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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. 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? 
2.1., 2.8., 2.10., 3.6.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.5: Locate tAKARalpha-positive neurons and find them back in consecutive imaging sessions. To ensure success, we document the precise location of the field of view of imaging at a lower magnification using epi-illumination. 
3.10: Identify the imaging parameters to minimize photobleaching and at the same time, to ensure sufficient photon counts for data analysis. To ensure success, we calculate the integrated photon count in the ROIs that we want to follow during the experiment.
5. Will the filming need to take place in multiple locations? Y, same building different floots


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.	Comment by Bridget Colvin: Authors: All Author statements are limited to 30 words.

1.1. Haining Zhong: Our method utilizes a novel protein kinase A sensor called targeted-A-kinase-activity report-alpha, or t-AKAR-alpha, to visualize neuromodulatory events in individual neurons of head-fixed behaving mice [1]. 	Comment by Bridget Colvin: Authors: Since this is the first time this term will be used, the abbreviation will need to be defined here.

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

1.2. Tianyi Mao: When combined with two-photon fluorescence lifetime imaging microscopy, or 2pFLIM, this sensor allows the highly-sensitive, continuous monitoring of protein kinase A activity within cortical neuronal populations in active animals [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. Tianyi Mao: This method will facilitate the study of when, where, and how neuromodulation takes place to aid in the regulation of animal behavior, learning, and memory [1].

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

Introduction of Demonstrator (Said by you on camera):

1.4. Tianyi Mao (first part sentence) and Haining Zhong (second part sentence): The procedure will be demonstrated by Bart Jongbloets, a post-doctoral fellow in my laboratory, and Lei Ma a post-doctoral fellow in my laboratory [1][2][3]. 

1.4.1. INTERVIEW: Both Talents saying statement above in an interview-style shot, looking slightly off-camera Videographer: Use personal discretion for best way to film this shot
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera Videographer: Use personal discretion for best way to film this shot
1.4.3. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera Videographer: Use personal discretion for best way to film this shot

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

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Oregon Health & Science University.


Section - Protocol
2. Motorized Treadmill Construction
2.1. To construct a motorized treadmill, first use a fine hacksaw to cut a 200-millimeter-radius foam roller to a 150-millimeter length [1-TXT] and drill a ¼-inch diameter hole through the center of the roller at the flat side [2].
2.1.1. WIDE: Talent cutting foam roller TEXT: See text for alternative/optional treadmill construction details
2.1.2. CU: Hole being drilled

2.2. Install a ¼ inch diameter steel axle through the hole [1] and use foam-compatible glue to secure the foam roller to the axle [2].

2.2.1. CU: Axle being installed
2.2.2. CU: Axle being glued

2.3. For each shaft coupling, position the coupling on its flat side and at the center of a 0.7- x 15- x 76-millimeter rectangle metal plate [1] and weld the plate to the shaft coupling [2].	Comment by Bart C Jongbloets: These steps were done by a local machinist we contracted. In the manuscript this section is optional.  We could show where to position the shaft coupling (2.3.2) and the end result after the welding, but unfortunately we cannot show the welding itself. In addition, any for most of our targeted viewers, welding may not something of the interest and can be out sourced.


2.3.1. CU: Shot of welded coupling on plate.	Comment by Bart C Jongbloets: New shot mad by Tim Exton here, should be refered by him as 2.3.1
2.3.2. CU: Shot of coupling on flat side on plate	Comment by Bart C Jongbloets: Not being shot
2.3.3. CU: Shot of plate welded to coupling

2.4. Drill a ¼-inch hole at the center of the plate to allow installation of the modified shaft coupling onto the axle [1] and drill two screw holes into the metal plate lateral from the center [2].

2.4.1. CU: Shot of holes in center of plate Video Editor: please emphasize center hole
2.4.2. CU: Shot of holes in center of plat  Video Editor: please emphasize lateral holes

2.5. Install the shaft coupling onto the axle against the foam roller [1] and place screws into the lateral holes to fix the roller onto the axle [2].

