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Title: Two-photon calcium imaging in mice navigating a virtual reality environment

Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:
Showing the virtual environment, setting up the blanker, pupil position tracking, mounting the animal
D.  What is the single most difficult aspect of this procedure? 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to perform the key aspects of chronic two-photon imaging in mice exploring a virtual reality environment. (Intro).

This is achieved by modifying a two-photon microscope for fast and stable imaging in behaving mice (P1, Editor, use from 50885_Keller_overview_scheme.ai, layer P1 here). 

Next, an air-supported treadmill capable of locomotion tracking is set up (P2, Editor, from 50885_Keller_overview_scheme.ai, layer P2, add in the mouse on the ball/treadmill).   

Then, a virtual reality environment is prepared that uses an LED projector synchronized to the microscope in order to minimize light leak (P3, Editor, from 50885_Keller_overview_scheme.ai, layer P3, add in the large gray structure in the background with the dotted lines and the gray rectangular box).

As a result, good and stable image recordings are obtained due to the reduction of movement artifacts, the reduction of light leak, and the minimization of photo damage (P4, Editor, from 50885_Keller_overview_scheme.ai, layer P4).

Overview graphics:
The original file with better quality was uploaded to the JoVE submission system.
The figure should be animated according to the four different layers (P1-P4) in the illustrator file.

50885_Keller_overview_scheme.ai
[image: ]

Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  


1.1) Author name Pawel Zmarz: Though this method can be used to measure neural activity during navigation in a virtual reality environment, it can also be easily adapted to a wide variety of different behavioral paradigms that require visual stimulation.


Protocol (read by voice talent at JoVE): 

2. Hardware, Software, and Virtual Reality Setup

2.1. TEXT ON WHITE BACKGROUND: All animal procedures were approved and carried out in accordance with guidelines of the Veterinary Department of the Canton Basel-Stadt and the Regierung von Oberbayern.
2.1.1. Text of above statement

2.2. The two-photon microscope used in these experiments consists of a scan head composed of an 8 or 12 kHz resonant scanner and a standard galvanometer. This enables frame rates of 40 or 60 Hz at 750 x 400 pixels and reduces brain motion induced image distortion, photobleaching, and phototoxicity. 
2.2.1. WIDE Shot of overall hardware setup
{Comment: MED take 2}
2.2.2. MED/CU Shot of scan head including scanner and galvanometer, beginning with VO ‘8 or 12 kHz…’ get enough footage for the last sentence
{Comment: CU take 2 and/or MED take 3}

2.3. A piezo-electric high-speed z-stepper is used to sequentially acquire time interleaved images at multiple depths.
2.3.1. MED/CU of z-stepper
{Comment: take 1 (or 2)}

2.4. A mechanical blanker is used to reduce laser exposure to the tissue at the turnaround points of the scan path. The blanker has to be adjustable to set its width depending on the amplitude of the resonant scanner. 
2.4.1. MED/CU of blanker and talent adjusts the knobs, Editor, place 2.4.1 and 2.4.2 side-by-side, only video shot

2.5. Connect an air supply tube with at least a 10 mm inner diameter to the ball holder of the treadmill and place an ample amount of tubing between the main air supply and the ball holder to reduce noise.
2.5.1. Added: CU Talent shows large diameter of tubing/connector
2.5.1 2.5.2	MED Talent connects ball holder to air supply line
2.5.2	2.5.3	MED Talent points out length of tubing between main air supply and ball holder

2.6. Place a polystyrene foam ball, 20 cm in diameter, in a custom-designed and 3D-printed ball holder. If the behavioral paradigm only requires forward and backward locomotion, insert a pin, such as a 19 gauge hypodermic needle, on the side of the ball to restrict movement of the ball in the horizontal axis.
2.6.1. CU Talent picks up foam ball and places in ball holder
{Comment: take 2}
2.6.2. MED Talent places a pin on side of ball to restrict movement in horizontal axis
2.6.3. Added: CU insertion of pin, {Comment: use take 2}

2.7. Use one or two optical computer mice to track movement of the ball around two or all three axes, respectively.
2.7.1. MED Talent shows modified computer navigates a mouse and shows the movement of the ball
{Comment: use take 2}

2.8. To prepare the virtual reality environment, use LED projectors or LED backlit computer screens for the display.  Integrate a gating circuit for fast flickering of the LEDs during imaging. The 24 kHz flickering frequency is orders of magnitude above the flicker fusion threshold, above which flickering is no longer perceived by the animal. Adjust the exact flickering frequency and duty cycle to synchronize the light output of the projector to the turnaround points of the resonant scanner.
2.8.1. WIDE Setup of LED projectors /screens for the display
2.8.2. LAB MEDIA 50885_Keller_flicker_adjust.avi; Editor: “Adjust the exact …  

2.9. For pupil tracking, use a CMOS based video camera. Make sure that the camera does not contain an infrared blocking filter.  (Pronounce: CMOS  /ˈsiːmɒs/) 
2.9.1. MED/CU of video camera {Comment: use take 2 with more suitable background (white)}
{Comment: take 3 is CU of sensor of camera to show that there is not blocking filter}

