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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

[bookmark: OLE_LINK1]2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Authors: As these files are necessary for finalizing your script, please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21866413

3. Filming location: Will the filming need to take place in multiple locations? No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No


Current Protocol Length
Number of Steps: 18  
Number of Shots: 27 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Some statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Yuehong Huang: Our research examines whether thermoregulatory interventions merely alter animals’ body temperature or change the underlying body-temperature set point.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Yuehong Huang: Core temperature alone cannot reveal set-point shifts; this protocol measures animals’ thermal preference across a temperature gradient to infer such shifts.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:

Describe the most important consideration or challenge when performing this protocol.
1.3. Yuehong Huang: The key consideration is maintaining a stable, accurately calibrated thermal gradient.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Are there any additional methods or analyses that can be performed following this procedure?
1.4. Yuehong Huang: Researchers can combine this assay with neural circuit, genetic, or pharmacological interventions to determine whether they shift the body-temperature set point. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Yuehong Huang: Studies involving changes in animals’ body temperature could apply this assay to determine whether the set point shifts under specific conditions.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 




Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) of the Chinese Institute for Brain Research, Beijing (CIBR)



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Thermal Gradient Apparatus Setup
Demonstrator: Yuehong Huang 

2.1. [bookmark: OLE_LINK8]To begin, generate a temperature gradient, in the thermal gradient apparatus, using thermoelectric modules based on the Peltier effect, heating one end and cooling the other via polarity-controlled heat transfer [1]. Use fan-equipped CPU heat sinks for heat dissipation and power the components with the required direct-current voltages [2].
2.1.1. CU: Talent showing the thermoelectric modules positioned at two ends of the apparatus.
2.1.2. WIDE: Shot of CPU heat sinks, cooling fans, and power connections of the thermal gradient apparatus.

2.2. Place a telemetry receiver beneath the apparatus to record core temperature simultaneously [1]. Position a dual-modal infrared and visible-light camera above the apparatus [2] and use its default factory-calibrated radiometric settings with the emissivity set to one [3].
2.2.1. WIDE: Talent positioning the telemetry receiver beneath the thermal gradient apparatus.
2.2.2. WIDE: Talent positioning the dual-modal infrared and visible-light camera above the apparatus.
2.2.3. Talent adjusting the camera to its default radiometric settings while keeping the emissivity value of 1.00.

3. Calibration of the Thermal Gradient Apparatus
Demonstrator: Fa Peng 

3.1. Turn on the apparatus and establish a stable 15 to 50 degrees Celsius gradient under open-loop control [1]. Allow it to equilibrate for at least 1 to 1.5 hours before calibration [2].
3.1.1. WIDE: Talent turning on the thermal gradient apparatus and establishing the temperature gradient.
3.1.2. WIDE: Shot of the apparatus equilibrating before calibration. 

3.2. Beginning at the cold end, mark measurement positions at 5-centimeter intervals along the floor [1]. At each position, record the temperature at the floor center, 2 centimeters above the floor center, and at the side wall [2].
3.2.1. WIDE: Talent marking measurement positions at 5-centimeter intervals from the cold end.
3.2.2. CU: Talent recording temperatures at the floor center, 2 centimeters above the floor center, and at the side wall.

3.3. Plot [1] temperature against distance from the cold end and calculate the coefficient of determination for each distribution [2]. Confirm adequate gradient linearity by obtaining an R-squared value of at least 0.95 at all measurement positions [3].
3.3.1. Talent at the computer starting data analysis and calculations.
3.3.2. SCREEN: Temperature values being plotted against distance, and the coefficient of determination being calculated.
3.3.3. SCREEN: Talent verifying that the temperature gradient is linear at all measurement positions, with an R² value of at least 0.95.

4. Thermal Gradient Assay and Data Export
Demonstrator: Yuehong Huang

4.1. Habituate each mouse to the thermal gradient apparatus for 2 hours per day on 3 consecutive days before testing [1].
4.1.1. WIDE: Talent leaving the mouse in the thermal gradient apparatus to explore freely.

4.2. Before each experiment, establish a floor-temperature gradient of 15 to 50 degrees Celsius while maintaining an ambient temperature of approximately 22 degrees Celsius [1]. Allow the apparatus to equilibrate for 1 to 1.5 hours [2].
4.2.1. SCREEN: The thermal gradient and ambient temperature being monitored before the experiment.
4.2.2. WIDE: Shot of the apparatus equilibrating before the mouse is introduced. 

