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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. 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.

C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.5., 2.8., 2.9., 3.1.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.2. Allow sufficient dye filling for visualization of distal dendrites, apply appropriate optical zoom and laser powers to accurately visualize/track dendrite processes, choose appropriate laser uncaging stimuli to evoke spatially and temporally limited nicotine uncaging in neurons of interest. 
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Ryan Drenan: This technique leverages two-photon laser scanning microscopy in conjunction with short-wavelength, one-photon laser photolysis of a photoactivatable nicotine molecule to achieve nicotinic acetylcholine receptor activation.
1.2. Matthew Arvin: This technique allows fine spatiotemporal control over nicotinic receptor agonist application, providing a powerful tool for the study of receptor functional expression patterns and cholinergic synaptic and volume transmission.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been reviewed and approved by the Northwestern University Institutional Animal Care and Use Committee. Procedures also followed the guidelines for the care and use of animals provided by the National Institutes of Health Office of Laboratory Animal Welfare.
Protocol: (read by voice talent at JoVE)
2. Photoactivatable Nicotine (PA-Nic) Brain Slice Application and Superfusion
2.1. Before beginning the procedure, use a programmable pipette puller to pull a glass micropipette with a 20-40 micrometer opening diameter [1-WIDE].
2.1.1. Talent pulling pipette
2.2. Strain approximately 1 mL of recording solution through a 0.22-micron filter [1-MED-TXT] and resuspend enough lyophilized photoactivatable nicotine in the filtered recording solution to yield a 2 millimolar final concentration [2-CU].
2.2.1. Talent filtering solution (TEXT: See text for all reagent preparation details)
2.2.2. PA-Nic being added to solution, with stock PA-Nic container label visible in frame
2.3. Back-fill the pulled local application micropipette with 50 microliters of the photoactivatable drug [1-MED] and secure the pipette in a pipette holder mounted on a micromanipulator [2-CU].
2.3.1. Talent filling micropipette with drug

2.3.2. Pipette being secured to holder

2.4. Connect the pipette holder via an appropriate length of tubing to a pressure ejection system capable of sustained low-pressure application [1-MED] and use the micromanipulator to maneuver the local application pipette into the extracellular recording solution [2-CU].

2.4.1. Talent connecting tubing to system, with pipette holder connection visible in frame

2.4.2. Pipette being maneuvered into solution

2.5. Position the pipette tip slightly above a mouse brain tissue sample approximately 50-micrometers from the cell of interest [1-CU-TXT] and briefly apply 1-2 pounds per square inch of pressure to the pipette [2-MED]. There should be minimal-to-no displacement of the cell of interest [3-ECU-TXT].
2.5.1. Pipette tip being positioned (TEXT: See text for tissue slice preparation details)

2.5.2. Talent applying pressure

2.5.3. Shot of no displacement (TEXT: If significant movement occurs, reposition pipette further from cell of interest)

2.6. After achieving a stable whole cell patch clamp [1-CU-TXT], turn on the low application on the pressure ejection device [2-MED] and saturate the tissue surrounding the cell with photoactivatable nicotine for 1-2 minutes [3-CU].

2.6.1. Shot of whole cell patch clamp (TEXT: See text for whole cell patch clamp setup details)

2.6.2. Talent turning on device/low application of pressure (Author Comment: Steps 2.6.2 and 2.6.3 lend themselves to being recorded on screen. We suggest using this video of local PA-Nic application to illustrate the process)
2.6.3. Tissue being saturated

2.7. Matthew Arvin: “Local application introduces additional complexity to the experiment but it spares compound and allows higher concentrations of PA-Nic to be utilized.” [1-MED-interivew style]
2.7.1. Matthew Arvin, speaking the above interview style (looking just off-camera)
2.8. For bath application of the photoactivatable nicotine, first dissolve enough of the lyophilized drug in a volume of recording solution appropriate for continuous recirculation to a 100 micromolar final concentration [1-MED] and load the resulting mixture into a perfusion system [2-CU].

2.8.1. Talent dissolving drug in recording solution, with stock PA-Nic container visible in frame

2.8.2. Solution being added to system

2.9. Then begin recirculation of the photoactivatable nicotine solution at a 1.5-2 mL/min rate [1-MED], using tubing with a minimal inner diameter and overall length to minimize the required recirculation volume [2-CU].