2.5.1. CU: Shaft coupling being installed
2.5.2. CU: At least one screw being placed

2.6. Drill and tap a 3/8-32 thread at the center of a cage plate [1] and install the rotary encoder [2].

2.6.1. CU: Shot of tread drilled/tapped through cage plate
2.6.2. CU: Rotary encoder being installed

2.7. Drill a screw hole into the base of the right-angle motor bracket to allow attachment of the motor to the post holder [1]. Use a flexible shaft coupling to attach both the rotary encoder [1] and the motor to the end of the axle [2].

2.7.1. CU: Hole being drilled into bracket	Comment by Bart C Jongbloets: Tim and I moved this shot from 2.7.3 to 2.7.1 (should also be reflected in the video headers. 
2.7.2. CU[Optional]: Motor being installed on bracket and post-holder	Comment by Bart C Jongbloets: Added this shot 
2.7.3. CU: Rotary encoder being attached to axle	Comment by Bart C Jongbloets: Moved these two shots to the back, so previously this was 2.7.2 and 2.7.3.
2.7.4. CU: Motor being attached to axle

2.8. [bookmark: _GoBack]Using posts for the motor and rotary encoder, install the assembled treadmill on an aluminum bread board [1] and connect the motor inputs to the speed controller [2].
2.1.1. 
2.1.2. CU: Rotary encoder being attached to axle
2.1.3. CU: Motor being attached to axle
2.8.1. CU: Hole being screwed into 

Using posts for the motor and rotary encoder, install the assembled treadmill on an aluminum bread board [1] and connect the motor inputs to the speed controller [2]. 

2.8.2. MED: Talent installing treadmill onto board
2.8.3. CU: Motor inputs being connected to speed controller

2.9. Connect the rotary encoder output to an analog input of the computer data acquisition board [1] and install the head plate-compatible holder to an adjustable mounting post bracket [2].

2.9.1. MED: Talent connecting rotary encoder output to analog input
2.9.2. MED: Talent installing holder to post bracket

2.10. Install a solid post on the bread board in front of the treadmill [1] and install the assembled head plate holder with the post bracket on the post [2], taking care that the head plate holder bars are aligned with the axle such that a mouse could adopt an adequate and comfortable walking position on the treadmill [3].

2.10.1. MED: Talent installing post
2.10.2. MED: Talent installing holder
2.10.3. CU: Shot of mouse in adequate and comfortable walking position OR LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize mouse and head plate holder bars

3. In Vivo Two-Photon Fluorescence Lifetime Imaging (2pFLIM) Microscopy	

3.1. At least two weeks after cranial window installation, set the two-photon excitation laser wavelength to 960 nanometers [1-TXT] and confirm a lack of response to toe pinch in the anesthetized, experimental mouse [2-TXT].

3.1.1. WIDE: Talent at computer, adjusting laser wavelength, with monitor visible in frame TEXT: See text for cranial window installation details
3.1.2. ECU: Toe being pinched TEXT: Anesthesia: 4% isoflurane

3.2. Place the anaesthetized mouse on the motorized treadmill [1] and mount the head plate of the mouse to the head plate holder of the treadmill setup [2].

3.2.1. MED: Talent placing mouse onto treadmill Videographer: More Talent than mouse in shot
3.2.2. CU: Mouse head plate being mounted to head plate holder
 
3.3. Clean the surface of the cranial window coverslip with 70% ethanol [1] and place the motorized treadmill under the or 2pFLIM objective [2].

3.3.1. CU: Window being cleaned
3.3.2. MED: Talent placing treadmill under objective

3.4. Apply a drop of distilled water between the cranial window coverslip and the objective [1] and allow the mouse to wake up and become acclimated to the treadmill and microscope environment for at least 10 minutes [2].

3.4.1. CU: Drop being applied
3.4.2. CU: Shot of awake mouse on treadmill OR MED: Talent setting timer, with treadmill and microscope visible in frame

3.5. Navigate to the injection location under epi-illumination [1] and document the fiducial features under bright field to aid in imaging of the same region of interest during subsequent imaging sessions [2].

