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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Yes_____ 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.

C.  Which steps of your protocol will viewers benefit most from having filmed? 
The electrode implantation procedure, which is most of section 2.
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 to be filmed by their protocol numbers. (Please do not list an entire section.) ___steps 2.9 and 2.10___________________

The electrode assembly must be fixed straight to the skull with instant glue and covered with dental cement. A cotton swap can be squeezed into the electrode assembly to hold the assembly in a upright position during fixation. 

E.  Will the filming need to take place in multiple locations? (Y/N) __yes_____ If yes, how far apart are the locations? ______different floors in the same building (animal facility and office) 

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this polygraphic recording procedure is to determine the vigilance state of mice and measure the time spent in wakefulness, rapid-eye movement sleep or non-rapid-eye movement sleep. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael Lazarus: This method can help answer key questions in nearly every neuroscience field that seeks to correlate behavior and physiology with the activity of cortical neurons in behaving animals.

1.2. Michael Lazarus: The main advantage of this technique is that it can record low-noise electroencephalogram and electromyogram and can be combined with other brain implants, such as optical fibers and infusion cannulas. 
1.3. Yo Oishi: Visual demonstration of this method is critical as electrode implantations need to be performed properly, because quality of the electrical signals is important for unambiguous assessment of vigilant states.   
1.4. Michael Lazarus: Demonstrating the procedure will be Yohko Takata, a post doc from my laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. 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)
Procedures involving animal subjects have been approved by the Institutional Animal Experiment Committee at the University of Tsukuba. 
Protocol (read by voice talent at JoVE):

2. Implantation of electrodes in the mouse head
2.1. Before starting, [2.1.1-WID] sterilize all the surgical tools in a hot bead sterilizer. [2.2.2-MED]
2.1.1. Establishing shot

2.1.2. Placing tools in beads
2.2. Once the mouse is confirmed as anesthetized by a toe pinch, [2.2.2-CU/TEXT] shave off the hair on the head and neck. [2.2.1-CU]
2.2.1. Toe pinch executed, no response, TEXT: male, 10–20 weeks old, 20–30 g, 50 mg pentobarbital / kg
2.2.2. Film as written
2.3. Next, secure the mouse to the stereotaxic frame, [2.3.1-CU] and fix the head between the 2 ear bars.  [2.3.2-ECU]
2.3.1. Film as written
2.3.2. Film as written
2.4. Then, apply ophthalmic ointment to the eyes to prevent dryness. [MED]
2.4.1. Applying ointment to applicator and then using on eyes
2.5. Proceed with cleansing the shaved-skin with alcohol and iodine-based scrubs. [CU]
2.5.1. Multiple liquids used to wash scalp
2.6. Then, cut along the midline with a scalpel to expose the skull [2.6.1-ECU] and secure the skin to the side using clips to keep the surgical area open. [2.6.2-ECU]
2.6.1. Cutting along scalp