2.9.1. Talent turning on system

2.9.2. Shot of tubing, solution being circulated through tubing

2.10. During recirculation, continuously bubble the solution with carbogen [1-CU] and maintain the bath temperature at 32 °C under low light conditions [2-MED] [3-MED].

2.10.1.  Shot of solution being bubbled

2.10.2.  Talent setting temperature

2.10.3.  Talent adjusting lights

2.11. Matthew Arvin: “Bath application benefits from the simplicity and uniformity of PA-Nic permeation of the tissue, but it necessarily utilizes lower micromolar PA-Nic concentrations expends higher total amounts of compound.” [1-MED-interview style]
2.11.1.  Matthew Arvin, speaking the above interview style (looking just off-camera)
3. 2-Photon Laser Scanning Microscopy Neuron Imaging
3.1. For live visualization a medial habenula neuron, use transmitted light or infra-red differential interference contrast optics and a video camera [1-WIDE] to establish a stable whole cell patch clamp recording [2-MED].

3.1.1. Talent turning on light and/or camera

3.1.2. Talent at computer, establishing recording, with monitor visible in frame
3.2. After establishing the high-resistance cell-attached configuration, but before break-in, switch the set-up and software to laser scanning mode [1-SCREEN].
3.2.1. *To be provided by Authors: Shot of established high-resistance cell-attached configuration, then setup/software being switched to laser scanning mode (Author Comment: MP4 58873_3.2.1_t1: 1.) Establishment of high-resistance cell-attached configuration occurs in the Seal Test Window from time 0:54 to 1:12. Display seal test window. Highlight circuit parameters in the seal test window. 2.) Software being set for laser scanning mode occurs from time 0:00 to 0:08. Display PMT window and Lasers window. In this video the laser scanning was initiated before establishment of high-resistance cell-attached configuration. Video in imaging window is low quality and need not be shown.)
3.3. After break-in, use laser scanning to verify that the imaging dye of interest is passively filling the neuron by diffusion [1-SCREEN-TXT].

3.3.1. *To be provided by Authors: Dye filling neuron (TEXT: See text for dye preparation/application details) (Author Comment: MP4 58873_3.3.1_t1: Imaging with GaAsP PMT. Highlight PMT and Laser window settings. Display PMTs and Lasers windows. Dye filling neuron occurs in the Image Window from 0:18 to 0:45. Display time lapse of imaging window from 0:18 to 0:45. Whole cell recording occurs at 0:45. Display still shot of seal test window at 0:45. Highlight circuit parameters. Comments: When breaking whole-cell the experimenter failed to switch voltage clamp to cell-mode (a mistake). Therefore, the seal test is only useful to show from time 0:29 to 0:45 when the cell returns to a stable cell-mode voltage clamp.)
3.4. Allow the dye to fill the cellular compartments for at least 20-30 minutes [1-MED] before using the “Live Scan” function to visualize the neuron and subcellular compartment of interest [2-SCREEN].
3.4.1. Talent setting timer, with whole cell patch clamp set up visible in frame

3.4.2. *To be provided by Authors: Live Scan being selected/neuron and/or compartment being visualized (Author Comment: MP4 58873_3.6.1_t1: Visualization of the neuron occurs in the imagine window from time 0:12 to 0:27)
2.1. Select imaging parameters that allow an accurate live visualization of the neuronal features, manipulating the appropriate settings to affect or alter the display visualization, resolution, signal-to-noise ratio, and image frame acquisition time as necessary [1-SCREEN].
2.1.1. *To be provided by Authors: At least some parameters being set (Author Comment: MP4 58873_3.5.1_t1: Image Resolution being set from time 0:08 to 0:13. Display Image Resolution subwindow. Highlight pixel size change with change in image resolution. Dwell Time Per Pixel being set from 0:14 to 0:20. Display Dwell Time Per Pixel subwindow. Highlight frame rate being changed (in Scanning subwindow) with change in pixel dwell time.)
2.2. To enhance the signal contrast, open the Look-Up Table window and adjust the Look-Up Table floor and ceiling settings [1-SCREEN].