3.5.1. MED: Talent at microscope, imaging epifluorescence, with monitor visible in frame
3.5.2. LAB MEDIA/SCREEN: To be provided by Authors: At least one representative bright field image
	Comment by Bridget Colvin: Authors: Please upload all requested Lab Media/Screen capture files to your project page.
3.6. Switch off the epi-illumination light source [1] and close the enclosure of the 2pFLIM microscope rig [2].

3.6.1. MED: Talent switching of light source
3.6.2. MED: Talent closing enclosure

3.7. To activate the 2pFLIM microscope photomultiplier tubes, switch on the hardware command voltage control [2]. 

3.7.1. CU: Hardware being switched on

3.8. To acquire a z-stack 2pFLIM image, set the frame averaging to 3 frames, the scanning speed to 2 milliseconds/line, the image size to 128 x 128 pixels, and the field of view to 90-100 micrometers [1].

3.8.1. SCREEN: To be provided by Authors: Parameter(s) being set

3.9. Adjust the imaging settings based on the preparation and hardware configuration [1] and inspect the acquired image in FLIMview [2].

3.9.1. SCREEN: To be provided by Authors: Imaging settings being adjusted
3.9.2. SCREEN: To be provided by Authors: Shot of image in FLIMview

3.10. Use a decreased field of view, decreased scanning speed, increased laser power, and increased number of frames to be averaged to increase the integrated photon counts and to reduce the lifetime estimation error as needed [1-TXT].

3.10.1. SCREEN: To be provided by Authors: Shot of image while parameters are being adjusted TEXT: Caution: Minimize photobleaching
3.11. Lei Ma: Be sure to obtain enough photons per region of interest. A workable integrated photon count for a t-AKAR-alpha-positive soma in vivo is about 1,000-10,000 photons [1]. 

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

3.12. When the image has been optimized, acquire baseline repeat z-stack images at regular intervals for at least 15 minutes at zero speed on the treadmill [1].

3.12.1. SCREEN: To be provided by Authors: Baseline image(s) being acquired

3.13. Then set the treadmill rotation to approximately 15 centimeters/second for 15 minutes while acquiring 2pFLIM images [1] followed by at least 20 minutes of image acquisition after switching off the treadmill rotation to assess the duration of the protein kinase A activity after the cessation of forced locomotion [2].

3.13.1. SCREEN: To be provided by Authors Mouse moving on moving treadmill	Comment by Bart C Jongbloets: We suggest to show a high resolution IR video of the mouse moving on the treadmill while under the microscope. Otherwise we are required to stop the imaging and block the photomultiplier tubes in order for the video photographer to be able to shoot inside the covered microscope rig. (see email communications)

	Comment by Bridget Colvin: Authors: This is fine.
3.13.2. SCREEN: To be provided by Authors: Image(s) being acquired after forced locomotion cessation

4. 2pFLIM Image Analysis

4.1. For 2pFLIM image analysis, open the images in FLIMview [1] and click on the single photon counting minimum and maximum range fields to enter the appropriate minimum and maximum single photon counting range values [2].

4.1.1. WIDE: Talent opening image(s), with monitor visible in frame
4.1.2. SCREEN: To be provided by Authors: SPC range field(s) being clicked, then value(s) being entered

4.2. Click the time-zero value field to enter the time-zero value and click the lifetime luminance minimum threshold value field to enter the desired threshold value to between 5-30 photons [1].	Comment by Bridget Colvin: Authors: This needs to be spelled out for our Voiceover Talent.

4.2.1. SCREEN: To be provided by Authors: t-zero field being clicked/value being entered, then lifetime luminance minimum threshold value field being clicked/value being entered			 

4.3. Click the New Group button and assign an experiment group name to generate a group that combines the data from each added FLIM image [1].

4.3.1. SCREEN: To be provided by Authors: N being clicked, then name being assigned

4.4. Click Region of Interest in the Region of Interest Controls module and draw a region of interest around a t-AKAR-alpha-positive soma [1].

4.4.1. SCREEN: To be provided by Authors: ROI being clicked, the ROI being drawn around soma

4.5. Move the lower and upper z-limit in the z-stack Control sliders to reduce the z-stack range and to minimize the signal contamination originating from background photons in other z depths and click plus to add the FLIM image to the group [1].