4.3. Align the infrared and visible-light images within the same field of view [1]. Allow the mouse to move freely while simultaneously recording infrared and visible-light videos at one frame per second [2] and monitoring core body temperature via telemetry. [3].
4.3.1. SCREEN: The infrared and visible-light images being aligned in the dual-modal camera software.
4.3.2. SCREEN: The freely moving mouse being recorded by the overhead camera.
4.3.3. SCREEN: The core temperature being recorded by the telemetry receiver. 

4.4. After each session, clean the apparatus with 75 percent ethanol [1]. Save the recordings using lowercase English letters, numbers, and underscores only [2]. For automated analysis, export the infrared and visible-light streams separately after confirming their spatial alignment [3-TXT].
4.4.1. WIDE: Talent cleaning the thermal gradient apparatus with 75 percent ethanol.
4.4.2. SCREEN: The recording being saved with a compatible file name. 
4.4.3. SCREEN: Talent exporting the aligned infrared and visible-light streams separately. TXT: Infrared display range - 15 to 50 degrees Celsius; remove all overlays


5. Automated Temperature-Preference Analysis
Demonstrator: Yuehong Huang

5.1. Using the calibrated apparatus, perform the thermal gradient assay to obtain the animal's temperature-preference data [1]. Then analyze the synchronized recordings using the automated temperature-preference method [2].	Comment by Ruchira  Mukherji: This step has been moved here from the previous section for better flow.
5.1.1. WIDE: A mouse moving across the calibrated thermal gradient apparatus so that its temperature preference data can be acquired.
5.1.2. Talent at the computer, starting the analysis software.

5.2. Load the synchronized infrared and visible-light videos [1].
5.2.1. SCREEN: The synchronized videos being loaded into the software.


5.3. Mark the four corners of the runway to generate a runway mask that restricts subsequent animal detection to the defined area [1].
5.3.1. SCREEN: The four runway corners being marked and the runway mask being generated.

5.4. Run the automated temperature-preference analysis to process the synchronized videos and extract temperature-preference data [1].
5.4.1. SCREEN: The automated analysis being rum to process the synchronized infrared and visible-light videos.

5.5. Display the analysis outputs generated by the automated temperature-preference method [1].
5.5.1. SCREEN: The generated analysis output being displayed.      



















Results
6. Results 

6.1. Chemogenetic activation of MPAEP3R  (m-p-a e-p-three-r) neurons induced a rapid and sustained decrease in core body temperature compared with vehicle treatment [1]. The mice also shifted their temperature preference toward cooler ambient conditions [2]. 
6.1.1. LAB MEDIA: Figure 3A. Video Editor: In Panel A, please highlight the rapid and sustained decline in the blue core-temperature curve following DCZ administration.
6.1.2. LAB MEDIA: Figure 3C. Video Editor: Please highlight in Panel C, the leftward shift of the blue DCZ occupancy curve.

6.2. This hypothermic response was accompanied by decreased interscapular brown adipose tissue temperature, indicating reduced thermogenesis, and increased tail temperature, indicating enhanced heat dissipation [1].
6.2.1. LAB MEDIA: Figure 3D-E. Video Editor: Simultaneously highlight the sustained decline in the blue tissue-temperature curve in Panel D and the transient rise in the blue tail-temperature curve in Panel E. 

6.3. Chemogenetic inhibition of MPAEP3R neurons induced a rapid and sustained increase in core body temperature compared with vehicle treatment [1]. The mice also shifted their temperature preference toward warmer ambient conditions [2].
6.3.1. LAB MEDIA: Figure 4A. Video Editor: In Panel A, please highlight the rapid and sustained elevation of the red core-temperature curve following DCZ administration.
6.3.2. LAB MEDIA: Figure 4. Video Editor: Please highlight in Panel C, the rightward shift of the red DCZ occupancy curve.

6.4. This hyperthermic response was accompanied by an increase in interscapular brown adipose tissue temperature, indicating enhanced thermogenesis [1]. Tail temperature could not be reliably assessed because the tail was obscured beneath the body [2].
6.4.1. LAB MEDIA: Figure 4D. Video Editor:  Please highlight in Panel D, the sustained elevation of the red tissue-temperature curve following DCZ administration.
6.4.2. LAB MEDIA: Figure 4E. Video Editor: In Panel E, for the 10 min and 30 min images, indicate with an arrow that the tail became obscured beneath the body and hence could not be assessed.
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