2.2.1. *To be provided by Authors: LUT window being opened, then LUT floor and ceiling settings being adjusted (Author Comment: MP4 58873_3.6.1_t1: Lookup Tables being adjusted from time 0:38 to 0:58. Display time lapse of image window from 0:38 to 0:58. Display lookup table (GaAsP) from 0:38 to 0:58. Highlight look up table (GaAsP) change at 0:45 to 0:49 and subsequent change in image window.)
2.3. To locate an area of interest within the tissue, select the 1X optical zoom and use the panning controls [1-SCREEN].

2.3.1. *To be provided by Authors: Optical zoom being selected, then area of interest being located (Author Comment: MP4 58873_3.7.1_t1: 1.) optical zoom and panning occurring from 0:10 to 0:35. Display image window from 0:10 to 0:35. Highlight Optical zoom subwindow from 0:10 to 0:14 and subsequent image window change at 0:26. Highlight Panning control subwindow from 0:25 to 0:34 and subsequent image window changes)
2.4. Use the “Z-series” tool to select a start and stop position that contains the cell of interest. Set a step size of 1 micrometer and select an image size that will yield a highest resolution image; often 1024 x 1024 pixels per line. [1-SCREEN].

2.4.1. *To be provided by Authors: Pixels being set, then start and stop positions being selected (Author Comment: MP4 58873_3.8.2_t2. Image window was visualized to choose start and stop positions. Display image window from 0:00 to 0:44. Highlight stage control subwindow from 0:00 to 0:38. Z-series step size was chosen. Highlight step size selection in z-series definition subwindow, current z-series tab at time 0:41. Final image resolution was set with image size selection. Highlight image size selection in image resolution subwindow at time 0:44. Comment: The order and content of the text was switch because picture resolution was finalized after determining start and stop positions.)
2.5. Then consecutively image the neuron in every Z-plane that contains the cell [1-SCREEN].
2.5.1. *To be provided by Authors: Neuron being imaged in at least one plane (Author Comment: MP4 58873_3.8.2_t2. Z-series image was taken using setting selected in step 3.8.2. Display time lapse of image window from 3:12 to 6:02)
3. Laser Flash Photolysis 
3.1. To calibrate the laser stimulation, start the system scanning with an imaging laser power greater than minimum [1-WIDE] and fine tune the objective focus onto the thin red marker fluorescence layer [2-MED-over the shoulder].
3.1.1. Talent starting system scanning
3.1.2. Talent tuning objective focus, with monitor visible in frame
3.2. Select an area within the fluorescence field clear of debris and evenly coated with marker and open the “Tools/calibration and alignment” menu to select the “Uncaging galvo calibration” function [1-SCREEN].

3.2.1. *To be provided by Authors: Field being selected, then menu being opened and function being selected (Author Comment: MP4 58873_4.2.1_t2. Optical zoom was applied to find clear marker field. Display image window from time 0:00 to 0:10. Highlight optical zoom subwindow from 0:04 to 0:07. Tools menu and calibration function being selected. Highlight tools/ calibration/ uncaging galvo calibration beging selected from 0:12 to 0:18. Display uncaging galvo calibration window at 0:20)
3.3. Follow the “burn spots tutorial” for the spatial calibration of the second galvanometer mirror pair, selecting the 405 nm laser, a laser stimulation power of 400, and a stimulation duration of 20 milliseconds to yield 1-5-micrometer-diameter holes in the red marker [1-SCREEN].
3.3.1.  *To be provided by Authors: Tutorial being started, then laser, laser stimulation power, and stimulation duration being selected (Author Comment: MP4 58873_4.3.1_t1. Selecting uncaging galvo calibration window and setting parameters. Display uncaging galvo calibration window at 0:00 to 0:19. Highlight burn spots mode selection at 0:02. Highlight laser selection at 0:08. Highlight power setting at 0:10. Highlight duration setting at 0:14. Highlight indicator in middle of image window at 0:20)
3.4. Select “Update” to stimulate and refresh the image after the center spot burn and move the round red indicator to the actual spot location of the center, right center, and lower center spots to obtain a grid of nine spots [1-SCREEN]. 
3.4.1. *To be provided by Authors: Update being selected, then spots being indicated (Author Comment: MP4 58873_4.4.1_t1. Using calibration window and image window to align indicators with photolysis spots. Display image window and calibration window from 0:00 to 1:04. Highlight corrections made at 0:14 to 0:18 and 0:24 to 0:27. Highlight 3x3 grid selection at 0:33)
3.5. To test the calibration, opening the “Mark Points” window and manually activate the stimulation parameters of the defined spots in a new area of the sample, taking care that the correct, latest calibration file is loaded into the “Mark Points” window [1-SCREEN].

