

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 71594
Scriptwriter Name: Sri Lakshmi Priya
Project Page Link: https://review.jove.com/account/file-uploader?src=21836218

Title: Inducing Daytime Circadian Phase Shifts Using Chemogenetic and Spectral Approaches

Authors and Affiliations: 
Sophie Bass, Michelle Sun, Eve Gold, Hui Wang, Samer Hattar, Ruchi Komal

Section on Light and Circadian Rhythms, National Institute of Mental Health (NIMH), National Institutes of Health (NIH)

☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Ruchi Komal 		 ruchi.komal@nih.gov

Email Addresses for All Authors: 

Sophie Bass 		 sophie.bass@nih.gov
Michelle Sun 		 michelle.sun2@nih.goc 
Eve Gold 		 eve.gold@nih.gov
Hui Wang 		 hui.wang@nih.gov
Samer Hattar 		 samer.hattar@nih.gov
Ruchi Komal 		 ruchi.komal@nih.gov




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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  27
Number of Shots:  57 

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: 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. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


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

Ethics Title Card
This research has been approved by the National Institute of Mental Health Animal Care and Use Committee (IACUC) at (insert Institutional Name)
	Authors: Please provide the institutional name.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Intravitreal injection of adeno-associated virus in Opn4Cre/+ mice
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, clean and sterilize the stereotaxic stage and all surgical instruments using appropriate sterilization procedures [1]. Set up the injection apparatus [2] and attach a glass capillary injection needle [3].
2.1.1. WIDE: Talent cleaning and sterilizing the stereotaxic stage and surgical instruments. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent setting up the injection apparatus.
2.1.3. Talent attaching a glass capillary injection needle to the injection apparatus.

2.2. After anesthetizing the mouse, set the oxygen flow rate to approximately 1.5 liters per minute [1-TXT] and maintain 1 to 3% isoflurane throughout the procedure [2].
2.2.1. Talent setting the oxygen flow rate. TXT: Anesthesis: 3-5% Isoflurane
2.2.2. Talent adjusting the isoflurane settings.

2.3. Using a toe pinch, verify that the animal is fully anesthetized by confirming the absence of withdrawal or flinching reflexes [1]. 
2.3.1. Talent performing a toe pinch and mouse showing no withdrawal or flinching reflex.
2.4. Place the mouse on a heating pad to maintain body temperature throughout the procedure [1].
2.4.1. Talent placing the mouse on a heating pad.

2.5. Pull glass capillary needles [1]. Mark the needle to indicate a penetration depth of approximately 1.0 to 1.5 millimeters to ensure consistent intravitreal delivery [2].
2.5.1. Talent pulling glass capillary needles.
2.5.2. Talent marking the needle.

2.6. Using blunt-tipped forceps, gently apply pressure to the inferior eyelid to slightly protrude the eyeball and expose the dorsal limbus [1]. Penetrate the sclera 0.5 to 1 millimeter posterior to the limbus while avoiding vascularized regions [2].
2.6.1. Shot of blunt-tipped forceps applying pressure to the inferior eyelid and exposing the dorsal limbus.
2.6.2. Talent penetrating the sclera posterior to the limbus while avoiding vascularized regions.

2.7. Insert the needle into the vitreous chamber to the predetermined depth [1]. Withdraw slightly to relieve intraocular pressure and prevent blockage of the needle tip by tissue [2].
2.7.1. Shot of needle being inserted into the vitreous chamber.
2.7.2. Shot of needle being withdrawn slightly.

2.8. Inject a total volume of 1.5 microliters of adeno-associated virus solution as five sequential injections of 300 nanoliters each [1]. Pause for 15 seconds between injections to allow diffusion and minimize reflux [2].
2.8.1. Shot of adeno-associated virus solution being injected.
2.8.2. Shot of the needle remaining in place during the 15-second pause between injections. Authors: Check the shot.

2.9. Administer the final injection and wait for 30 seconds [1]. Slowly withdraw the needle [2].
2.9.1. Shot of adeno-associated virus solution being injected.
2.9.2. Shot of needle slowly being withdrawn.

2.10. Administer 0.1 milligrams per kilogram ketoprofen subcutaneously immediately following surgery [1].
2.10.1. Talent administering ketoprofen subcutaneously.

