comment

2.2.3. *no comment Take 1 best
2.3. Then, remove a 2 to 3 mm strip of skin on both sides of the incision [2.3.1-CU].  Scrape away the periosteum to expose the cranium extending to the lateral ridges [2.3.2-CU].  Subsequently, cover the exposed cranium with a thin layer of superglue [2.3.3-CU].
2.3.1. *no comment

2.3.2. *no comment

2.3.3. *no comment
2.4. Next, drill a small hole immediately posterior to where the bregma suture meets the lateral ridge, at a 30-45 degree angle into the cranium [2.4.1-SCOPE-TXT].  Then, screw in a 0-80 flat-bottom machine screw to the hole at a 30-45 degree angle, and be careful not to screw in too deeply to avoid damaging the underlying brain tissue [2.4.2-SCOPE-TXT].
2.4.1. Text:  Refer to the accompanying manuscript for the size of screw and drill burr
2.4.2. Text:  Approximately 3 turns
2.5. Repeat this procedure for 6 additional screws in this configuration [2.5.1-SCOPE].  After that, apply superglue to the base of all screws [2.5.2-SCOPE].
2.5.1. Show the final configuration of all the screws
2.5.2. *no comment 
2.6. Now, place a syringe needle in the stereotax manipulator [2.6.1-MED-over the shoulder].   Make a dent in the cranium with the needle at 3 mm posterior and 1 mm lateral to the bregma suture as a reference mark [2.6.2-CU/SCOPE].  Then, mark the dent with a permanent marker [2.6.3-CU/SCOPE]. 
2.6.1. *no comment

2.6.2. *no comment

2.6.3. *no comment
2.7. Subsequently, make a craniotomy centered on the desired coordinates and leave the dura mater intact [2.7.1-SCOPE].  Cover the craniotomy with modified artificial cerebral spinal fluid [2.7.2-SCOPE/CU-TXT].
2.7.1. *no comment three takes: two CU, one SCOPE
2.7.2. Text: Refer to the accompanying manuscript for the ACSF composition

2.8. Next, cut a 0.2 mL centrifuge tube into 4 to 5mm in length and cut off the cap [2.8.1-MED-over the shoulder].  Place the tube on the cranium and center it over the craniotomy [2.8.2-CU].  Then, apply dental cement around the bottom of the tube to seal the base of the tube to the cranium and be careful not to leak any cement into the exposed craniotomy [2.8.3-SCOPE].
2.8.1. *no comment

2.8.2. *no comment

2.8.3. *no comment
2.9. Now, drill another small hole in the contralateral cranial plate [2.9.1-SCOPE-TXT].  Carefully insert the reference wire that has been soldered to a pin connector [2.9.2-SCOPE-TXT].  After that, apply superglue to the hole in which the wire was inserted to keep the pin and wire in place [2.9.3-CU/SCOPE].
2.9.1. Text: ~ ½ mm diameter
2.9.2. Text: Refer to the Equipment Section in the accompanying manuscript 
2.9.3. *no comment
2.10. Then, mix the two parts of the silicone gel kit in equal portions [2.10.1-MED-over the shoulder-TXT].  Wait two minutes and fill the centrifuge tube with gel at approximately 1/3 full [2.10.2-MED-over the shoulder].  
2.10.1. Text:  See Equipment Section in the accompanying manuscript
2.10.2. Talent fills the centrifuge tube with gel at approximately 1/3 full

2.11. Attach the head plate to the head-restraint bar. Here, the bar has been attached to a right angle post clamp at a 45 degree pitch angle [2.11.2-CU]. Subsequently, attach the holding bar to the stereotax manipulator arm using the post clamp, so that the bar is parallel to the ear bars [2.11.3-CU]. 
2.11.1. *no comment Text over video: Refer to the accompanying manuscript for the design of the head-restraint apparatus.
2.11.2. *no comment

2.11.3. *no comment
2.12. Lower the bar and the plate so that the plate is posterior of the lambda suture and anterior to the caudal-most screw [2.12.1-CU].  Then, grasp the front head-bolt at an approximately 45 degree angle with a clamp, so the head of the screw faces down and towards the tail of the animal [2.12.2-CU-TXT].  After that, lower the screw to touch the cranium [2.12.3-CU]. 
2.12.1. *no comment

2.12.2. Text: See Equipment Section in the accompanying manuscript.

2.12.3. *no comment
2.13. Next, secure the bolt and plate in place with dental acrylic [2.13.1-CU].  Apply a layer of dental cement around the edges of the dental acrylic to cement the skin to the implant [2.13.2-CU].  After the cement has dried, poke several holes in the cap of the centrifuge tube [2.13.3-MED-over the shoulder], and place the cap on the tube [2.13.4-CU].
2.13.1. *no comment

2.13.2. *no comment

2.13.3. *no comment

2.13.4. *no comment
2.14. Now, remove the clamp [2.14.1-MED-over the shoulder].  Carefully remove the head-holding bar from the stereotax [2.14.2-MED-over the shoulder], then remove the head plate from the bar [2.14.3-MED-over the shoulder].  At the end, remove the animal from the stereotax and administer post-operative care and monitoring [2.14.4-MED-over the shoulder].
2.14.1. *no comment
2.14.2. *no comment
2.14.3. *no comment

