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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y_____  

Can you record movies/images using your own microscope camera? (Y/N)____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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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. (Please do not list entire sections.) _______________1.2, 4.2, 4.3, 5.5____________________________
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.) _______4.2, 4.3____________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N___ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this method is to efficiently identify the neuronal types in in vivo electrophysiological recordings from any regions in the brain. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Munenori Ono: This method can help answer key questions in the neuroscience field, such as the functions of different types of neurons [1-MED]. 
1.1.1. Interview style
1.2. Munenori Ono: The main advantage of this technique is that it makes possible to reliably identify different types of neurons in vivo with accessible and inexpensive materials [1-MED].   
1.2.1. Interview style
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Munenori Ono: Demonstrating the procedure will be Shinji Muramoto, a technician, and Lanlan Ma, a research assistant professor from our laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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 Animal Care Committee of Kanazawa Medical University. 
Protocol: (read by voice talent at JoVE)
2. Construction of the Glass Optrode Holder
2.1. To begin tis procedure, gently pull out the steel tube for pressure control from the barrel of the holder [1-MED-over the shoulder]. Broaden the hole of the “pin seat” side in the barrel of the holder by drilling [2-CU-TXT]. Then, place a stainless-steel pipe in the hole [3-CU-TXT].
2.1.1. *Film as written

2.1.2. CU the holder as the hole in the barrel is being drilled. Text: 3 mm in diameter, 12 mm in depth 
2.1.3. CU the hole as a stainless-steel pipe is placed in it. Text: Pipe: 3 mm in diameter, 0.5 mm in thickness, 8 mm in length
2.2. Next, insert a ceramic split mating sleeve for 2.5 mm diameter ferrule into the hole [1-CU]. Make a hole in a L-shped rabbet [2-CU-TXT] and attach the barrel of the electrode holder to the rabbet with epoxy adhesive [3-CU].
2.2.1. CU the hole as a ceramic split mating sleeve is inserted. 
2.2.2. *Film as written. Text: 3 mm in diameter

2.2.3. *Film as written. 
2.3. Subsequently, attach it to a manipulator with screws [2-CU].
2.3.1. CU the manipulator as the rabbet is attached to it
3. Head Post Installation 

3.1. Prepare a custom-built head post by making the columnar circuit board spacer into a cuboidal shape with a milling cutter [1-MED-over the shoulder] and cut it into 2 head posts with a saw [2-CU]. Then, flatten the bottom of the head post with a milling cutter [3-CU].
3.1.1. Talent making the columnar circuit board spacer into a cuboidal shape with a milling cutter
3.1.2. CU the cuboidal shape as it is cut into 2 head posts with a saw
3.1.3. *Film as written
3.2. Before the surgery, sterilize all the surgical instruments and a head post with an autoclave [1-MED-TXT]. Clean the stereotaxic frame and the heating pad with 70% alcohol [2-MED-over the shoulder]. 
3.2.1. Talent places the surgical tools and head post in an autoclave. Text: 121 °C, 15 min
3.2.2. *Film as written

3.3. Next, anesthetize the mouse and place it in the stereotaxic frame on a heating pad. In this experiment, a transgenic mouse in which the inhibitory neurons expressing channelrhodopsin-2 is used [1-MED-over the shoulder]. 
3.3.1. Talent places an anesthetized mouse in the stereotaxic frame on a heating pad
3.4. Place the teeth in the hole of the bite bar, and lightly tighten the nose clamp [1-CU]. Subsequently, fix both sides of the head using ear bars. When the head is correctly fixed by the ear bars, tighten the nose clamp [2-CU]. 
3.4.1. CU the mouse as its teeth are placed in the hole of the bite bar and the nose clamp is lightly tightened
3.4.2. CU the mouse as the head is fixed with the ear bars and the nose clamp is further tightened
3.5. Apply an ophthalmic ointment to the eyes [1-CU]. Trim the hair over the head with small scissors [2-MED-over the shoulder] and clean the scalp with a cotton swab of chlorhexidine gluconate [3-MED-over the shoulder]. Then, cut the scalp along the midline and push it aside [4-CU]. 
3.5.1. CU the mouse head as an ophthalmic ointment is applied to the eyes
3.5.2. *Film as written

3.5.3. *Film as written

3.5.4. CU the head as the scalp is cut along the midline and pushed aside

3.6. [1-CU] Remove the periosteum with a cotton swab dipped in 70% alcohol and let the skull dry [2-CU]. 
3.6.1. CU the head as an incision is made from the back to the eyes　（Author Comment: This step is a duplicate of 3.5.4）
3.6.2. CU the head as the periosteum is removed with a cotton swab dipped in 70% alcohol and the skull is dried. 
3.7. Then, attach the head post to the manipulator [1-MED-over the shoulder]. Position the head post flat on the skull around the bregma using the manipulator [2-SCOPE]. 
3.7.1. *Film as written