3. Experimental Procedure 

3.1. Approximately two to three weeks after injecting the genetic calcium indicator and implanting a cranial window, use epifluorescence illumination to check the cranial window implant for clarity and expression. Clearly visible and sharply defined boundaries of superficial blood vessels are a good indication that the window implant is suitable for imaging (see Figure 1).
3.1.1. MED Talent places anesthetized animal down 
{Comment: use take 3 (last)}
3.1.2. LAB MEDIA Figure 1A and B, Editor, focus on B with the VO, ‘Clearly visible and sharply defined boundaries…’

3.2. One to two days later, to carry out the two-photon experiment, measure and adjust the laser power to a value below 50 mW at the sample.  Then turn on the airflow to the spherical treadmill.
3.2.1. MED Talent adjusts the shows laser power measurement
3.2.2. Added: CU display of powermeter
3.2.2 3.2.3 CU Talent turns on air flow to spherical treadmill (valve)
3.2.4	Added: MED Talent turns on spherical treadmill

3.3. Next, head-fix the animal on the spherical treadmill. The first few times the mouse is head-fixed this process can be eased by briefly sedating the animal with isoflurane. Once the animal has become accustomed to the procedure, mounting can normally be performed without sedation. Note that it is critical to minimize stress to the animal during this procedure.
3.3.1 MED/CU Talent performs a toe pinch
3.3.2 Modified/Added: Talent shows mounting of briefly sedated animal [was filmed, but do not use: per Swiss veterinary regulations]
3.3.1. Modified:  MED Talent shows awake mounting of animal 
{Comment: use take 2}

3.4. Then, position the visual display system as close as possible to the animal to still allow for access to the animal. Make sure the cranial window implant is free of dirt and clean it with water if necessary.
3.4.1. MED Talent positions visual display system as close as possible to animal to still allow for access to animal
3.4.2. Added: CU Talent soaks ‘sponge’ with water for window cleaning
3.4.2 3.4.3 CU Talent cleans the window
{Comment: use take 2}

3.5. Apply clear ultrasound gel as immersion medium between the cranial window and water-immersion objective.  For light shielding, wrap a piece of black tape around the objective and head bar. 
3.5.1. CU Talent applies ultrasound gel between cranial window and objective
3.5.2. CU Talent wraps piece of black tape around objective and head bar
{Comment: use take 2}

3.6. Move the virtual environment arena to its final position and adjust the video camera for pupil tracking.
3.6.1. MED Talent moves virtual environment arena to final position
{Comment: use take 2}
3.6.2. SCREEN/CU Talent adjusts camera for pupil tracking
3.6.3. SCREEN Pupil tracking as talent adjusts camera (authors will provide)
Editor: combine 3.6.2 and 3.6.3 side-by-side
Editor: 50885_Keller_SC_pupil_tracking.mp4 as example for the side-by-side arrangement. 50885_Keller_SC_pupil_tracking_raw.avi is the raw material used.

3.7. Finally, set the laser blanker to match the scan amplitude used during the experiment, and start recording data.  When experiments are complete, euthanize the animal according to your institution’s guidelines.
3.7.1. SCREEN/WIDE Talent sets laser blanker to match scan amplitude and starts recording data, effect on two photon image will be shown
{Comment: take 2 showing the operation interleaved with screen capture of blanker adjustment, LABMEDIA 50885_Keller_blanker_adjust.avi}

4. Representative Virtual Reality Two-photon Calcium Imaging Results-(second to last section) 

4.1. The image quality in two-photon calcium imaging of cell populations labeled with a genetic calcium indicator largely depends on the quality of the cranial window implant.  As demonstrated here, when checking the cranial window for clarity after virus injection, there should be no granulation tissue or bone regrowth visible.
4.1.1. LAB MEDIA Figure 1A

4.2. Moreover, the pattern of superficial blood vessels should remain unchanged and the boundaries of the vasculature should be sharply defined. At the same time, boli of labeled cells should be clearly visible under an epifluorescence microscope.
4.2.1. LAB MEDIA Figure 1B

4.3. Ideally the preparation is stable enough such that distortions of the two-photon images induced by locomotion of the mouse are not visible in the image after frame registration. Light leak from the visual stimulation system can be fully abolished by correctly timing the light output of the projector to the turnaround points of the resonant scanner when data are not acquired. The flickering frequency of the light source should be twice the scan frequency.  In this example, the blanker was removed to illustrate the effect of light leak, shown in the orange boxes, during visual stimulation.
4.3.1. LAB MEDIA 50885_Keller_Figure2ani.psd (animated, see layers (‘step1’ to ‘step3’) in PSD file and animation options set in PS); 

5. Conclusion (said by authors on camera

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.


5.1. Marcus Leinweber: After watching this video, you should have a good understanding of how to perform two-photon imaging in behaving mice navigating a virtual reality environment. In addition to setting up the imaging and virtual reality systems as described here, the key to success in these experiments is mastering the cranial window implant technique. A clean implant is a prerequisite for high quality images and stable recordings.
{Comment: last take}

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff 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.  

Overview: 50885_Keller_overview_scheme.ai
2.8.2 50885_Keller_flicker_adjust.avi
3.6.3 50885_Keller_SC_pupil_tracking_raw.avi
3.6.3 50885_Keller_SC_pupil_tracking.mp4
3.7.1 50885_Keller_blanker_adjust.avi
4.3.1 50885_Keller_Figure2ani.psd

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.
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