2.11. After allowing the mice to recover for at least 2 weeks and ensuring adequate viral expression, transfer the mice to the behavioral facility [1].
2.11.1. Talent transferring the mice to the behavioral facility.


3. Wheel-Running Activity Monitoring and Chemogenetic Phase-Shift Analysis
Demonstrator: Click here to enter name of demonstrator(s)

3.1. House mice individually in cages equipped with running wheels [1]. Record wheel-running activity using an automated data acquisition system [2].
3.1.1. Talent placing a mouse in a cage equipped with a running wheel.
3.1.2. SCREEN: Show the automated data acquisition system recording wheel-running activity from the cage setup
Authors: Please create screen capture videos of the shots labeled as SCREEN,
create a screenshot summary, and upload the files to your project page as soon as possible:  https://review.jove.com/files_upload.php?src=21836218
Videographer: Please film the computer screen as a back up

3.2. After entraining mice to a 12 to 12-hour light-dark cycle for 4 to 7 days, confirm stable entrainment [1] and transition animals to constant darkness or DD (D-D) [2].
3.2.1. SCREEN: Show wheel-running activity records displaying stable entrainment patterns over consecutive days
3.2.2. Shot of the animal room lights switching off.

3.3. Using analysis software, determine activity onset [1]. Once the activity onset in nocturnal rodents is defined as circadian time or CT (C-T) 12, calculate CT4 accordingly [2].
3.3.1. SCREEN: Show analysis software displaying wheel-running activity data while activity onset is determined.
3.3.2. SCREEN: Show CT4 being calculated from the defined activity onset.

3.4. Administer 1 milligram per kilogram clozapine N-oxide or CNO (C-N-O) intraperitoneally at CT 4 [1].
3.4.1. Talent administering CNO intraperitoneally.

3.5. Administer an equivalent volume of saline to control animals at CT 4 [1].
3.5.1. Talent administering saline to a control animal.

3.6. Return animals to their home cages and maintain them under DD [1]. Record locomotor activity continuously for 8 days [2].
3.6.1. Talent returning animals to their home cages.
3.6.2. SCREEN: Show continuous locomotor activity recording over multiple days in the automated data acquisition system.

3.7. Determine activity onsets [1] and perform regression analysis on pre-injection and post-injection periods [2]. Calculate phase shifts by comparing the projected and observed activity onsets [3].
3.7.1. SCREEN: Show wheel-running activity records in the analysis software while activity onset points are identified. 
3.7.2. SCREEN: Show regression lines being generated for the pre-injection and post-injection activity periods. 
3.7.3. SCREEN: Show projected and observed activity onset points being compared to calculate the phase shift.

4. SCN c-Fos Immunohistochemistry Following Chemogenetic Activation
Demonstrator: Click here to enter name of demonstrator(s)

4.1. Entrain mice to a 12 to 12 hour light-dark cycle [1] and release them into DD [2]. On the second day in DD, administer CNO at CT6 [3]. Perfuse animals 30 minutes after injection [4].
4.1.1. Shot of the animal room lights turning on and off over the mouse cages.
4.1.2. Talent releasing mice into a dark room.
4.1.3. Talent administering CNO at CT6 in DD.
4.1.4. Talent perfusing animals 30 minutes after injection.

4.2. Dissect the brain [1] and post-fix it in 4 percent paraformaldehyde overnight at 4 degrees Celsius [2]. Cryoprotect the brain in 30 percent sucrose until the tissue sinks [3]. Section the tissue coronally at 40 micrometers [4].
4.2.1. Talent dissecting the brain.
4.2.2. Talent placing the brain in 4 percent paraformaldehyde and keeping it inside the refrigerator.
4.2.3. Talent placing the brain in 30 percent sucrose for cryoprotection.
4.2.4. Talent sectioning the tissue coronally at 40 micrometers.

4.3. Incubate sections in blocking solution [1]. Following that, incubate the sections in primary antibody overnight at 4 degrees Celsius [2]. After washing the sections, incubate them with secondary antibodies [3]. Counterstain with 4-prime,6-diamidino-2-phenylindole or DAPI (DA-PI) and mount the sections [4].
4.3.1. Talent placing sections in blocking solution.
4.3.2. Talent placing sections in the primary antibody solution and keeping it inside the refrigerator.
4.3.3. Talent placing sections in secondary antibody solution. Authors: Which solution is used to wash the sections?
4.3.4. Talent counterstaining with DAPI and mounting the sections.

