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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? 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.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.9., 3.1., 5.1., 5.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1., 5.6.
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.

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

1.1. Jordy Blanc: This method can help answer key questions in the field of Neuroenergetics and decipher the metabolic changes that occur between rest and activated states [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Jordy Blanc: The main advantage of this technique is to follow these variations in vivo, in real time, in a non-invasive manner [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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

1.3. Anne-Karine Bouzier-Sore: Notably, this technique can be applied to pathologically- or genetically-modified animals, for example, to determine the role of a specific protein in metabolic interactions between neurons and glial cells [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

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

1.4. Procedures involving animal subjects have met the ethical guidelines of the French Ministry of Agriculture and Forests and were approved by the local ethic committees.


Section - Protocol
2. Rat Placement and Whisker Stimulation Confirmation
2.1. Begin by placing a breathing sensor on the magnet bed [1] and transferring the rat to the magnet bed in the prone position with its nose in the isoflurane mask [2-TXT] and with the breathing sensor located between the ribcage and the magnet bed [3]. 
2.1.1. WIDE: Talent placing sensor onto magnet bed
2.1.2. MED: Talent placing rat onto bed Videographer: More Talent than rat in shot TEXT: Anesthesia: 4% -> 1.5-2% isoflurane -> medetomidine 20 microliters/min
2.1.3. CU: Shot of breathing sensor between ribcage and magnet bed 
2.2. Ensure that the right whiskers are free [1] and secure the rat with tape [2-TXT].
2.2.1. CU: Shot of freed right whiskers
2.2.2. CU: Rat being taped TEXT: Confirm breathing between 60-80 bpm

2.3. Use tape to make a sail that traps all of the right whiskers [1] and align the flexible outlet pipe of the air-puff system along the rat MRI bed so that the part exiting the tube is perpendicular [2] and about 1.5 centimeters from the sail [3].

2.3.1. CU: Sail being made/placed
2.3.2. CU: Outlet pipe being aligned
2.3.3. CU: Shot of pipe about 1.5 cm from sail Video Editor: if possible/appropriate, please indicate 1.5-cm distance between pipe and sail

2.4. Then fix the pipe into position with more tape [1].

2.4.1. CU: Pipe being taped 

2.5. Next, connect the flexible inlet pipe from a compressed air source to a solenoid control valve input [1] and the outlet pipe to the solenoid control valve output [2], taking care that the solenoid control valve remains outside of the magnet room [3].

2.5.1. WIDE: Talent connecting inlet pipe to valve input
2.5.2. MED: Talent connecting outlet pipe to valve output
2.5.3. MED: Shot of valve outside of magnet room 

2.6. Use the transistor-transistor logic-port to plug the pulsing device into the solenoid valve and the magnet [1] and configure the device so that the pulsing frequency is 8 hertz, the pulsing time is 20 seconds, and the resting time is 10 seconds [2].

2.6.1. MED: Talent connecting device to valve and magnet
2.6.2. MED-over the shoulder: Talent configuring device, with monitor visible in frame 

2.7. For whisker stimulation, place the rat with the brain in an upright position [1] and secure the animal with ear bars [2].

2.7.1. MED: Talent placing rat into position Videographer: More Talent than rat in shot
2.7.2. CU: Ear bar(s) being placed

2.8. Place the volume array coil above the head [1] and fix the array with tape [2].

2.8.1. CU: Array being placed above head
2.8.2. CU: Array being taped

2.9. Turn on the air-puff system to check that the sail moves in the anteroposterior direction with no rotation and no friction [1]. 

2.9.1. CU: Air-putt being turned on/sail moving

2.10. Then switch the air-putt system off [1] and place the bed and coil into the center of the magnet [2].

2.10.1. MED: Talent turning system off
2.10.2. MED: Talent placing bed/coil into magnet Videographer: More Talent than rat in shot

3. Blood-Oxygen-Level-Dependent Functional Magnetic Resonance Imaging (BOLD fMRI) Acquisition 

3.1. For blood-oxygen-level-dependent functional resonance imaging, check the sail movement again [1] and use a localization sequence to confirm that the rat is well positioned [1] [2-TXT].

3.1.1. WIDE: Talent turning on system
3.1.2. MED: Talent at computer, checking rat location, with monitor visible in frame TEXT: See text for localization sequence parameter details (Move below 3.2.2) (Editor: The authors have not indicated if this VO should also be moved. I’ve moved the timing for 3.1.1 to use it for this entire VO, but it does not make sense to be to use this VO here when we’ve moved the corresponding action)

3.2. Drag the Localizer sequence tab into the Instruction name and click Continue [1].

3.2.1. SCREEN.3.2.1.png: Localizer sequence tab being dragged into instruction name, then continue being clicked 
3.2.2. MED: Talent at computer, checking rat location, with monitor visible in frame TEXT: See text for localization sequence parameter details (Editor: The authors should provide VO for this shot)

3.3. If the location is ok, Drag the T2_Star_FID_EPI (T-two-star-F-I-D-E-P-I) sequence tab into the Instruction name, center the field of view on the middle of the brain, and click Adjustment platform to open the edited scan instruction [1].