2.14.4. *no comment
3. Juxtacellular monitoring of neuronal units
3.1. In this procedure, pull a pipette with the quartz capillary tubing on a carbon dioxide laser micropipette puller [3.1.1-MED-over the shoulder-TXT].  Then, secure the pipette in place under a differential interference contrast microscope equipped with a long working distance objective [3.1.2-MED-over the shoulder]. 
3.1.1. Talent pulling a pipette; Text: Tip diameter of less than 1 μm
3.1.2. *no comment
3.2. Slowly move a glass block into the field of view with the pipette tip [3.2.1-SCOPE].  Using the stage micromanipulator, break the tip of the pipette by gently touching it to the glass [3.2.2-SCOPE].  Repeat the procedure until the pipette tip outer diameter is between 1 and 3 μm [3.2.3-LM-TXT]. 
3.2.1. *no comment

3.2.2. *no comment

3.2.3. 51453fig5.jpg; Text: impedance: 1-15 MΩ

3.3. Next, prepare the extracellular saline and add 2% Chicago sky blue [3.3.1-MED-TXT].  Using a syringe with a 30-gauge needle, fill the back end of the pipette with the solution [3.3.2-CU]. 
3.3.1. Talent adds Chicago sky blue to the extracellular saline; Text: Refer to the accompanying manuscript for saline composition
3.3.2. *no comment
3.4. Then, place the rat in the cloth sock, and transfer the cloth sock into a rigid tube on an appropriate experimental jig [3.4.1-MEDF-over the shoulder].  Attach the head-restraining plate on the rat to the corresponding piece on the jig [3.4.2-CU].  Next, place an 8-32 nut on the head-restraining bolt that is implanted on the rat [3.4.3-CU].  Subsequently, screw in a threaded stainless-steel rod to the head-bolt [3.4.4-CU]. 
3.4.1. *no comment [split shot, 3.4.1 and 3.4.1A] Text over video: Allow a minimum of 2 days recovery time after surgery before performing these steps.
3.4.2. *no comment do not show fidgeting in second half of tk1
3.4.3. *no comment

3.4.4. *no comment [Do not show animal fidgeting, which occurred on one of the takes; see videographer’s notes]
3.5. After that, open the recording chamber and remove the silicone gel [3.5.1-SCOPE].  Clean the craniotomy using fine forceps if tissue has re-grown in the craniotomy [3.5.2-SCOPE].  Use isofluroane anasthesia during this process if necessary.
3.5.1. *no comment

3.5.2. *no comment 
3.6. Next, attach the pipette to the motorized micromanipulator [3.6.1-MED-over the shoulder].  Move the pipette to the desired recording location in the anterior-posterior and medio-lateral axes [3.6.2-CU]. Then, advance the pipette ventrally through the dura until it is approximately 500 μm dorsal to the intended recording location [3.6.3-CU]. 
3.6.1. Talent attaches the pipette to the motorized micromanipulator
3.6.2. *no comment CU and SCOPE taken, prefer SCOPE
3.6.3. *no comment
3.7. Slowly advance the pipette while listening for spiking events on an audio monitor of the amplified voltage recorded [3.7.1-MED].  Once spiking events are identified, continue to move the pipette about 0-100 μm until the positive voltage deflections are greater than approximately 500 μV [3.7.2-MED].
3.7.1. Videographer, please record the sound if possible. Video editor, please insert the audio after the voiceover if possible. [Sound and oscilloscope shots are good for this step]
3.7.2.  Videographer, please record the sound if possible. Video editor, please insert the audio after the voiceover if possible.Video and sound not recorded during shoot. Please use a clip from the separate media provided by authors. Media is audio and screen capture of spiking events scrolling in real time. LAB MEDIA: ‘juxtacellular_spikes_with_sound’
3.8. To label the recording site, set the current source to -4 μA with 2 s pulses at 50% duty cycle and pass the current for 4 minutes to iontophoretically inject Chicago sky blue through the pipette [3.8.2-MED-over the shoulder].  After the experiment, perfuse the animal according to standard practice. Then section the brain and counterstain as necessary to identify the anatomical location of the recording site [3.8.3-CU].   
3.8.1. *no comment

3.8.2. *no comment use shot of oscilloscope square pulses
3.8.3. Talent sectioning the brain
4. Results:  Neuronal units in ventral posterior medial thalamus encode the phase of vibrissa movement during self-generated whisking
4.1. Shown here is the sample spiking activity of a VPM thalamic unit as a rat is actively whisking [4.1.1-LM-TXT].   
4.1.1. 51453_Moore_JOVE_fig7A_script (1).eps; Text VPM: ventral posterior medial thalamus
4.2. Here is a histogram of spike times aligned to the instantaneous phase of vibrissa motion. There are more spikes during the retraction phase of whisking [4.2.1-LM].  
4.2.1. 51453_Moore_JOVE_fig7B_script (1).eps
4.3. After the recording, the location of this unit was labeled via iontophoresis of Chicago sky blue dye, as shown here. The tissue is counterstained for cytochrome oxidase activity to reveal the neuroanatomical borders of VPM thalamus [4.3.1-LM].  
4.3.1. 51453_Moore_JOVE_fig7C_script (1).eps. Animation: Show C1, then add black square and two black solid lines, followed by the appearance of C2. [If possible, re-orient so that C1 is to the left, and C2 is to the right, as opposed to the columnar presentation in the manuscript]
5. Conclusion (said by authors on camera)

5.1. Jeffrey Moore: After watching this video, you should have a good understanding of how to perform surgical and electrophysiological techniques that maintain the animal’s head in the stereotaxic plane and that unambiguously isolate the spiking activity of single neurons. 
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.

Animation.eps
Fig_7a_script.eps

Fig_7b_script.eps

Fig_7c_script.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, as well as an introduction to your videographer, closer to your filming date.
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