2.6.2. Pinning skin back with clips
2.7. Using a carbide cutter with a 0.8-mm drill, make two holes. [2.7.1-CU] Put one hole over the frontal cortical area.   [2.7.2-ECU/TEXT]
2.7.1. Preparing the drill, positioning over location of first hole
2.7.2. Drilling hole at -> this location, TEXT: 1 mm anterior to bregma, 1.5 mm lateral to the midline
2.8. Put the second hole [2.8.10-CU] over the parietal area of the right hemisphere. [2.8.2-ECU]
2.8.1. Repositioning drill for 2nd hole
2.8.2. Drilling hole at -> this location, TEXT: 1 mm anterior to lambda, 1.5 mm lateral to midline
2.9. Next, using a jeweler's screw driver, screw stainless steel EEG recording screws into the holes.  [ECU]
2.9.1. Drilling one screw into hole, show depth of screw when it’s completely in
2.10. Insert the screws with just two to two-and-a-half turns to obtain epidural positioning over the cortex.  [CU]
2.10.1. Placing next screw, show 2.5 hand turns to get it into right depth
2.11.  The screws should not wiggle once inserted, this is very important. [CU]
2.11.1. trying to wiggle a screwed in screw 
2.12. Now, fix the electrode assembly with the pins upward to the skull.  [CU]
2.12.1. Holding electrode assembly above skull with pin up, to show its orientation
2.13. The electrodes must be attached straight on.  [CU]
2.13.1. Attaching the electrodes 
2.14. Use a cotton swab to help secure the electrode’s position and glue the electrode down using cyanoacrylate followed by dental cement.  [ECU]
2.14.1. Crazy gluing electrodes in place while holding them still with cotton, followed by adding cement over glue
2.15. Next, make small holes in the trapezius [2.15.1-ECU] and insert the EMG electrode into those holes.  [2.15.2-ECU]
2.15.1. Drilling holes, as written
2.15.2. Film as written
2.16. Then, suture the skin with 0.1-mm diameter silk thread. [ECU]
2.16.1. Film as written
2.17. Now, remove the mouse from the stereotaxic frame [2.17.1-CU] and place it on a heat pad. [2.17.2-MED]
2.17.1. Film as written
2.17.2. Film as written
2.18. Give the mouse intraperitoneal injections of ampicillin and meloxicam [2.18.1-MED] and monitor the mouse until it regains sternal recumbency.  [2.18.2-MED]
2.18.1. Loading syringe with drugs, TEXT: 100 mg Amp + 1 mg meloxicam / kg
2.18.2. Observing the mouse recover from surgery
2.19. Then, house the mouse alone. [MED]
2.19.1. Moving mouse from recovery cage to solo home cage
3. Recording and acquiring EEG/EMG data.
3.1. One week after implanting the electrodes, transfer the mouse to an experimental cage in a soundproof recording chamber. [WIDFOL/TEXT]
3.1.1. Wheeling mouse in cage, on cart, to soundproof chamber and placing mouse into cage that fits into or is in soundproof chamber, TEXT: 23 ºC, 12-12 light-dark, ~100 lux
3.2. Secure the EEG/EMG electrode assembly on the mouse to a recording cable [3.2.1-MED] connected to a slip ring.  [3.2.2-ECU]
3.2.1. Film as written
3.2.2. Securing the slip ring at connection
3.3. Connect the A/D converter cable to an EEG/EMG signal filter/amplifier connected to the slip ring. [MED/TEXT]
3.3.1. Film as written, TEXT: Filter: EEG, 0.5–64 Hz; EMG, 16–64 Hz
3.4. Use an A/D converter to convert the signal to a 128 Hz digital signal [3.4.1-MED] and, finally, record the signal to a computer. [3.4.2-MED]
3.4.1. Diddling with A/D converter
3.4.2. Viewing the electrode signal on the computer
3.5. Habituate the mouse for two to three days in the recording chamber. [MED]
3.5.1. Closing up the recording chamber with mouse inside
3.6. If the EEG/EMG recording includes drug administrations, [3.6.1-WID] gently handle the mouse on each day as though there was a drug administration being given. [3.6.2-MED]
3.6.1. Talent approaches closed chamber and opens to access mouse
3.6.2. Removes mouse from cage and handles it
3.7. Subsequently, start the EEG/EMG recording software. [MED]
3.7.1. Talent gets positioned at the computer and starts the recording software
3.8. To begin, click on the ‘Data file information’ tab and click the box next to the file name. Enter a file name and click ‘Save’. [LM]
3.8.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
3.9. Then, from the ‘Recording condition’ tab, select all the EEG/EMG channels which need to be recorded.  Also, select the sampling frequency under this tab. [LM]
3.9.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
3.10. Now, in the ‘Channel information’ tab, check if the selected channels are displayed properly. [LM]
3.10.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
3.11. Once confirmed, start the record by, first, selecting the ‘Timer setting’ tab.  Then, click ‘Monitor’ to display EEG and EMG.  If the signals are displayed correctly, set the clock time for the beginning and end of the recording in the ‘Main Timer’ area.  Then, click the ‘Monitor’ button to start the recording. [LM]
3.11.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
3.12. Now, record the signals under baseline conditions and different treatment conditions over several days. [3.12.1-LM] When the experiment is finished, euthanize the mouse with pentobarbital. [3.12.2-WID]
3.12.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above. – in this case a bunch of raw data being collected will do fine.
3.12.2. Disconnecting mouse and removing it from the chamber to a normal cage
4. Scoring the Behavioral State from the EEG/EMG Data
4.1. Start the software for EEG/EMG analysis. [MED]
4.1.1. Talent at the computer starts the recording software
4.2. Open the EEG/EMG raw data, which is a .kcd file. [LM]
4.2.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
4.3. Click the ‘Sleep’ tab and set the Epoch time to 10 seconds. [LM]
4.3.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
4.4. Then, select ‘Multi-screening’ to automatically score all 10-sec epochs into 3 stages on the basis of the amplitudes of the EEG and the EMG and based on the power spectral analysis of the EEG. [LM]
4.4.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
4.5. Next, click on the ‘FFT condition for EEG’ tab.  There, set the parameters for the power spectral analysis.  Use 256 datum points, corresponding to every 2 seconds of EEG, use the Hanning window function, and use an average of 5 spectra per epoch. Then, Click ‘OK’. [LM]
4.5.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
4.6. Now, click ‘Start Screening’ to begin the automatic screening. [LM]
4.6.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
4.7. Then, open the scored data, which is saved in a “raf” file format, and check the results of the automatic screening. [LM]
4.7.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
4.8. As needed, correct the results if they do not meet the standard criteria. [LM]
4.8.1. Table 1
4.9. To make a correction, click and hold the left mouse button on an incorrectly scored epoch and drag the cursor across the string of incorrectly scored epochs.  Release the left mouse button and select the correct behavioral state in the pop-up window. [LM]
4.9.1. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above.
4.10. Yo Oishi: Occasionally, epochs at the transition between two vigilant states are difficult to score unambiguously. In such cases, the epoch should be scored to the ostensible state and the same criteria should be applied to similar epochs to ensure data reproducibility.  [MED] [LM]