3.3.1. SCREEN.3.3.1.png: T2_Star_FID_EPI sequence tab being dragged into instruction name, FOV being centered, Adjustment platform being clicked

3.4. Then record a B0 (B-zero) map and start the T2 Star_FID_EPI sequence [1-TXT].

3.4.1. SCREEN.3.4.1.png: B0 map being recorded, then T2_Star_FID_EPI sequence being started TEXT: See text for B0 map and T2_Star_FID_EPI sequence parameter details

3.5. Acquire another localization sequence as just demonstrated to compare with the first one [1] and check whether the rat has moved during the T2_Star_FID_EPI sequence [2].

3.5.1. SCREEN.3.5.1.png: Localizer sequence tab being dragged to instruction name
3.5.2. MED: Talent checking rat position 

3.6. Then return the bed to its initial position [1], remove the volume array coil [2], [3]

3.6.1. MED: Talent returning bed to initial position
3.6.2. CU: Array coil being removed
3.6.3. MED: Talent connecting surface coil

4. BOLD Processing

4.1. To process the images, open the T2 Star_FID_EPI file [1] and read the T2 Star_FID_EPI image in the Image Display [2].

4.1.1. MED-over-the-shoulder: Talent opening file, with monitor visible in frame
4.1.2. SCREEN.4.1.2.png: Image being read in Image Display

4.2. Open the start-up window of the functional controller and, in the Processing tab, select the functional imaging window [1].

4.2.1. SCREEN.4.2.1.png: FunController being opened, then functional imaging window being selected

4.3. Define the stimulation protocol and select the protocol window [1], setting the On Period to 40 and the Off period to 20 [1].

4.3.1. SCREEN.4.3.1.png: Stimulation protocol being defined, then protocol window being selected, then On period being set to 40 and Off period being set to 20

4.4. Click Invert Attribution and drag the Stimulation States slider to the left to select a value of 1 [1].

4.4.1. SCREEN.4.4.1.png: Invert Attribution being clicked, then Stimulation States being dragged and 1 being selected

4.5. In the preprocessing window, set the Median filter in plane for preprocessing and the Median filter 2D, 3D for postprocessing [1]. 

4.5.1. SCREEN.4.5.1.png: Median filter in plane being set, then Median filter 2D, 3D being set

4.6. Then click Execute, drag the cursors to adjust the overlay lookup table, and visualize the activated brain area [1].

4.6.1. SCREEN.4.6.1.png: Execute being clicked, overlay lookup table being adjusted, then activated brain area being visualized

5. Proton Magnetic Resonance Spectroscopy (MRS) Acquisitions and Processing

5.1. To correctly position the surface coil for proton magnetic resonance spectroscopy, or MRS (M-R-S), rotate the head approximately 30° clockwise [1] so that the surface coil can be placed just above the left barrel cortex in a horizontal position and located at the magnet center when inside the magnet [2].

5.1.1. WIDE: Talent rotating rat head Videographer: More Talent than rat in shot
5.1.2. CU: Surface coil being placed

5.2. Plug the surface coil [1] and fix the coil into place with tape [2].

5.2.1. MED: Talent plugging coil
5.2.2. CU: Coil being taped

5.3. Check that the sail can still move correctly when the air-puff system is on [1]. Then place the bed into the magnet [2] and check the sail movement again [3].

5.3.1. CU: Sail moving
5.3.2. MED: Talent placing rat into magnet
5.3.3. CU/MED: if possible, shot of sail moving in magnet OR Talent turning on air-puff system

5.4. Confirm the correct position of the animal with the localization sequence as demonstrated [1] and drag the T2_TurboRARE (T-two-turbo-rare) sequence tab into the Instruction name window [2].

5.4.1. MED-over-the-shoulder: Talent initiating localization scan, with monitor visible in frame
5.4.2. SCREEN.5.4.2.png: T2_TurboRARE sequence tab being dragged into Instruction name window

5.5. Then click Continue to execute the scan program and to allow the correct localization of the voxel within the somatosensory barrel field cortex [1-TXT].

5.5.1. SCREEN.5.5.1.png: Continue being clicked, then voxel being localized TEXT: See text for T2-TurboRARE parameter details 

5.6. At the end of the scan, drag the LASER sequence tab into the Instruction name window and place the voxel at the center of the somatosensory barrel field cortex area [1].

5.6.1. SCREEN.5.6.1.png: LASER sequence being dragged into Instruction name window, then voxel being placed into S1BF area

5.7. Click Adjustment platform to open the edited scan instruction and click Wobble to slightly change the impedance of the receiver coil for tuning [1].

5.7.1. SCREEN.5.7.1.png: Adjustment platform being clicked, then Wobble being clicked, then impedance being tuned

5.8. When the tuning is finished, click Apply to close the Instruction editor and to apply the changes in the edited instruction [1].

5.8.1. SCREEN.5.8.1.png: Apply being clicked/changes being applied

5.9. Record a B0 map and start the protium-MRS acquisition during a resting period [1].

5.9.1. SCREEN.5.9.1.png: B0 map being recorded, then 1H-MRS acquisition being started 

5.10. Acquire another localization sequence to compare with the first one [1] and confirm that the rat did not move during the LASER acquisition [2].