4.4. Acquire images using consistent microscope settings [1]. Process images using analysis software [2]. Identify adeno-associated virus-infected regions by mCherry-positive cells [3].
4.4.1. SCOPE: Show image acquisition using consistent microscope settings.
4.4.2. SCREEN: Show images being processed in analysis software.
4.4.3. SCREEN: Show mCherry-positive cells highlighted to identify adeno-associated virus-infected regions.

5. Spectral Strategy
Demonstrator: Click here to enter name of demonstrator(s)

5.1. House the wild-type mice individually in cages equipped with running wheels at the behavioral facility [1]. Maintain the animals under DD to monitor free-running circadian activity [2].
5.1.1. Shot of an individual wild-type mouse housed in a cage equipped with a running wheel.
5.1.2. Shot of the animal room maintained under DD.

5.2. On day 8 in DD at CT6, remove the cage from the light-tight cabinet [1]. Expose the mouse to a 15 minute light pulse [2].
5.2.1. Talent removing the mouse cage from the light-tight cabinet at CT6.
5.2.2. Shot of the mouse exposed to the light pulse.

5.3. Expose mice to either a blue light pulse [1-TXT] or a violet light pulse [2-TXT].
5.3.1. Shot of the mouse cage illuminated with blue light. TXT: Blue light pulse: λmax = 470 nm; 1.8 × 10¹⁴–2.2 × 10¹⁴ photons/cm²/s
5.3.2. Shot of the mouse cage illuminated with violet light. TXT: Violet light pulse: λmax = 385 nm; 1.45 × 10¹⁴–3.3 × 10¹⁴ photons/cm²/s

5.4. For both wavelength conditions, keep mice in their home cages with the cage tops removed [1]. Position the cages directly beneath a fixed light source [2]. Align the center of the light beam with the center of the cage to ensure uniform illumination [3].
5.4.1. Shot of the mouse remaining in its home cage with the cage tops removed.
5.4.2. Talent positioning the cage directly beneath the fixed light source.
5.4.3. Close-up shot showing the light beam aligned with the center of the cage.

5.5. Immediately return the cages to their original position under DD [1]. Continue wheel-running activity recording uninterrupted for phase-shift analysis [2].
5.5.1. Talent returning the cages to the light-tight cabinet under DD.
5.5.2. SCREEN: Show uninterrupted wheel-running activity recording for phase-shift analysis.

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 96.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Opn4Cre/+ mice expressing adeno-associated virus-designer receptors exclusively activated by designer drugs or AAV-DREADD (A-A-V-Dee-Red) that received saline at CT4 did not exhibit a significant phase shift in wheel-running activity [1].
6.1.1. LAB MEDIA: Figure 1B. Video editor: Emphasize the orange trend line.

6.2. CNO administration at CT4 produced a significant phase delay in activity onset [1]. 
6.2.1. LAB MEDIA: Figure 1C, D. Video editor: In figure 1C, emphasize the orange trend and in fig 1D, emphasize the bar labeled CNO along with the black dots and the T shaped line and the 4 * with the horizontal line. 

6.3. CNO administration increased c-Fos (C-Foss) expression in the suprachiasmatic nucleus 30 minutes after injection [1] compared to saline controls [2].
6.3.1. LAB MEDIA: Figure 2C. Video editor: Emphasize the green cells inside the white outlined regions 
6.3.2. LAB MEDIA: Figure 2B. Video editor: Emphasize the green cells inside the white outlined regions

6.4. Blue light stimulation with a maximum wavelength of 470 nanometers did not induce a measurable phase shift [1].
6.4.1. LAB MEDIA: Figure 3B, D. Video editor: In figure 3B, emphasize the blue points around days 8,9 and in figure 3D, emphasize the blue dots near 0 in the graph.

6.5. A 15 minute pulse of violet light with a maximum wavelength of 385 nanometers delivered at CT6 produced a significant phase delay [1].
6.5.1. LAB MEDIA: Figure 3C, D. Video editor: In figure 3C, emphasize the violet points around days 8 and in figure 3D, emphasize the violet dots positioned below −0.5 hours on the y-axis.
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