3.5.1. *To be provided by Authors: Mark Points window being opened, parameters being activated, and calibration file being confirmed (Author Comment: MP4 58873_4.5.1_t2. Markpoints window being opened, parameters being set from 0:00 to 0:44. Display image window and mark points window. Highlight settings being set and uncaging path being drawn. Comment: I didn’t visibly confirm calibration file but this text probably need not be removed.)
3.6. Then apply a test pulse to verify the correct calibration [1-SCREEN].
3.6.1. *To be provided by Authors: Test pulse being applied (Author Comment: MP4 58873_4.5.1_t2. Protocol being ran to test calibration. Display image window from 0:44 to 0:54. Highlight photolysis spots aligned with indicators)
3.7. To briefly image and locate the subcellular area of interest, select “Live Scan” and use “Increase the optical zoom” to visualize any small structures as necessary [1-SCREEN-TXT].
3.7.1. *To be provided by Authors: Live Scan being selected, then area of interest being located and zoom being adjusted (TEXT: Periodically update the image to identify potential small drifts in focus) (Author Comment: MP4 58873_4.7.1_t1. Area of interest being located and zoomed in to occurs at time 0:00 to 0:38. Display image window from 0:00 to 0:38. Highlight optical zoom subwindow from tim 0:10 to 0:32 and subsequent changes in image window.)
3.8. Place the “Mark Points” single spot crosshairs immediately adjacent to the cell membrane and set the photo-stimulation parameters to a 1- to 50-millisecond duration, a 1- to 4-milliwatt laser power, and at least 1 trial [1-SCREN-TXT].

3.8.1. *To be provided by Authors: Crosshairs being placed near cell (TEXT: Do not place photo-stimulation spot directly over cellular feature to avoid photodamage), then parameters being set (Author Comment: MP4 58873_4.8.1_t3. Uncaging location indicator being placed near cell occurs at time 0:03 to 0:05. Display imaging window from 0:00 to 0:08. Highlight location indicator being placed at 0:03. Setting photo-stimulation parameters occurs at time 0:13. Display Mark Points window at time 0:13. Highlight interval, duration, #reps, and laser power settings. Highlight red trace area at bottom of mark points window)
3.9. Then select “Run Mark Points” to initiate the “Mark Points” protocol and observe the electrophysiology data acquisition in real time [1-SCREEN-TXT].
3.9.1. *To be provided by Authors: Run MarkPoints being selected, then shot of some electrophysiology data acquisition (TEXT: Repeat 3-4x to evaluate consistency/stability amplitude and kinetics responses) (Author Comment: MP4 58873_4.8.1_t3. The Mark Points protocol is ran at time 0:20 to 1:08. Display Voltage Recording Window from 0:24 to 1:08. Highlight laser pulses occurring at 5000, 15000, and 25000 milliseconds. Highlight voltage recording window at 1:05 to 1:08 to display data at better temporal scale.)
4. Results: Representative PA-Nic 2-Photon Laser Scanning Microscopy Imaging and Laser Flash Photolysis Analysis  
4.1. Photoactivatable nicotine-two-photon excitation fluorescence is easily detected during pressure ejection from a local application pipette as demonstrated [1-LM], whereas the delivery of the main photochemical products of the photoactivatable nicotine photolysis reaction generate no fluorescent signal [2-LM], demonstrating the specificity of the photoactivatable nicotine results [3-LM].