3.7.2. Show that the head post is positioned flat on the skull around the bregma
3.8. Mix 4 drops of the monomer, 1 drop of catalyst, and 1 small spoon of polymer on a small dish that is chilled in the refrigerator [1-MED]. Apply dental cement on the frontal and parietal bone and to fix the head post to the skull [2-CU]. 
3.8.1. Talent taking out a small dish of mixture from the refrigerator 
3.8.2. CU the skull as dental cement is applied on the frontal and parietal bone and to fix the head post
3.9. After the dental cement has hardened, remove the mouse from the stereotaxic frame [1-MED]. Apply an antibiotic ointment on the exposed skin [2-CU] and inject a cocktail of medetomidine antagonist and antibiotic [3-CU]. 
3.9.1. Talent removing the mouse from the stereotaxic frame
3.9.2. CU the mouse as an antibiotic ointment is applied 
3.9.3. CU the mouse as the cocktail is given
3.10. Then, place the mouse on the heat pad in a cage until it awakes [1-MED], and return it to a housing cage with enrichments [2-MED].
3.10.1. Talent places the mouse on the heat pad in a cage
3.10.2. Talent transferring the mouse to a housing cage with enrichments
4. Craniotomy
4.1. To perform craniotomy over the target brain region for recording, clean the skull with a cotton swab soaked with chlorhexidine gluconate and 70% alcohol [1-MED-over the shoulder]. Carefully scrape the skull over the recording site with a dental drill [2-SCOPE]. 
4.1.1. Talent cleaning the skull with a cotton swab with chlorhexidine gluconate and 70% alcohol
4.1.2. Show that the skull is scraped over the recording site with a dental drill
4.2. When the bone is thin enough, cut it with the tip of the scalpel and remove it [1-SCOPE]. Then, apply dental cement around the exposed region in order to strengthen the skull [2-SCOPE]. 
4.2.1. Show that the bone is cut with the tip of the scalpel and removed
4.2.2. Show that dental cement is applied around the exposed region
4.3. Cover the exposed brain area with silicone adhesive after the dental cement has hardened [1-CU]. Then, place the animal on the heat pad in a cage until it awakes, and return it to a housing cage [2-MED]. Allow the animal to recover for at least 1 day after craniotomy before performing the electrophysiological recording [3-CU].
4.3.1. CU the exposed brain area as it is covered with silicone adhesive
4.3.2. Talent places the animal on the heat pad in a cage
4.3.3. CU the animal as it is in the cage with enrichments
5. Electrophysiological Recording
5.1. Before performing the electrophysiological recording, make some glass pipettes from borosilicate glass capillaries using an electrode puller [1-MED-over the shoulder-TXT]. Fill the pipettes with 10 mM PBS. In some recordings, 2% neurobiotin is added to the 10 mM PBS [2-CU-TXT].
5.1.1. Talent placing a glass capillary in the puller and pulling a pipette. Text: Text: Glass capillaries: OD = 1.5 mm, ID = 0.9 mm, 90.0 mm long
5.1.2. CU a pipette as it is filled with PBS. Text: 2 - 3 µm tip diameter, 4-6 MΩ resistance, 40-50 mm electrode length: 
5.2. Next, place the animal in the recording chamber [1-MED]. Attach a filled glass pipette to the custom-made optrode holder [2-CU]. Insert a silver chloride coated wire into the glass pipette [3-CU]. 
5.2.1. *Film as written

5.2.2. CU a filled glass pipette as it is attached to the custom-made optrode holder
5.2.3. CU the glass pipette as a silver chloride coated wire is inserted into it

5.3. [1-CU] Afterward, connect the pin to the headstage of the recording amplifier [2-CU].
5.3.1. *Film as written  (Author Comment: This procedure is done in advance, not done during the experiment) 
5.3.2. *Film as written
5.4. Subsequently, connect the fiber-optic patch cord with a zirconia ferrule to the split mating sleeve on the optrode holder [1-MED-over the shoulder-TXT]. Push the patch cord into the sleeve until the tip of the ferrule contacts the back of the glass pipette [2-CU]. The patch cord delivers the light from LED, which is controlled by a single-channel LED driver [3-CU-TXT].
5.4.1. *Film as written. Text: core = 960 µm, cladding = 1000 µm, NA = 0.63
5.4.2. CU the patch cord as it is pushed into the sleeve until the tip of the ferrule contacts the back of the glass pipette
5.4.3. Show that the LED light is being emitted. Text: wavelength = 465 nm. 
5.5. Afterward, remove the silicone adhesive over the craniotomy [1-CU]. Apply warmed saline on the brain surface periodically to prevent the brain surface from drying during the recording session [2-CU]. If necessary, remove the dura with sharp tweezers [3-CU].
5.5.1. CU the craniotomy as the silicone adhesive is removed 
5.5.2. CU the brain as warmed saline is applied to it
5.5.3. CU the brain as dura is being removed

6. Results: The light-evoked responses in the IC of awake VGAT-ChR2 mice
6.1. Here, the spike responses were recorded in the inferior colliculus of the awake VGAT-Channelrhodopsin2 mice. In the inferior colliculus of the VGAT- Channelrhodopsin2 mice, the GABAergic neurons specifically express Channelrhodopsin2. In the awake mice, both the GABAergic and glutamatergic neurons were excited or suppressed, respectively, when they were given light stimuli [1-LM]. 
6.1.1. 57781_Ono_57781fig3large.jpg: Show figure 3A and 3B. Text: VGAT: vesicular GABA transporter
(Editor: I split 6.1 because the sound bite was too long)
6.1a.  When the light stimulus is delivered through the glass electrode, it evoked spike responses in some neurons [2-LM]. In contrast, in other neurons, the light stimuli suppressed the spike responses evoked by sound stimuli. These results show that a glass optrode can record the well-isolated single unit activity, and reliably stimulate the recorded neurons by light [3-LM].

6.1.2. 57781_Ono_57781fig3large.jpg: Add blue highlighted column in A
6.1.3. 57781_Ono_57781fig3large.jpg: Add blue highlighted column (light blue first, then add dark blue) in B
7. Conclusion (said by authors on camera)

7.1. Munenori Ono: After its development, this technique paved the way for researchers in the field of neuroscience to explore how different types of neurons work in the neural circuit of the various brain regions [1-MED].
7.1.1. Interview style
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.

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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