4.10.1. 2/3 style interview shot with talent seated at computer

4.10.2. To be provided by the authors, a SCREEN CAPTURE of the described action(s) in the step above – in this case, an example of applying the same criteria to several similar transition points.
Video editor: cut to the screen capture after the first sentence of the narrative.  You should have some nice transition options on how to integrate this interview segment.
5. Results: Sleep Patterns in C57/B6 Mice 
5.1. Under baseline conditions, the mice exhibited a clear circadian sleep–wake rhythm, consistent with their nocturnal nature.
5.1.1. Figure 2A
5.2. During the 12-hour light period, the mice averaged 6.7 hours of NREM sleep and 0.9 hours of REM sleep; whereas during the 12-hour dark period, wakefulness was predominant.
5.2.1. Figure 2B
5.3. Other measurements were also recorded.  These included the sleep epoch distribution, their mean durations and the stage transitions for each vigilance state.
5.3.1. Figure 2C–E
5.4. The EEG power spectrums for NREM and REM sleep, show a strong EEG power density in the frequency range of 0.5 to 4 Hz for NREM sleep compared to a power density from 6 to 10 Hz, for REM sleep.
5.4.1. Figure 2F
5.5. To assess the impact of caffeine on sleep, C57-Black-6 mice were treated with a vehicle on one day [5.5.1-LM] and with caffeine on the next day. [5.5.2-LM] Intraperitoneal injections of caffeine were given early in the light cycle
5.5.1. Figure 3A – arrow to the top panel
5.5.2. Figure 3A – arrow to the bottom panel
5.6. As expected, the recording revealed that caffeine increased the amount of wakefulness in the mice.  A 3-fold increase in wakefulness occurred for three hours after the injection.
5.6.1. Fig 3B and C
6. Conclusion (said by authors on camera)
6.1. Yo Oishi: Once mastered, the electrode implantation procedure can be done in less than 20 minutes.  Scoring and correcting the EEG/EMG data for a 24-hour period can be done in about 30 minutes.
6.2. Michael Lazarus: After watching this video, you should have a good understanding of how to setup recording of electroencephalogram and electromyogram in mice and how to asses if and how long an animal is awake or asleep.

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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