4.5.1. SCREEN: To be provided by Authors: Upper and lower z-limit being moved/z-stack/signal contamination being reduced, then + being clicked

4.6. Click Calc to calculate the mean lifetime and the lifetime estimation error for the region of interest and open the next file in the 2pFLIM imaging series [1].

4.6.1. SCREEN: To be provided by Authors: Calc being clicked/mean and error being calculated, then next file being opened

4.7. Measure the same t-AKAR-alpha-positive soma in each consecutive image over time, adjusting the region of interest around the soma as necessary [1].

4.7.1. SCREEN: To be provided by Authors: ROI being adjusted in image
 
4.8. When all of the images have been analyzed, select the delta Mean Photon Emission Time-delta Mean Photon Emission t-zero in the Group Controls module and click the baseline number field to enter the index for the images of interest to define the images used to calculate the baseline lifetime [1].

4.8.1.  SCREEN: To be provided by Authors: deltaMPET/MPET being selected, then baseline# being selected/LT-zero being calcuated

4.9. Then click Plot to generate a graph containing the FLIM response of t-AKAR-alpha-positive activity during the experiment in the defined regions of interest to allow a comparison of the protein kinase A activity during the locomotion of the kinase across different regions of interest [1].

4.9.1. SCREEN: To be provided by Authors: Plot being clicked/graph being generated



Section – Results
5. Results: Representative 2pFLIM Data Quantification and targeted A-Kinase Activity-Reporter-alpha (t-AKAR-alpha) Tracking 

5.1. To visualize fluorescence resonance energy transfer in 2pFLIM-acquired images [1], the mean lifetime can be quantified on histogram plots of the photon timing collected per pixel [2].

5.1.1. LAB MEDIA: Figures 3A and 3B: JoVE Video Editor: please emphasize image in Figure 3A
5.1.2. LAB MEDIA: Figures 3A and 3B: JoVE Video Editor: please emphasize left/purple graph in Figure 3B

5.2. Calculation of the protein kinase A activity within regions of interest [1] can be performed by combining the lifetime distributions of all of the pixels within a given region of interest [2].

5.2.1. LAB MEDIA: Figures 3C and 3D: JoVE Video Editor: please emphasize circles in left image in Figure 3C
5.2.2. LAB MEDIA: Figures 3C and 3D: JoVE Video Editor: please emphasize data lines in right graph in Figure 3D

5.3. For example, in head-fixed awake mice, the basal lifetimes range between 1.3 and 1.8 nanoseconds [1].

5.3.1. LAB MEDIA: Figure 3E: JoVE Video Editor please emphasize data boxes in left side of each graph

5.4. Further, the imaging of t-AKAR-alpha in the motor cortex in head-fixed awake mice [1] allows the real-time quantification of protein kinase A activity [2] with a cellular resolution during basal and enforced locomotion [3].

5.4.1. LAB MEDIA: Figures 4A and 4B
5.4.2. LAB MEDIA: Figures 4A and 4B: JoVE Video Editor please emphasize basal image and red basal date line in Figure 4B top graph
5.4.3. LAB MEDIA: Figures 4A and 4B: JoVE Video Editor please emphasize orange locomotion image and basal date line in Figure 4B top graph



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Bart Jongbloets: Take care to eliminate any ambient light when using the photomultiplier tube and use the minimal essential laser power, frame averaging, and scanning speed to minimize photobleaching (Steps: 3.6., 3.7., 3.10.) [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Lei Ma: Pharmacogenetic and optogenetic methods can help to dissect specific upstream neuromodulation pathways and multiplexed imaging of a red fluorescent protein or sensor may permit simultaneous monitoring of orthogonal cellular properties [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Bart Jongbloets: This method provides a previously unavailable technique for dissecting the neuromodulatory mechanisms underlying animal behavior at a high spatiotemporal resolution [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.4. Lei Ma: Two-photon lasers are powerful, pulsed, class-four lasers. Although the laser light is normally well shielded from users, caution and protective eye-wear should be used when modifying the light path [1].
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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