4.1.1. Figure02a (no label).ai: Video Editor: please emphasize GaAsP PMT PA-Nic image/signal in GaAsP PMT PA-Nic image

4.1.2. Figure02a (no label).ai: Video Editor: please emphasize by-product and nicotine GaAsP PMT images

4.1.3. Figure02a (no label).ai: no animation

4.2. Imaging of the photoactivatable nicotine applied to the brain tissue as demonstrated reveals the presence of the drug [1-LM] within 100-200 micrometers of the local application pipette [2-LM], confirming that photoactivatable nicotine can be effectively delivered to the brain tissue via local application [2-LM]. 
4.2.1. Figure02b (no label).ai: Video Editor: please emphasize signal in merge image

4.2.2. Figure02b (no label).ai: Video Editor: please outline/emphasize pipette in merge image

4.2.3. Figure02b (no label).ai: no animation
4.3. Here high-quality images within which the neuronal morphology appears to be complete [1-LM], the noise is minimized, and the debris does not interfere with interpretation of the cellular morphology are shown [2-LM].
4.4. Figure03a (no label).ai: Video Editor: no animation OR please emphasize neuron morphology
4.4.1. Figure03a (no label).ai: Video Editor: no animation of please emphasize noise and debris
4.5. These images, however, are of a lower quality, owing to a lower signal-to-background ratio and substantial debris [1-LM].
4.5.1. Figure03b (no label).ai: Video Editor: no animation OR please emphasize debris
4.6. Imaging of the localized photoactivatable nicotine laser flash photolysis at medial habenula neurons in brain slices as demonstrated [1-LM] allows the electrophysiological response to the photolysis to be tracked over time [2-LM].
4.6.1. Figure04a (no label).ai: Video Editor: please sequentially emphasize image columns from left to right
4.6.2. Figure04a (no label).ai: please emphasize graphs from left to right
4.7. Single spot photolysis performed at 10-second intervals allows a sufficient recovery time for the baseline holding current [1-LM], while a shorter, 1-second interval leads to a gradual increase in the holding current as the protocol proceeds [2-LM], suggesting that that nicotine does not have enough time to diffuse away from the system with the shorter intervals [3-LM].
4.7.1. Figure04b (no label).ai: Video Editor: please sequentially emphasize 10 s interval graphs
4.7.2. Figure04b (no label).ai: Video Editor: please sequentially emphasize 1 s interval graphs
4.7.3. Figure04b (no label).ai: no animation
5. Conclusion (said by authors on camera):
5.1. Matthew Arvin: When designing experiments that utilize photoactivatable molecules, it is important to remember to select fluorescent indicators and reporter fluorophores with compatible excitation-emission spectra. PA-Nic is compatible with most common fluorophores due to its short-wavelength photolysis peak.
5.2. Ryan Drenan: When choosing the most appropriate PA-Nic application technique and concentration, the functional expression and the physiological activity of the nicotinic receptors in the neurons of interest should be carefully considered.

5.3. Matthew Arvin: Skilled utilization of this technique allows for fine a spatiotemporal control of the nicotine application, which enables exciting new possibilities for studying the kinetics of native nicotinic receptor engagement, subcellular localization, and modulation of neuronal activity by nicotinic receptor activation. 

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
2.6.3. 58873_2.6.2_t2.avi
3.2.1. 58873_3.2.1_t2.mp4

3.3.1. 58873_3.3.1_t1.mp4

3.4.2. 58873_3.6.1_t1.mp4

3.5.1. 58873_3.5.1_t1.mp4

3.6.1. 58873_3.6.1_t1.mp4

3.7.1. 58873_3.7.1_t1.mp4

3.8.1. 58873_3.8.1_t2.mp4

3.9.1. 58873_3.8.1_t2.mp4

4.2.1. 58873_4.2.1_t2.mp4

4.3.1. 58873_4.3.1_t1.mp4

4.4.1. 58873_4.4.1_t1.mp4

4.5.1. 58873_4.5.1_t2.mp4

4.6.1. 58873_4.5.1_t2.mp4

4.7.1. 58873_4.7.1_t1.mp4

4.8.1. 58873_4.8.1_t3.mp4

4.9.1. 58873_4.8.1_t3.mp4

(Author Comment: These files are the screen captures associate with each step. I apologize they are named after some steps. This was done this way because the JOVE FAQ directed me to do this. I did not see the guidance to give different names here, sorry! I gave detailed comments about each video associated with each step so please let me know if I can help the editors in any way!)

5.1.1. Figure02a (no label).ai
5.1.2. Figure02b (no label).ai
5.4.1. Figure03a (no label).ai
5.5.1. Figure03b (no label).ai
5.6.1. Figure04a (no label).ai
5.7.1. Figure04b (no label).ai
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 in the email accompanying the finalized script.
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