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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
Authors: please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
3.4., 3.5., 4.5.-4.7., 4.10.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.10.
5. Will the filming need to take place in multiple locations? N


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


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

Shingo Soya: This procedure can help us identify the function of specific neural circuit that are involved in sleep/wakefulness regulation with a less invasive manipulation and a high temporal resolution [1] 
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Shingo Soya: This method allows us the monitoring of surface EEG in real time in conjunction with the manipulation of specific neural circuit to examine the causal relationship between circuits and sleep/wakefulness states [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):

Takeshi Sakurai: Shota Kodani is going to demonstrate the procedure. [1][2].  

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

Procedures involving animal subjects have been approved by the Animal Care and Use Committee of University of Tsukuba in compliance with NIH guidelines.





Section - Protocol
Animal Preparation

After confirming a lack of response to toe pinch [1], apply ointment to the animal’s eyes [2] and use the ear bars and nose pinch of a stereotactic apparatus to stabilize the head of the anesthetized mouse on an absorbent pad [3-TXT].

WIDE: Talent pinching toe Videographer: More Talent than mouse in shot
ECU: Ointment being applied
CU: Ear bars being applied/mouse head being fixed TEXT: Anesthesia: 1.5-2 L/min isoflurane
 
When the head is fixed in position, make a midsagittal incision in the scalp to confirm that the intersection [1] between the sutura saggitalis and sutura coronalis or sutura lambdoidaat are in a horizontal line at the same level [2-TXT].

CU: Incision being made 
CU: Shot of suture intersection TEXT: i.e., lambda and bregma

To avoid a positioning gap, adjust the nose pinch and ear bars as necessary [1].

CU: Nose pinch/ear bar(s) being adjusted

Then, using Serafin clamps to hold the skin open [1], disinfect the exposed surface of the skull to enable the cranial sutures to be visualized more clearly [2].

CU: Clamp being placed
CU: Shot of exposed skull, then skull being disinfected

Virus Injection

To inject the adeno-associated virus vector, load an ethanol-sterilized 10-milliliter syringe with 2 microliters of mineral oil [1] followed by the experimental volume of virus to be injected [2-TXT].

WIDE: Talent loading syringe w/ mineral oil, with mineral oil container visible in frame
MED: Talent loading syringe w/ AAV, with AAV container visible in frame TEXT: See text for full syringe preparation details

Use the microinjection pump to adjust the tip of the microinjection needle onto the bregma [1] and note the coordinates as the point of origin [2].

CU: Tip being adjusted to bregma
CU: Shot of coordinates

Then move the tip to the designated injection site [1] and place the tip of the needle onto the position [2-TXT].

CU: Tip being moved to injection site
CU: Tip being moved onto position TEXT: anteroposterior + 0.2 mm, mediolateral ± 1.0 mm, dorsoventral - 4.2 mm (Author Comment: Same as 3.3.1)

Mark the skull at the injection site [1] and use a dental drill equipped with a 0.7-millimeter carbide cutter [2] to drill an approximately 2-millimeter-diameter hole into the skull [3-TXT].

CU: Site being marked
MED: Talent equipping drill with cutter
CU: Hole being drilled TEXT: Caution: Do not damage dura/brain tissue

After removing blood from around the hole with a cotton swab [1], slowly move the needle to the bed nucleus of the stria terminalis, or BNST (B-N-S-T), [2] and slowly inject the designated volume of virus solution [3].

CU: Blood being wiped
CU: Needle being moved
CU: AAV being injected

Then leave the needle in place for 5 minutes to allow the solution to sufficiently infiltrate the BNST tissue [1] before carefully retracting the needle [2-TXT].

MED: Talent setting timer
CU: Needle being retracted TEXT: Repeat for each injection site

Electroencephalogram and Electromyogram (EEG/EMG) Electrode and Optical Fiber Implantation

For electroencephalogram, or EEG (E-E-G), and electromyogram, or EMG (E-M-G), electrode implantation [1], first solder two stainless steel wires from which 1-millimeter of insulation has been stripped from both ends to the EMG electrodes [2] and place the center of the electrodes onto the bregma [3].

WIDE: Talent stripping one wire end
MED: Talent soldering wire to electrode
CU: Electrode being placed

Then mark the position for each EEG electrode [1-TXT].

CU: Position being marked TEXT: anteroposterior ± 1.5 mm, mediolateral ± 1.0 mm　
[Added Shot]: Use shot 4.1.3 here (Editor: The authors may need to provide additional VO for this shot)

To determine the position of the optical fiber implant, attach an optic fiber ferrule to the manipulator [1] and rotate the manipulator arm to a plus or minus 30-degree angle against a horizontal line [2].

MED: Talent attaching ferrule to manipulator
MED: Talent rotating arm

 Put the fiber tip on the bregma [1] and record the coordinates [2].