5.10.1. SCREEN.5.10.1.png: Localization sequence tab being dragged into Instruction name window
5.10.2. MED: Talent checking rat position

5.11. Then turn on the air-puff system [1] and use the LASER sequence to perform a second proton-MRS [2]. 

5.11.1. MED: Talent turning on air-puff system
5.11.2. SCREEN.5.11.2.png: LASER sequence being dragged into Instruction name window

5.12. Perform a final localization sequence to check whether the rat has moved [1] before returning the bed to its initial position [2].

5.12.1. MED: Talent initiating localization sequence, with monitor visible in frame
5.12.2. MED: Talent retuning bed to initial position Videographer: More Talent than rat in shot

5.13. Then remove the surface coil [1] and return the rat to the bench with monitoring until full recovery [2-TXT].

5.13.1. CU: Coil being removed
5.13.2. MED: Talent placing rat onto bench Videographer: More Talent than rat in shot TEXT: Reverse anesthesia/wake rat w/ 20 microliters atipamezole s.c.

5.14. To process the MRS images, open the linear combination of model spectra, or LCModel (L-C-model), software [1] and select the appropriate data type and file [2].

5.14.1. WIDE: Talent opening software, with monitor visible in frame
5.14.2. 5.14.2.SCREEN.png: Data type and file being selected

5.15. Click OK and, in the Title section, manually enter a title and define an adequate parts per milliliter range [1].

5.15.1. 5.15.1.SCREEN.png: OK being clicked, then title and ppm range being entered

5.16. Then click Run LCModel to start the LCModel quantification [1].

5.16.1. 5.16.1.SCREEN.png: Run LCModel being clicked/quantification being started


Section – Results
6. Results: Representative fMRS Analysis of Rat Barrel Cortex Responses to Whisker Activation 

6.1. When right whiskers are stimulated using the homemade air-puff system as demonstrated [1], a positive BOLD (bold) signal is detected in the left barrel cortex, also called the somatosensory barrel field [2].

6.1.1. LAB MEDIA: BOLD_JOVE.png
6.1.2. LAB MEDIA: BOLD_JOVE.png: JoVE Video Editor: please emphasize left part of brain image as marked in red in original Figure 4B

6.2. Using anatomical magnetic resonance images [1] and a rat brain atlas scheme [2], the activated brain area visualized by BOLD functional MRI allows a voxel to be placed in the somatosensory barrel field area that is activated during the whisker stimulation [3].

6.2.1. LAB MEDIA: Figure 6: JoVE Video Editor: please show only brain schematic and MRI images and emphasize images 
6.2.2. LAB MEDIA: Figure 6: JoVE Video Editor: please show only brain schematic and MRI images and emphasize brain schematic 
6.2.3. LAB MEDIA: Figure 6: JoVE Video Editor: please show only brain schematic and MRI images and emphasize S1BF rectangle in brain schematic and corresponding green rectangle in MRI image

6.3. When the paradigm for whisker stimulation is turned on, an increase in lactate content is observed in the left somatosensory barrel field [1].

6.3.1. LAB MEDIA: Figure 6: JoVE Video Editor: please show only graph and emphasize Lactate 1.32 ppm text and accompanying vertical rectangle

6.4. To better visualize the metabolic fluctuations [1] between resting and activated periods, a spectral subtraction can be performed [2].

6.4.1. LAB MEDIA: Figure 6: JoVE Video Editor: please show only graph and emphasize rest data line
6.4.2. LAB MEDIA: Figure 6: JoVE Video Editor: please show only graph and emphasize activated data line

6.5. From this subtracted spectrum, the increase in lactate content with brain activation can be visualized much more easily. For example, in this rat, the N-acetylaspartate signal was slightly decreased [1]. 

6.5.1. LAB MEDIA: Figure 6: JoVE Video Editor: please show only graph and emphasize NAA 2.02 ppm text and accompanying vertical rectangle

6.6. While the lactate peak is hardly detected on this in vivo deconvolution spectrum at rest, the LCModel was able to quantify the peak with a good accuracy and Cramér-Rao lower bound values [1].

6.6.1. LAB MEDIA: Figure 7: JoVE Video Editor: please circle/emphasize tiny peak in Rest Spectrum Lac data line

6.7. Out of 23 rats, a decrease in lactate content was observed only in one rat [1], with a statistically significant difference in the lactate content measured for all of the rats between the resting and activated periods [2].

6.7.1. LAB MEDIA: Figure 8: JoVE Video Editor: please emphasize single decreasing data line 
6.7.2. LAB MEDIA: Figure 8: JoVE Video Editor: please add three asterisks above all data lines (just one set near top of graph) or similar “significant data” emphasizer



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Jordy Blanc: A smaller surface coil can be implanted under the skin to boost the signal-to-noise ratio and a bi-voxel approach can be used to acquire simultaneous left and right signaling [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. [bookmark: _GoBack]Anne-Karine Bouzier-Sore: I would like to highlight that this technique paved the way in exploring the role of monocarboxylate transporters on brain metabolism and brain activation [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera [1].
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