CU: Tip being placed onto bregma
CU: Coordinates being recorded

Move the tip to the targeted insertion line [1] and mark the position on the skull [2] and the position for the anchor screw next to the insertion site [3]. 

CU: Tip being moved to targeted insertion line
CU: Targeted insertion line position being marked
CU: Anchor screw position being marked

Use the dental drill to drill the skull at each site [1] and use the manipulator to gently insert the optic fiber until it reaches above the BNST [2]. The ferrule should rest on the remaining cranium [3].

CU: One site being drilled 
4.6.1A [Added Shot]: drill screw hole (Editor: This shot could likely be used after or instead of 4.6.1)
CU: Fiber being inserted [Shots 4.6.2 and 4.6.3 combined]
CU: Shot of ferrule resting on cranium 

Secure the fiber to the skull with an anchor screw, taking care not to break the dura or damage any tissue [1].

[bookmark: _GoBack]CU: Anchor screw being placed/fiber being fixed (Author Comment: move to 4.6.1 B Add screw) (Editor: I’m not exactly sure where the authors want this shot moved, so I’ve left it here)

Then cover the fiber and screw with photocurable dental cement [1-TXT].

CU: Cement being applied TEXT: Repeat for each fiber 
4.8.1A [Added Shot]: add cement on left side This was misslated (Editor: The authors may need to provide additional VO for this shot)

Next, drill holes for EEG-EMG electrodes [1] and insert the tip of the first electrode into one hole [2].

CU: Hole being drilled 
4.9.2.0 [Added Shot]: pulling off cover (Editor: The authors may need to provide additional VO for this shot)
CU: Electrode tip being inserted

Holding the implant with one hand, apply cyanoacrylate adhesive to the space between the skull and the electrode [1] and insert the electrode the rest of the way, taking care not to damage any tissue [2-TXT].

CU: Electrode being held, then adhesive being applied [Shots 4.10.1 and 4.10.2 combined]
CU: Electrode being inserted TEXT: Repeat for each electrode

When all of the electrodes have been placed, cover the circumference of the electrodes and the optic fibers with additional cyanoacrylate adhesive [1] and cyanoacrylate accelerant to avoid causing any interruption at the ferrule-to-optic cable and electrode-to-lead wire connecting zones [2-TXT].

CU: Shot of placed electrodes, then adhesive being applied
CU: Accelerant being applied TEXT: Caution: Avoid mouse eyes

Now expose the neck muscles [1] and insert the wires for the EMG electrode under the muscle [2].

CU: Neck muscles being exposed
CU: Wire(s) being inserted

Adjust the length of EMG electrode so that it fits just under the nuchal muscles [1-TXT] and fill the implants with more cyanoacrylate adhesive and accelerant [2].

CU: Electrode length being adjusted TEXT: Light connection between electrode tip and muscle fascia enough to catch EMG signal (Author Comment: This shot is not needed) (Editor: I’ve left this shot because it appears needed to set up the next shot)

CU: Adhesive being applied 

4.13.2A [Added Shot]: adding accelerant (Editor: The authors may need to provide additional VO for this shot)

Then place the mouse on a heat pad with monitoring until full recumbency [1].

MED: Talent placing mouse onto pad Videographer: More Talent than mouse in shot 

EEG/EMG Monitoring 

For EEG-EMG monitoring during the photo-excitation of targeted neurons, first use a scaler to adjust the laser intensity [1] and use a ferrule to tether the tip of the laser cable to an unused optic fiber [2].

WIDE: Talent adjusting intensity, with monitor visible in frame
MED: Talent tethering laser cable to unused fiber

Confirm that there is no space at the junction between the fiber and the cable [1] [2]. 

CU: Shot of no space between fiber-cable junction (Author Comment: misslated as 5.1.2)
MED: Talent turning on laser (Author Comment: already turned on at 5.1.1)

After 20 minutes, emit the warmed-up laser to the intensity checker [1] and adjust the intensity to 10 milliwatts/millimeter-squared [2].

MED-over the shoulder: Talent emitting laser to checker, with monitor visible in frame [Shots 5.3.1 and 5.3.2 combined]

SCREEN: To be provided by Authors: Intensity being adjusted.

[1].

CU: Laser mode being set to transistor logic, then light pulse emissions being confirmed (Move below 5.5)

Set the light pulse duration to 10 milliseconds, the rest period to 40 milliseconds, the cycle to 20, and the repeat to 20 [1].

CU: Duration being set to 10 ms, rest period being set to 40 ms, the cycle being set to 20, and the repeat being set to 20. (Author Comment: Movie represent the display is showing cycle of 400 which is equal to 20 sets of 20 cycles. Might Step 5.5.1.A which show the confirmation step of pulse generation to optic fiber be taken?) (Editor: I’m unsure of what exactly the authors are asking here)

5.4.	Change the laser mode to transistor logic and confirm that light pulses are emitted from the fiber controlled by the pattern regulator [1].

5.4.1.	CU: Laser mode being set to transistor logic, then light pulse emissions being confirmed

[1-TXT] [2].

MED: Talent placing mouse into chamber TEXT: 23 °C w/ 12 h light/dark cycle w/ ad libitum food + water (Author Comment: two takes    5.6.1 should come after 5.7.1. Gradually zooming up for shooting moving mouse after the mouse was moved in the chamber.)
MED: Talent connecting electrode and/or adaptor (Author Comment: This comes before 5.6.1)

Then cover the junction with light-impermeable material to prevent laser leakage [1-TXT].

CU: Junction being covered TEXT: Use slip ring w/ bifurcate attachment for the cables for bilateral experiment 

5.6.	Connect the implanted electrode and cable adaptor [2] and, when the laser is ready, move the mice to the experimental chamber for EEG-EMG recording [1-TXT].

5.6.2.	MED: Talent connecting electrode and/or adaptor

5.6.1.	MED: Talent placing mouse into chamber. TEXT: 23 °C w/ 12 h light/dark cycle w/ ad libitum food + water 

To assess the latency to wakefulness from non-rapid eye movement or rapid eye movement sleep, limit the recording time in optimized zeitgeber time [1] and let the mice move freely in the experimental chamber for at least 1 hour [2].

SCREEN: To be provided by Authors: Recording time being set to optimized zeitgeber time
CU: Shot of mice moving around in chamber

During the experimental period, monitor the EEG and EMG signals in the same recording screen and evaluate the mouse’s state as wakefulness, non-rapid eye movement sleep, or rapid eye movement sleep, using the gain control for each wave for ease of distinguishing each state [1].

SCREEN: To be provided by Authors: EEG/EMG signals being monitored/wakefulness state being monitored, the gain controls being adjusted

For measurement of the non-rapid eye movement sleep to wakefulness latency, observe stable non-rapid eye movement sleep for 40 seconds [1]. Then turn on the pattern generator for photostimulation [2] and confirm laser emission to the implanted optic fibers [3].

 SCREEN: To be provided by Authors: NREM sleep being monitored TEXT: Alternative: Monitor stable REM sleep for 30 s
MED: Talent turning on photostimulation
CU: Shot of laser emission to fiber(s) OR SCREEN: To be provided by Authors: confirmation of emission to fiber(s)

Then record the EEG-EMG signals until the sleep state changes to wakefulness [1-TXT].

SCREEN: Shot of EEG/EMG signals changing from sleep to wake TEXT: Limit optogenetic manipulation to 1x/day 


Section – Results
Results: Representative Effect of GABABNST Stimulation on State Transition in NREM and REM sleep 

Here representative EEG-EMG traces before [1] and after photostimulation during non-rapid eye movement sleep are shown [2].

LAB MEDIA: Figure 3A: JoVE Video Editor: please emphasize black and blue data lines from left side of graph to first blue stimulation rectangle
LAB MEDIA: Figure 3A: JoVE Video Editor: please emphasize black and blue data lines from first blue stimulation rectangle to right end of graph

A high voltage and slow frequency EEG [1] with no EMG signals represents non-rapid eye movement sleep [2].

LAB MEDIA: Figure 3A: JoVE Video Editor: please emphasize black line from left of graph to line between NRM and Wake columns
LAB MEDIA: Figure 3A: JoVE Video Editor: please emphasize frequency data from left of graph to line between NRM and Wake columns

Photostimulation triggered an acute transition to wakefulness about 2 seconds after stimulation in channel rhodopsin-two-expressing mice [1], while control mice did not demonstrate this transition [2], suggesting that the excitation of BNST-GABA (B-N-S-T-gabba) neurons during non-rapid eye movement sleep triggers a rapid induction of wakefulness [3].

LAB MEDIA: Figure 3B top graph: JoVE Video Editor: please emphasize lack of green data bar
LAB MEDIA: Figure 3B top graph: JoVE Video Editor: please emphasize black data bar
LAB MEDIA: Figure 3B top graph

Conversely, photostimulation during rapid eye movement sleep had no effect [1], so a transition effect only emerged in non-rapid eye movement sleep [2].

LAB MEDIA: Figure 3B bottom graph: JoVE Video Editor: please add/emphasize n.s. text and bracket
LAB MEDIA: Figure 3B bottom graph



Section - Conclusion
Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Shingo Soya: It is important to take care to use precise coordination for the virus injection and the optic fiber implantation steps (Step: 3.3, 4.2, 4.5, 4.10) [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Takeshi Sakurai: The EEG/EMG traces captured during the sleep analysis can be used to assess the consequences of the photomanipulation on the different vigilance states in mice [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Takeshi Sakurai: This technique will also help us identify other components and circuits involved in regulating the sleep/wakefulness states. [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Shingo Soya: Use protective goggles to avoid laser damage to the eyes and be sure to always autoclave sterilize the adeno-associated virus vector container after use [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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